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Annual  Report  of  the  G-eological  Survey  of  India,  and  of  the  Geological 
Museum,  Calcutta,  foe  the  year  1877. 

New  ground. — The  field-work  of  the  Geological  Survey  of  India  is  of  two 
kinds:  the  preliminary  exploration  of  ground  regarding  wliicli  our  knowledge  is 
citlier  a  blank  or  exceedingly  vague,  and  tlio  more  detailed  study  of  rocks 
the  general  features  of  which  have  been  laid  down.  The  latter  is  essentially  the 
more  difficult  task,  and,  within  certain  limits,  the  more  interesting  to  the  geo¬ 
logist,  as  requii’ing  the  more  exact  application  of  the  guiding  prineijiles  of  his 
science,  and  as  allording  the  better  opportunity  of  testing  and  defining  those 
principles  themselve.s.  The  attractions  of  the  former,  both  to  the  worker  and  the 
looker-on,  are  its  rapidity  and  the  more  easy  attainment  of  the  sensation  of 
adding  something  to  our  store  of  knowledge.  In  the  progress  of  the  Survey, 
the  proportions  of  these  two  kinds  of  work  undergo  a  constant  change ;  but  wo 
are  still  far  from  the  state  of  having  no  new  ground  to  explore.  During  the 
past  sca.son  two  .such  blanks  have  been  ajiproximatoly  filled  in. 

I  am  glad  to  announce  that  the  principal  of  the.so  reclaimed  territories  is  in 
the  higher  Himalajm.  Hitherto  our  work  in  this  most  interesting  region  has 
been  in  a  manner  occasional.  The  circumstance  of  my  connection  with  the 
College  at  Roorkee  for  some  years  placed  mo  wdthin  easy  roach  of  the  lower 
Himalaya,  and  the  results  of  four  seasons’  work  were  published  in  18G4  (Memoirs, 
G.  S.  I.,  vol.  III).  Dr.  Stoliczka’.s  zeal  for  great  undertakings  led  him  early 
to  urge  the  exploration  of  Western  Tibet.  The  result  of  his  obsei'vations 
in  that  difficult  region  during  the  summers  of  1864  and  1865  were  published 
in  vol.  V  of  our  Memoirs,  and  were  supplemented  by  his  notes  on  his  last  fatal 
journey  to  Kashgar  in  1873  (Records,  G.  S.  I.,  vol.  VII).  The  urgent  demand 
for  coal  in  connexion  with  the  Northera  Bengal  Railway  led  to  Mr.  Mallet’s 
deputation  in  1873  to  examine  the  Damiida  rocks  discovered  in  1849  by  Dr. 
Hooker  at  the  base  of  the  Sikkim  Himalaya.  Mr.  Mallet’s  observations  on  this 
fringe  of  the  mountain  region  were  published  in  vol.  XI  of  the  Memoirs.  The 
foregoing  accounts,  together  with  the  observations  by  Captain  R.  Strachey,  R.E., 
in  Kumaun  and  Central  Tibet,  and  published  with  a  map  in  the  Quarterly  Journal 
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of  the  Geological  Society,  Loudon,  voLs.  Vll  and  X  (1851  and  1854),  consti¬ 
tuted  so  far  the  only  definite  materials  for  a  geological  map  of  the  mighty 
Himalaya.  In  1875-76  the  examination  of  the  outer  tertiary  zone  and  adjoining 
rocks  was  cairied  up  to  the  Jhelum  (Records,  vol.  IX)  ;  and  in  continuation  of 
this  work,  Mr.  Lydekker,  during  the  past  season,  has  made  an  extensive  explora¬ 
tion  of  the  mountains  north  and  south  of  the  Kashmir  V alley  and  in  the  upper 
basin  of  the  Ghenab. 

That  so  little  should  have  been  known  regarding  the  geology  of  such  an 
attractive  spot  of  earth  as  Kashmir,  is  a  fair  indication  of  the  difficulty  of  the 
ground.  Flying  observations  have  of  course  been  recorded,  and  some  bold 
speculation.s  based  thereon;  but  these  contribute  little  towards  a  definite 
knowledge  of  the  rock-structure.  The  presence  of  carboniferous  strata  was 
long  since  observed,  and  the  extensive  occurrence  of  eruptive  rocks  has  been 
prominently  noticed  ;  but  the  relations  of  all  these  to  the  preponderating  mass  of 
contiguous  unfossiliferous  rocks  have  remained  unknown.  Mr.  Lydekker  shews 
that  the  Kashmir  area  is  a  compressed  synclinal  ellipse,  on  the  pattern  of  the 
larger  features  defined  by  Stoliczka  in  the  Tibetan  region,  but  containing,  so  far 
as  obsciwed,  no  rocks  younger  than  the  trias.  The  slates  of  the  I’ir  Panjal  are 
shewn  by  connected  observations  to  be  the  equivalents  of  the  Silurian  and  infra- 
Silurian  strata,  of  the  Tibetan  sections.  After  some  hesitation,  Mr.  Lyulekker 
decided  that  the  trappean  rocks  must  belong  to  a  period  of  local  eruption  in  the 
iqipcr  part  of  the  Silurian  series.  Although  very  frequently  observed  in  abi’upt 
and  troubled  contact  with  the  carboniferous  rocks,  they  were  never  seen  to  pene¬ 
trate  these  strata,  or  above  them. 

On  the  south-ea.stem  prolongation  of  the  Kashmir  synclinal,  but  separated 
from  it  by  a  mass  of  metamorphic  rocks  in  Kistwar  and  Badriwar,  there  is  in  the 
Pangi  district,  on  the  ujiper  Chenab,  a  smaller  symclinal  ellipse,  in  which  only 
the  Silurian  slates  have  been  found.  This  basin  is  cut  off  to  the  south-east  by 
the  gneissic  masses  of  Lahul.  This  feature  of  longitudinal  structure — the 
I’ecurrence  of  basins  of  dcjpression  along  the  same  mountain  zone — is  also  a 
character  of  the  more  central  Himalaj’an  regions,  where  the  great  basin  of  Spiti 
and  Zanskar  is  cut  off  from  the  veiy  similar  basin  of  Hundes,  on  the  same  strike, 
by  the  metamorphies  of  Xorth  Bisahir.  The  fact  seems  to  preclude  the  sugges¬ 
tion  that  has  been  made,  that  these  basins  are  in  some  degree  aboriginal  with 
relation  to  the  included  formations. 

ITie  relations  of  the  gneissic  series  are  still  the  most  obscure  point  in  these 
mountain-sections.  Mr.  Lydekker  feels  compelled  to  adopt  the  view'  that  the 
Pir  Panjal  range  i.s,  on  the  whole,  a  great  folded  anticlinal  flexure,  having  a  core 
or  axis  of  gneiss,  the  whole  stratified  series  on  the  outer  (south-west)  side 
being  inverted.  In  this  arrangement,  if  the  gneiss  is  even  approximately  con- 
fonnable  with  the  slate  series  (as  this  view'  implies  and  as  is  apparently  the  case), 
the  actual  position  and  structure  of  this  gneiss  and  of  the  contiguous  slates 
must  be  due  to  acts  of  disturbance  common  to  both  ;  for,  it  w'ould  seem  impossible 
to  produce  the  great  fold,  and  the  inversion  of  the  strata  on  the  south-west,  if 
the  gneiss  had  pre-existed  as  a  ridge  in  this  position.  Again,  there  are  clear 
sections  shewing  the  slate  series  to  pass  transitionally  (by  interstratification) 
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downwards  into  crystalline  scliist  and  gneiss,  wliicli  certainly  implies  that  the 
conversion  of  this  gneiss  is  of  later  date  than  the  deposition  of  the  slates.  Yet 
there  are  observations  in  this  region  shewing  most  indabitahly  that,  duiing  the 
ileposition  of  the  slates,  a  gneiss  was  undergoing  violent  denudation,  and  at  no 
great  distance :  throughout  a  considernhlo  thickness  of  strata  in  Pangi,  largo 
blocks  of  gneiss  are  imbedded  in  the  unaltered  slato.s.  From  the  circumstances 
Mr.  Lydekker  conjectures  that  they  were  ico-hoi-no ;  but,  however  this  may  bo, 
the  immediate  difficulty  is,  that  they  seem  to  be  of  Himalayan  gncis,s,  as  they 
resemble  it,  and  are  not  like  any  known  gnoi.ss  of  the  nearest  j'egion  to  the  south. 
If  they  were  derived  from  any  gneiss  now  exp(jsed  in  the  Himalaya,  we  may 
surely  say  that  it  must  be  of  vei'y  diffei'eut  iige  from  the  gnei.ss  cimformably 
underlying  and  transitional  with  tliese  same  slates;  and  that  the  unconformity 
betw^een  the  two  series  must,  at  least  oilginally,  have  been  of  a  very  striking 
character,  so  that  the  non-recognition  of  such  a  featui-c  would  vitiate  any  in¬ 
dependent  interpretation  of  the  rock-structure.  The  question  radically  affects 
the  view  to  be  taken  of  the  mountain-formation ;  but  we  are  still  in  uncertainty 
regarding  it,  no  such  distinction  having  been  as  yet  detected  in  the  gneissic  masses 
of  this  region.  The  great  gneissic  mass  of  the  Zanskar  range  is  certainly  to 
some  extent  composed  of  a  gneiss  associated  with  the  slates ;  the  so-called 
“central  gneiss”  has  also  been  provisionally  identified  in  it;  hut  no  minera- 
logical  criterion  or  stratigraphical  demarcation  has  as  yet  been  attempted 
between  them.  An  account  of  Mr.  Lydekker’s  observations  is  published,  with  a 
skeleton  map,  in  the  current  number  of  the  Records. 

In  this  connection  I  am  glad  to  have  to  notice  the  work  of  a  geologist  who  is 
not  on  the  staff  of  the  Survey,  although  liis  observations  have  been  published 
in  our  Records  for  the  past  year.  Workers  for  love  of  geohjgy  have  become  so 
rare  in  India  that  the  appearance  of  one  is  quite  an  event ;  and  Colonel  McMahon’s 
paper  is  in  good  form,  representing  much  hard  work  in  the  field  and  the  study,  put 
together  rationally,  without  random  spectilation.  His  map  of  the  Simla  region 
indicates  a  clue  to  the  structure  of  the  most  difficult  region  of  Himalayan  geology, 
and  an  interpretation  that  may  pi-ove  of  great  servico  is  suggested.  The  ground 
sketched  by  Mr.  Lydekker,  although  adjoining  the  groat  fringing  zone  of  tertiary 
rocks,  is  strictly  on  the  prolongation  of  the  groat  central  Himalayan  range,  and 
the  structure  is  on  a  reduced  scale  of  the  same  type.  The  Simla  region  is 
quite  different :  it  belong.s  to  that  broad  as-ea  of  lower  mountains  -which  to  the 
east  of  the  Satlej  separates  the  snowy  range  from  the  plains,  and  is  made  up 
of  metamorphio  and  slaty  rocks  in  a  very  irregular  and  incomprehensible 
mode  of  distribution.  In  the  midst  of  the  slate  series  there  is  one  well-marked 
group,  affording  the  most  certain  guide  to  the  disturbance  of  the  strata. 
Colonel  MciMahon  has  mapped  its  outcrop  over  an  extensive  tiuct  of  rug'ged 
mountains.  Ho  has  also  iiidicatcil  for  this  region  a  probable  solution  of  the 
difficulty  noted  in  Mr.  Lydckker'.s  work  regarding  the  gneissic  rocks.  He  shows 
that  the  massive  gneiss  t'orming  several  ^U'ominent  ridges  in  the  lower  mouTitaivis 
must  be  the  same  as  the  “central  gnei.ss”  of  the  main  range ;  he  describes  the 
upper  members  of  the  slate  series  to  ho  so  related  to  this  gneiss  as  to  involve 
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li’ie  total  ovei'la])  of  the  lower  part  of  the  series,  and  therefore  complete  un- 
confonnity  to  the  gneiss ;  subsequent  mctamorphic  action,  largely  affecting  the 
slate  series  itself,  especially  at  the  contact  with  the  older  gneiss,  has  so  obscured 
the  junction  as  to  make  the  exact  definition  of  it  a  matter  of  great  difficulty. 

The  other  newly  reclaimed  area  is  in  Peninsular  India.  The  wide  tract  (some 
300  miles  long)  between  the  Mahanadi  and  the  lower  reaches  of  the  Godavari, 
although  completely  surveyed  topogi’aphically,  is  one  of  the  least  frequented 
regifms  of  the  Peninsula.  It  is  a  wild  hilly  country  entirely  occupied  by  primitive 
tribes  and  petty  tributary  states.  Fi’oin  the  condition  of  adjoining  areas  wc 
could  oidy  coujoetiiro  that  it  was  occupied  by  Viiidhyan  and  gncissic  rooks ; 
and  such  has  |)rovod  to  bo  the  ease.  During  the  jiast  season,  Mr.  Ball  made  an 
extensive  circuit  over  that  ground,  and  an  account  of  his  observations  has  already 
been  published,  with  a  sketch-map,  in  the  Recoi’ds. 

On  the  coast  side  there  is  a  broad  mountainous  belt  (130  miles  wide),  some 
summits  exceeding  .5,000  feet  in  elevation.  It  is  known  on  both  sides  to  bo  formed 
of  crystalline  rocks,  and  is  probably  so  throughoirt.  West  of  this  there  is  an  ex¬ 
tensive  upland,  also  largely  formed  of  gneissic  rocks,  but  upon  which  there 
stand  two  or  more  scarped  plateaus  of  flatty  bedded  sandstone,  the  pifincipal  being 
that  of  Nowagarh-Khariiil.  Further  west  there  is  the  wide  expanse  of  lowei’ 
ground  fonned  of  the  shales,  limestone  and  sandstones,  occuiying  the  plains  of 
Chlmttisgarh  and  the  upper  valley  of  the  Mahanadi,  and  stretching  southwards 
to  the  more  elevated  land  about  Bastar.  These  latter  rocks  have  for  long  been 
recogms(Ml  as  of  lower  Vindhyan  ago ;  but  Mi'.  Ball  thinks  that  the  Kharial  sand¬ 
stones  may  i'e|)resent  ii])per  Viudhyans,  as  they  ai'e  locally  underlaid  by  shales 
very  like  those  of  the  Chhattisgarh  jilains.  As  yet  no  npjicr  Vindhyans  have 
been  identified  south  of  the  Son-Narbada  valley.  That  tluiso  formations  should 
still  have  to  bo  classed  as  azoic,  is  a  recurring  cause  of  surprise  and  disapjioint- 
ment  to  geologists  in  India. 

In  the  valley  of  the  Tol  and  elsewhere  in  low  gi'ound  south  of  the  Mahanadi, 
Mr.  Ball  observed  several  distant  outliers  of  the  Talchir  deposits ;  while  on  the 
highest  summits  visited,  both  of  detached  hills  and  within  the  range  of  the  Eastern 
Ghats,  ho  found  the  massive  rock-latoritc,  giving  a  plateau  character  to  the  other¬ 
wise  serrated  mountain-features.  This  high-level  laterite  forms,  throughout  the 
whole  of  middle  and  northern  Indi-a,  a  thick  (50  to  100  feet)  level  capjjing  to 
most  of  the  highest  summits,  whatever  may  be  the  structure  of  the  underlying 
rocks,  and  has  the  same  composition,  whatever  may  bo  that  of  the  rocks  it  rest 
upon,  so  that  it  cannot  in  any  way  be  derived  from  their  transformation.  Its  mode 
of  origin  is  still  one  of  the  greatest  puzzles  in  Indian  Geology. 

During  a  short  visit  to  Naini  Tal  in  September,  Mr.  Hall  som<e  obset’va- 
tions  regarding*  tlic  numerous  lakes  of  tliab  noiglibourliood, 

Mr.  Hacket  s  work  in  Hajputana  must  also  rank  as  in  new  ground.  He  bas 
<'arried  liis  obsoiwations  to  some  distance  soutli  of  Ajmir,  Avhere  he  obtained  a 
rnller  section  of  the  mctamorphic  rocks  transitumallj  underlying  his  Arvali 
s^^ries.  In  the  northern  sections,  about  Alwar  and  lliana,  these  transition  bed.s 
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seem  to  bo  locally  wanting.  Altogether  the  study  of  those  highly  altered  and 
disturbed  formations  is  most  intricate,  and  it  is  likely  to  bo  long  before  a  con¬ 
nected  and  satisfactory  account  of  them  can  be  given. 

Mr.  Hacket  confirmed  in  other  localities  Mr.  Blanford’s  discovery  of  Vindhyan 
strata  to  the  west  of  the  Arvali  range,  but  in  a  more  easterly  position,  resting 
quite  flatly  cloiso  to  the  main  series  of  gnoissic  rocks ;  so  that  the  Vindhyan  for¬ 
mation  must  be  altogether  younger  than  the  Arvali  mountain-system. 

No  rocks  but  the  quartzites  and  other  strata  of  the  An^ali  scric.s  were  found 
in  the  vicinity  of  the  famous  Sambhar  salt-lake ;  and  no  observation  was  made 
.suggesting  any  connection  of  the  salt  with  these  rocks. 

Gondwdna  formatwn. — The  recognition  of  the  Karharbari  coal-measures  as 
a  distinguishable  horizon  in  the  lower  Gondwana  scries  is  an  interesting  steji  in 
our  knowledge  of  these  formations.  A.s  immediately  ovei'lying  the  Talchirs, 
these  bods  have  hithci’to  passed  as  belonging  to  the  Barakar  group,  tJie  lowest 
of  the  Damiida  coal-measures.  The  first  discovery  in  them  of  peculiarly  tna,ssic 
plants  not  found  clsowhoro,  looked  at  from  the  point  of  view  of  pahuozoic  affinities 
for  the  Damuda  flora,  suggested  that  the  Karharbari  beds  should  bo  regarded 
as  above  the  Damudas.  Further  collections  of  fossils  made  by  Dr.  Foistmantel, 
and  others  presented  by  Mr.  Wliitty,  the  engineer  in  charge  of  the  extensive  mines 
from  which  the  East  Indian  Railway  is  supplied,  have  not  supported  this  notion. 
Dr.  Feistmantcl  points  out  that  with  those  special  plants  arc  found  the  few 
which  most  distinguish  the  Talchirs,  and  that  the  affinity  is  with  this  bottom 
group  of  the  Gondwaha  system,  nilhcr  than  with  the  Damudas.  The  po.sition 
of  the  field,  well  out  of  the  Damuda  valley',  and  more  analogous  to  that  of  the 
central  fidlds,  in  which  also  tlio  coal-measures  have  hitherto  been  regarded  as 
Barakar,  suggests  that  those  too  may  be  found  to  present  those  new  palasonto- 
logical  affinities.  Dr.  Feistmantcl  reports  from  iMohpani  that  there  is  some 
confirmation  of  this  view  in  the  plants  ho  has  recently  found  there.  The  very 
close  stratigraphical  relations  of  the  Satpura  coal-measures  with  the  Talchirs 
in  the  Beti'd  field  was  insisted  upon  in  the  last  survey  of  that  ground  (Records, 
vol.  VIII,  p.  65,  1875). 

Of  our  detailed  work  an  interesting  area  of  the  Gondwana  formations  was 
completed  during  last  season  by  Mr.  Hughes,  in  extension  of  his  previous  work 
in  the  Wardha  valley,  the  geological  linos  being  now  carried  down  to  the  Goda¬ 
vari  at  and  above  Sironeha.  An  important  practical  result  of  this  work  is  tho 
accurate  demarcation  of  a  considerable  area  of  possibly  productive  coal-mcasurcs 
in  the  Nizam’s  territories  about  Khairgura  and  Tandur,  and  again  on  tho 
Godavari  at  Sandrapali.  In  tho  foi’mcr  position  actual  coal  crops  were  found ;  at 
the  latter  the  discovery  was  quite  unexpected,  as  tho  ground  is  greatly  concealed, 
but  the  indications  arc  considered  sufficient.  Directions  arc  given  for  tho  prac¬ 
tical  exploration  of  tho  measures. 

Two  localities  within  this  area  have  long  been  familiar  to  students  of  Indian 
Geology  from  the  fos.sils  they  have  yielded — the  liassic  fish  remains  of  Kota  and 
the  triassic  reptilian  bones  of  Maleri— -and  on  this  account  special  interest  attaeho.s 
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U)  Mr.  Hughes’  stratigraphical  determinations.  The  result,  whether  local  or  general, 
has  not  been  confirmatory  of  the  speculations  that  had  been  hazarded  upon  previous 
knowledge.  Partly  from  the  fossils  and  partly  from  the  mineral  aspect  of  the 
rocks,  it  had  been  thought  that  the  Maleri  beds  might  represent  the  Panchet 
groujj  in  the  lower  Gondwana  series  of  Bengal.  Prom  the  evidence  of  some 
plant  fossils  obtained  during  the  recent  survey,  it  is,  however,  decided  that  these 
deposits  must  rank  as  njjper  Gondwana.  As  regards  the  different  horizons 
suggested,  accoi'ding  to  the  European  standards,  by  the  fossils  Horn  the  two 
localities,  Mr.  Hughes’  desc:'iption  shews  that  the  beds  of  Maleri  and  of  Kota 
cannot  be  distinguished  as  separable  groups,  and  therefore  that  the  aforesaid 
fossil.s  must  be  taken  as  contemjioraneous  in  India.  This  fact,  and  the  affiliations 
suggested  by  the  fossil  flora,  present  altogether  a  serious  puzzle  to  palaeontologists 
of  the  rigid  school.  The  question  is  briefly  stated  by  Mr.  Blanford  in  a  note 
appended  to  the  description  of  the  Kota-Maleri  fossils  in  a  recent  number  of 
the  Pala}ontologia  Indica.  A  map  and  description  of  Mr.  Hughes’  work  is  published 
in  the  current  number  of  the  Records. 

The  Kota-iMaleri  area  is  part  of  the  continuous  spread  of  Gondwfina  deposits 
within  the  drainage-basin  of  the  Godavari,  and  hence  often  spoken  of  collectively  as 
the  Godiivari  ljusin  or  region  ;  but  it  is  only  on  the  lower  half  of  this  river  itself  that 
tliese  formations  occur;  the  extension  above  Sironcha  is  in  the  valleys  of  the  great 
tributaries,  the  Praiihita  and  W ardha,  to  wher'e  the  strata  pass  under  the  Deccan  trap 
in  the  Chanda  and  W lin  districts.  The  ])ortion  below  Sironcha  is  considerably  larger 
than  that  above  it,  and  ]\Ir.  King  has  been  lor  several  seasons  c.ngag'ed  in  studying 
this  ground.  Notices  of  his  discovery  of  marine  beds  intercalated  with  the 
upper  Gondvvanas  on  the  seaward  margin  of  the  area,  were  publislied  at  the 
time;  and  also  his  description  of  some  small  coal  basins  within  or  adjoining  the 
main  area.  A  notice  of  his  preliminary  observations  regarding  the  whole  area 
was  y)nblished  in  the  last  May  number  of  the  Records.  During  the  jjast  season 
Mr.  King  made  further  progress  in  unravelling  the  intricate  relations  of  these 
closely  connected  rock-groups,  and  is  still  engaged  in  carrying  on  these  researches  : 
but  it  is  scarcely  to  be  expected  that  ho  can  complete  so  difficult  and  extensive  an 
investigation  within  the  present  field-season. 

ilr.^  I  oote  has  been  engaged  for  several  seasons  past  upon  the  coastal  zone  of 
(londwana  deposits,  in  continuation  of  his  previous  published  work  on  these  beds 
in  the  area  around  Madras.  During  the  past  season  he  comjfleted  his  survey  of 
this  grournUhrough  the  Nollore  and  Gantiir  districts  up  to  the  Krishna  river, 
thus  bringing  his  lines  into  connexion  with  Mr.  King’s  work  in  the  Godavari 
disti-ict  south  of  Hllorc.  The  deposits  which  were  the  special  object  of  his 
study  are  very  obscurely  exi)osed  as  ii-regular  patches  along  tlie  margin  of  the 
crystfdline  rocks  fm-ming  the  low  ground  from  the  base  of  the  Rastern  Ghats 
and  on  the  oa.st  they  pass  rapidly  under  the  alluvium  of  the  flat  seaboard.’ 

Mr  Foote  has  made  considemble  collections  of  the  mixed  marine  and  terrestrial 
fossils  peculiar  to  the  Gondwana  strata  in  this  position.  A  description  of  his 
work  is  in  course  of  preparation. 
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Exploralions  for  coal. — In  connexion  witli  the  Gondwana  formation,  record 
should  be  made  of  the  coal  explorations  that  have  been  going  on  for  several 
seasons  past  in  the  Satpura  basin,  ^'hey  were  undei'taken  by  Government  at  my 
recommendation,  and  have  been  carried  out  more  or  less  to  the  tixteni  contem¬ 
plated,  bnt  have  proved  un.successful.  The  obseiwations  and  chances  upon  which 
these  experiments  were  based  have  been  from  time  to  time  explained  in  the 
Records,  so  that  a  brief  recapitulation  of  the  circumstances  will  now  sutfice.  The 
only  outcrop  of  the.  coal-measures  on  the  north  side  of  the  Satpura  basin  of  Gond¬ 
wana  rooks  is  on  the  Sitariva  at  ilohpani.  It  is  there  that  the  structural  charac¬ 
ters  of  the  outcrop,  so  close  to  this  obscure  main  boundary  of  the  basin,  should 
have  been  practically  tested  and  the  continuity  of  the  measures  proven.  The 
mining  operations  there  have,  however,  been  hithert.o  on  a  very  paltry  scale,  and 
the  work  of  exploration  most  inefficiently  carried  out.  The  difficulties  of  the 
ground  are,  no  doubt,  considerable,  but  not  a  single  trial  to  the  dip  of  the  basin 
has  been  carried  to  the  depth  at  which  it  could  have  been  expiected  to  touch  the 
coal  in  the  position  attempted.  The  whole  ground  on  the  Sitariva  is  in  private 
bands,  and  Government  could  not  interfere  to  insist  upon  a  more  effective  method 
of  search,  so  it  was  reasonably  resolved  to  attemjjt  the  exploration  of  the  basin 
at  other  less  favourable  points,  where  the  measures  themselves  had  to  be  sought 
for. 

In  pursuance  of  this  project  three  classes  of  trial  were  indicated.  It  was 
shewn  that  the  total  cutting  olf  of  the  GondAvana  rocks  to  the  north,  along  a 
supposed  great  fault,  was  at  least  not  proven ;  and  that  therefore  it  was  possible 
that  the  coal-measures  might  in  certain  positions  occur  beneath  the  alluvial  area 
of  the  Narbada  valley.  To  test  this  conjecture  two  borings  were  made,  one  at 
Gadarwara  close  to  the  main  line  of  railway,  and  one  at  Sukakheri  by  the  .side 
of  the  branch  line,  half  way  to  Mohpani.  The  former  was  stopped  at  a.  dejith  of 
251  feet,  as  the  tubes  could  not  be  forced  further,  and  smallei'  tube.s,  to  pass  down 
inside  the  fir.st  .set,  were  not  then  available.  The  Sukakheri  boring  was  sunk  to 
the  depth  of  491  feet  still  in  alluvial  depo.sits,  chiefly  clay;  and  it  is  highly 
creditable  to  Mr.  Stewart,  the  brace-head  man  in  charge  of  the  work,  that  with 
.such  labour  and  appliances  as  he  cordd  command  he  was  able  to  sink  so  deep. 
This  is  a  far  greater  thickness  than  was  at  all  anticipated  for  the  valley  deposits  ; 
and  the  trial  ha.s  practically  answered  the  question  proposed,  for  it  would  certainly 
not  pay  at  present  to  seek  the  coal  through  such  a  thickness  of  soft  rocks. 
It  is  plain,  however,  that  the  que.stion  whether  or  not  the  coal-measures  extend 
in  this  direction  (rrjion  the  possibility  of  which  the  experiments  were  under¬ 
taken),  is  not  affected  by  the  result. 

A  second  class  of  trial  was  based  upon  the  fully  proven  fact  that  the  thickness 
and  distribution  of  the  upper  Gondwana  groups  are  exceedingly  irregulai*.  It 
was  thus  hoped  that  the  coal-measures  might  possibly  lie  at  a  practicable  depth 
within  the  basin,  iu  the  open  valleys  of  the  Dudhi  and  the  Tawa,  -where  the 
measures,  if  found,  would  be  free  from  the  many  accidents  that  render  the 
working  of  them  so  difficult  in  the  disturbed  ground  near  the  boundary.  Boiings 
were  accoidingly  put  down  at  Manegaon  and  at  Khappa  in  the  Dudhi  valley 
The  former  was  closed  at  420  feet,  as  the  depth  attained  required  constant  super 
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vision  ujion  one  work.  At  the  close  of  last  working  season  the  Kliappa  boring 
bad  reached  the  depth  of  720  feet,  altogether  by  hand — another  very  creditable 
perfornianeo  of  Mr.  Stewart’s.  Here  again  the  practical  riuestion  w'as  solved 
for  the  pre.scnt  by  the  mere  faci^  of  depth,  hlo  change  of  formation  occurred 
throughout  the  boring,  so  the  geological  information  gained  is  also  limited  to  the 
bare  fact  of  thickne.ss.  As  the  progress  of  boring  by  hand  at  this  depth  is  so 
slow  and  costly,  I  could  not,  under  the  circumstances,  recommend  the  prosecution 
of  the  work.  Correspomling  trials  to  these  w'ere  made  in  the  open  valley  of  the 
Tawa,  along  the  Betul  and  Hoshangabad  road,  at  Kesla  to  a  depth  of  302  feet, 
and  at  the  Suktawa  to  241  feet,  -with  the  same  result. 

A  third  class  of  experiment  lay  in  the  attempt  to  find  the  coal-measures  in 
positions  cori-esponding  to  Mohpani,  close  to  the  edge  of  the  basin.  The  induce¬ 
ment  here  is  that  Talchir  beds,  which  are  the  most  freejuent  companions  of  the 
coal-measures,  occur  at  several  places  along  the  margin  of  the  field.  The  special 
objections  to  this  position  are  the  frequent  presence  of  trappoan  intrusions  and 
the  great  disturbance  of  the  strata.  Three  borings  were  j^ut  dowm  at  Tundni, 
ton  miles  west  of  Mohpani.  Two  of  them,  at  depths  of  328  and  172,  struck 
trappean  and  contact-rocks,  being  evidently  on  a  belt  of  inti’usive  action.  The 
third,  more  to  the  south,  found  no  change  to  24-3  feet,  where  the  tools  stuck  fast ; 
but  as  the  dips  were  high  there  was  no  inducement  to  renew  the  attempt. 

At  the  w  esteru  extremity  of  the  field,  on  the  IVloran  near  liokartalai,  some 
highly  carbonaceous  outcrops  have  long  since  attracted  the  attention  of  explorers. 
A  boring  put  down  to  the  dip  of  those  outcrops,  to  a  depth  of  254  feet,  has 
shewn  that  these  coaly  bands  do  not  improve  underground  ;  and  a  later  discovery 
of  fossil  plants  in  these  beds  has  sho^vn  that  they  do  not  belong  to  the  lower 
Goiidwanas.  Two  other  borings  were  put  down  at  the  lowest  point  of  the  section, 
to  try  the  underlying  strata  ;  but  at  depths  of  84  and  88  feet  (the  holes  are  60 
yards  apart  across  the  strike)  an  intensely  indurated  sandstone  was  struck, 
in  which  little  or  no  progi’oss  could  bo  made.  It  is  almost  certainly  the  contact 
bed  of  an  intrusive  sheet  of  basalt,  the  prosonoc  of  which  wmdd  indefinitely  reduce 
the  pros25ect  of  success ;  so  the  j'roject  was  abandoned.  This  position  also  is 
close  to  the  north  boundary  of  the  basin  and  wdthin  the  zone  of  special  dis¬ 
turbance. 

Two  other  trials  of  this  series  remain  to  bo  noticed,  those  close  to  the  patches 
of  Talchir  rocks.  One  on  the  road  from  Pijjaria  station  to  Pachmarhi,  within 
50  yards  of  the  Talchir  outcrop,  was  sunk  to  a  depth  of  285  feet  entirely  in  coarse 
mottled  deposits  of  the  ujqior  Gondwiinas,  shewing  that  their  junction  with  tho 
Talchirs  must  be  exceedingly  steej'),  if  not  faulted,  and  that  the  coal-measures,  if 
present,  are  beyond  easy  reach.  Another  trial,  now  in  progress,  on  the  Anjan, 
close  to  the  road  from  Bankeri  station  to  Pachmarhi,  is  also  close  to  an  outcrop 
of  Talchirs ;  it  has  reached  a  depth  of  18G  feet,  entirely  in  mottled  sandy  clay  of 
tho  Bagra  grouji. 

These  trials  may  bo  taken  as  closing  for  the  jiresent  the  exploration  of  this 
region  of  the  basin,  unless  in  immediate  continuity  of  the  Mohqiani  field  on  the 
Sitariva.  Should  this  fail,  the  nearest  prospect  is  in  the  Shahjiur  field  on  the 
south  side  of  the  basin. 
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Pimjiih. — Mr.  Wynne  was  fully  occupied  during  last  season  in  majiping  tlic 
structural  features  of  tlio  tertiary  basin  between  tlic  Salt  Range  and  the  moun¬ 
tains  to  tbe  north,  and  often  spoken  of  as  the  Potwar,  or  the  Rawalpindi  plateau. 
It  is,  on  the  whole,  a  broad  synclinal,  with  many  subordinate  axes  of  flexure. 
The  change.s  in  composition  of  these  tertiary  deposits  according  to  po.sition  with 
reference  to  the  mountain  region  and  to  the  great  river  courses,  combined  with  the 
great  disturbance  they  have  undergone,  is  a  constant  obstacle  to  the  attempt  to  trace 
the  zone.s  of  contemporaneous  strata.  To  do  thi.s  with  any  certainty  will  bo  a 
work  of  great  labour  which  the  Survey  is  not  at  present  prepared  to  undertake ; 
yet  until  this  is  done,  it  will  bo  impossible  with  any  nicety  to  indicate  the  order 
of  succession  of  the  vertebrate  fauna,  which  form.s  the  chief  interest  of  tho.se 
formations.  The  more  regular  sections  of  the  corresponding  deposits  in  Sind 
may  furnish  this  impoi-tant  clue  to  the  horizon.s  in  the  Sub-Hinialayan  region. 
A  sketch  of  Mr.  Wynne’s  work,  with  an  outline-map,  is  given  in  the  Records 
for  last  August. 

Mr.  Theobald  has  added  largely  to  our  collections  of  fossils  from  these  rocks 
in  the  Potwar  during  the  past  season ;  but  it  is  only  in  an  approximate  and 
often  doubtful  way  that  the  specimens  can  be  assigned  to  the  different  horizons  : 
Mr.  Theobald  reports  favourably  of  the  a.ssistance  he  has  received  in  this  work 
from  the  apprentice  Kishen  Singh.  A  notice  of  these  collections  up  to  date  is 
given  by  Mr.  Lydekker  in  the  current  number  of  the  Records. 

The  post-tertiary  deposits  of  this  region  offer  a  study  of  much  interest.  They 
are  found  resting  upon  tilted  Siwalik  strata  at  very  high  levels  over  the  actual 
river  courses,  so  that  prodigious  denudation  must  have  taken  place  since  they 
were  laid  down.  There  is  much  evidence  to  suggest  that  glacial  action  took  a 
direct  part  in  the  accumulation  of  some  of  these  deposits. 

Sind. — During  the  working  season  of  1876-77,  Mr.  Blanford  and  Mr.  Fcddcn 
completed  the  mapping  of  Sind,  west  of  the  Indus.  A  considerable  portion  of  the 
country  had  been  examined  in  the  two  preceding  sciisons,  but  in  several  districts 
the  examination  had  only  Ixjen  partial  and  preliminary.  In  the  course  of  the  pa.st 
season  Mr.  Blanford  re-examined  the  Khirthar  range  from  its  northern  termina¬ 
tion  west  of  Jacobabad  to  the  neighbourhood  of  Sehwan  ;  he  then  re-mapped  the 
cretaceous  rocks  in  the  Laki  range  south  of  Sehwan,  and  after  completing  the 
geological  lines  in  the  Habb  valley,  and  marching  we.stward  along  the  coast  as  far 
as  Sonmiani,  returned  to  Calcutta  at  the  commencement  of  March,  to  continue 
his  work  on  the  geological  manual. 

Mr.  Fedden,  starting  from  Karachi,  mapped  the  largo  tract  of  country  west  of 
the  Laki  range,  from  the  neighbourhood  of  Sehwan  to  the  sea,  an  area  of  nearly 
6,000  square  miles.  The  ground  had  been  partially  examined  before,  but  the 
greater  portion  of  the  details  were  completed  during  the  pa.st  season.  Large 
additions  were  also  made  to  the  fossil  collections  provionsly  obtained. 

So  much  of  the  geology  of  Sind  had  been  determined  in  the  two  previous 
seasons  that  no  very  impoiiaut  additions  could  bo  expected.  Still  several  slight, 
but  useful,  improvements  were  effected.  The  exact  relations  of  the  bed  of  trap 
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found  in  tlie  Laki  range  had  remained  somewhat  doubtful,  the  country  in  which 
the  rock  occurs  being  difficult  of  access,  the  geology  complicated  by  faults  and 
disturbance,  and  the  topographical  map  very  imperfect.  It  lias,  however,  now  been 
clearly  ascertained  that  a  band  of  contompoivaneous  volcanic  rock,  from  40  to  90 
feet  thick,  intciwenes  between  the  base  of  the  Ranikot  gi’oup  (lower  eocene)  and 
the  cretaceous  beds,  and  there  can  be  no  reasonable  doubt  that  this  thin  lava-flow 
represents  the  great  naas.s  of  the  Deccan  traps.  The  geological  position  of  these 
trayj.s  below  the  eocene  group,  as  inferred  from  their  relations  in  the  lower  Nar¬ 
bada  (Nerbudda)  valley,  has  thus  been  confirmed  from  independent  evidence. 

The  cretaceous  bcd.s  between  Ranikot  and  Laki  have  been  found  to  be  above 
1,000  feet  thick,  their  ba.se  not  being  exposed,  and  they  are  sub-ditdded  into  three 
groups  marked  by  dilferenees  of  mincr’al  charactei’  and  of  fossils.  The  lowest 
group  is  the  limestone  in  which  a  JHfpv/rita  was  found  last  year. 

In  the  Laki  range  and  the  country  around  Jhirk  and  Tatta,  the  nummulitic 
Khirtbar  limestone  rests  upon  the  Ranikot  group,  the  latter  being  about  2,000 
feet  thick  where  most  fully  developed,  and  overlying  the  traps  and  cretaceous  beds 
above  noticed.  But  west  of  the  Khirtbar  range,  in  Upper  Sind,  Mr.  Blanford 
found,  in  a  traverse  which  he  made  for  a  short  distance  beyond  the  frontier  on  the 
upper  Gaj  river,  a  thicknc.ss  of  at  least  10,000  feet  of  beds  underlying  the  Khirthar 
limestone,  and  having  no  resemblance  to  the  rocks  in  the  same  position  to  the 
south-east.  These  lower  beds  on  the  west  of  the  Khirthar  range  consist  of  shales, 
limestoucs,  and  sandstones ;  and  fossils  were  detected  in  jilaccs  throughout  the 
upper  4,000  or  6,000  feet,  the  lower  portion  being  apparently  unfossiliferous.  All 
the  fos.sils  found  were  nummulitic  and  shewed  the  rocks  to  be  of  eocene  age. 
Somewhat  similar  beds  w’erc  observed  on  the  Habb  river,  where  the  great  mass  of 
Khirthar  limestone,  so  conspicuous  throughout  the  greater  part  of  Sind,  completely 
thins  out  and  disappears  in  the  course  of  20  or  30  miles.  The  ciilcareous  shales 
and  sandy  beds  which  replace  the  limestone,  and  the  very  similar  rocks  seen 
beneath  the  tyjiical  Khirthars  on  the  upper  Gaj,  are  identified  by  Mr.  Blanford 
with  the  beds  which  he  traversed  in  Western  Makran,  between  Gwadar  and  Jalk, 
in  1872. 

Both  Mr.  Fcdden  and  Mr.  Blanford  have  found  that  all  the  tertiary  groups  of 
Sind,  although  well  marked  and  distinct  in  places,  pass  into  each  other  elsewhere, 
thus  repeating,  in  the  extreme  west  of  India,  the  pheiromena  already  noticed  in 
the  Himalayas.  It  has  been  found  very  difficult  in  many  cases  to  map  the  dis¬ 
tinctions  between  the  different  groups.  In  parts  of  Lower  Sind  near  Karachi  the 
Gaj  (miooene)  and  Mairchhar  groups  appear  to  be  completely  irrtermingled,  tyjrical 
representatives  of  both  being  interstrati  lied.  This  shews  that  the  connexion 
between  these  two  grotrps  is  closer  than  was  at  first  sttpposed,  and  further  evidence 
tending  to  a  similar  conclusion,  and  adding  greatly  to  orrr  previous  knowledge 
of  the  later  tertiary  Vertebratn,  has  also  been  derived  fi'om  the  collections  of 
mammalian  remains  made  in  the  Jlanchhar  beds. 

A  few  mammalian  teeth  and  bones  were  found  by  Mr.  Fedden  in  1875-76  in 
the  beds  of  the  Manchhar  gi'orrp,  and,  on  examination  by  Mr.  Lydekker,  were 
found  to  comprise  some  forms  lonnd  also  in  the  Siwaliks,  together  with  others 
unknown  elsewhere,  but  having  a  somewhat  older  facies.  Itr  the  coirrse  of  the 
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past  season  a  coiisiderable  addition  has  boon  inad6  to  the  i'ossils  previously  obtained, 
and  amongst  other  forms  teeth  of  Sanitherium,  Anthraaotherimn,  Ilyopotamus, 
Acerotheriuni,  and  Ampliicyon  have  been  procured ;  all  have  been  determined  by- 
Mr.  Lydekker.  Several  of  these  were  found  by'  the  native  assistant,  Hira  Lai,  who 
accompanied  Mr.  Blanford ;  others  were  obtained  from  native  collectors.  The 
specimens  are  rare  and  fragmentary',  but  sufficient  has  now  been  learned  of  the 
fauna  to  shew  that  it  is  older  than  the  tyrpical  fauna  of  the  Siwaliks,  and  that  it 
should  be  classed  probably'-  as  Miocene. 

It  has  already  been  mentioned  in  a  previous  report  that  the  typical  Siwalik 
fauna  has  been  principally^  derived  from  beds  in  the  middle  of  the  group.  All 
the  fossils  hitherto  procured  from  the  Manchhar  sti'ata  of  Sind  are  from  close  to 
the  base,  from  the  very'  beds  which  pass  into  the  Gaj  group,  already  shewn  to  be 
probably  of  miocene  age  on  indejiendent  grounds.  We  have  now  found  e-vidence 
of  three  later  tertiaiy  mammalian  faunas  in  India  ;  (I)  that  of  the  lower  Manchhar 
group  and  of  some  allied  forms  elsewhere ;  (2)  the  ty'pical  Siwalik ;  and  (.“I)  the 
pleistocene  Narbada  fauna,  other  nitermcdiate  formations  having  also  been 
indicated.  The  Manchhar  group  has  proved  to  comprise  a  great  thickness  of  beds, 
probably'  not  less  in  places  than  8,000  to  10,000  feet ;  only  a  few  fragments  of 
bones  have  been  found  in  the  higher  portions  of  the  group,  which  may  very 
probably  I’ejjresent  the  fossiliferous  Siwalik  rocks. 

The  march  to  Sonmiani  w'as  undertaken  in  the  hope  of  tracing  a  connexion 
between  the  Manchhar  beds  and  the  highly  fossiliferous  rocks  of  late  tertiary 
age  on  the  coast  of  Makran,  but  unfortunately  the  break  between  the  beds  of 
Sind  and  those  of  Makran  appears  to  be  greater  than  w-as  supposed,  the  only 
formations  seen  between  Cape  Monze  and  Sonmiani  consisting  either  of  rocks 
certainly  not  of  later  date  than  eocene,  or  else  of  subrecent  and  alluvial  deposits, 
whilst  no  appearance  of  the  ilakran  beds  could  be  detected  except  at  a  consi¬ 
derable  distance  west  of  Sonmiani. 

Mr.  Pedden  has  done  a  very  good  season’s  work,  and  has  made  a  large  and 
valuable  collection  of  organic  remains  in  the  present  ana  preceding  ymars.  He 
has  now'  been  sent  to  Katty'w'ar  to  commence  the  survey  of  that  province,  his 
knowledge  gained  of  the  rocks  in  Cutch  and  Sind  being  a  great  advantage  in 
studying  the  formations  of  the  neighbouring  peninsula  of  Guzerat.  Since  his 
return  from  .privilege  leave  Mr.  Pedden  has  been  most  usefully  engaged  at  head¬ 
quarters  in  making  a  preliminary  arrangement  of  the  extensive  series  of  fossils 
from  Sind. 

One  of  the  native  assistants  attached  to  the  Survey  in  1874  w'as  sent  with  Mr. 
Blanford  and  another  with  Mr.  Pedden,  principally  as  fossil  collectors.  The 
former,  Hii-a  Lai,  although  requiring  much  additional  training,  proved  useful  and 
ishewed  great  wdllirigness  ;  but  the  assistant  who  accompanied  Mr.  Pedden,  Ram 
Sing,  was  found  to  be  of  very^  little  service,  and  as  there  appeard  no  pi'ospcct  of  his 
ever  giving  any  assistance  of  value,  it  -wus  recommended  that  his  probationary 
sei’-vice  should  terminate.  He  has  since,  by  order  of  Government,  been  removed 
from  the  Survey. 

Mr.  Blanford,  since  his  return  from  the  field  in  March,  has  been  engaged  in 
office  work,  and  especially  on  the  preparation  of  the  geological  manual. 


12 


Records  of  the  Geological  Survey  of  India. 


[voL.  XI. 


During  the  past  field-season  none  of  the  officers  of  the  Survey  were  absent  on 
sick  leave  or  furlough;  and  still,  compared  with  some  seasons  gone  by,  our  muster- 
roll  was  short,  sanction  not  being  yet  obtainable  to  (ill  the  last  three  vacancies.  In 
view  of  the  work  remaining  to  be  aceornjilislied,  especially  in  the  geology  of  the 
Himalayas,  for  which  arduous  work  a  man  must  bo  in  full  physical  vigour,  this 
temporary  suspension  of  our  powers  is  much  to  be  deplored. 

Puhlications. — It  is  pretty  generally  understood  that  in  mixed  publications 
of  acknowledged  authorship  the  writers  are  separately  responsible  for  the  opinions 
expressed,  the  editor’s  veto  being  reserved  for  open  breaches  of  logic  or  of  pro¬ 
priety.  As,  however,  I  have  been  snjiposed  to  hold  certain  views,  because  they 
were  allowed  to  appear  in  the  Records  of  the  Survey,  it  would  seem  to  be  the 
opinion  of  some  that  an  official  body  of  woi’kors  should  run  in  a  groove,  that  the 
chief  of  the  staff  should  consider  himself  so  superior  to  his  official  subordinates  as 
to  form,  or  at  least  control,  their  opinion.  The  notion  may  bo  a  relic  of  the 
early  British  idea  that  a*  geological  survey  might  bo  mainly  carried  on  by  men 
devoid  of  mental  culture  or  scientific  training,  the  materials  so  oollectod  being 
worked  into  shape  by  a  resjionsihle  head.  In  a  civilised  country,  where  the  main 
linos  of  the  work  are  already  laid  down,  and  where  it  is  always  easy  to  risit 
and  study  any  crucial  features  of  the  ground,  such  a  system  might,  to  some 
extent,  be  practicable ;  hut  the  attempt  would  ho  impossible  in  India,  where, 
off  the  main  highways,  one  can  only  move  about  with  all  the  incumbrances  of  a 
camp ;  so  that  the  work  of  inspection  would  take  nearly  as  much  time  as  the 
preliminary  survey.  But,  indeed,  there  is  no  cause  to  regret  the  absence  of  a 
system  based  upon  an  essentially  narrow  idea  of  geological  work,  in  which  the 
important  duty  of  making  and  recording  observations  of  obscure  facts  is  entrusted 
to  men  who  can  have  hut  a  feeble  conce])tion  of  what  they  arc  about,  and 
who  arc  without  the  sure  incentive  of  responsibility  for  the  finished  work. 

No  doubt,  however,  a  chief  of  the  staff  is  in  a  peculiar  position  as  editor 
of  a  departmental  publication,  but  it  seems  to  me  that  the  rationale  of  the 
position  tends  in  our  case  to  loosen  rather  than  to  tighten  the  bonds  of  his 
responsibility.  As  ofllcial  head  of  a  body  of  scientific  workers,  his  functions  are 
rather  those  of  the  heads  of  the  intelligence  and  commissariat  dopaitments  than 
of  the  commanding  officer.  Unless  under  very  unfortunate  circumstances,  he 
would  cortaiidy  have  colleagues  as  competent  as  himself  to  do  work,  and  to 
whom  any  dictation  on  his  part  would  bo  impertinence.  In  so  complex  a  business 
as  a  geological  .survey,  there  must  be  several  experts  more  proficient  in  their 
scvoi’al  branches  than  any  one  can  be  in  them  all,  and  whose  work  can  only 
bo  fully  criticised  by  their  poors.  Thus,  then,  the  business  of  the  department 
being  to  collect  and  publish  information,  which  is  not  obtained  by  manual  opera¬ 
tions  performed  by  rule,  but  must  bo  the  result  of  pure  intelligence,  every 
member  has  more  or  less  of  a  right,  according  to  hi.s  ability  to  produce  finished 
work,  to  appear  as  author  of  that  work.  And  so,  under  anything  like  normal 
conditions,  the  editorial  responsibilities  become  distributed;  and  so  far,  too,  it 
becomes  unreasonable  to  charge  the  Survey  collectively,  or  its  official  head,  with 
views  that  may  be  taken  by  one  of  its  members.  In  many  matters,  uniformity 
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must,  of  course,  bo  insisted  on ;  but  some  freedom  of  speculation  is  necessary  to 
the  individual  life. 

Several  considerations  of  expediency  support  these  principles  of  right.  It 
would  be  absurd  to  accept  and  publish  a  man’s  description  of  objects  or  pheno¬ 
mena  and  not  allow  him  to  expose  his  reasoning  thereon.  The  elements  of 
observation  in  geological  researches  are  not  sim2)lo,  or  to  a,ny  extent  quantitative ; 
they  can  only  bo  fairly  exhibited  when  put  together  in  argnment;  and  this 
test  is  also  needed  to  discover  the  bias  of  the  observer’s  mind,  the  coh^m’  of  his 
spectacles,  and  hence  the  value  even  of  his  plain  record  of  facts.  No  less  may 
this  public  exposure  bo  needful  to  bring  the  observer  to  his  senses.  Ignorance  or 
conceit  that  would  bo  quite  unmoved  by  individual  opinion,  may  stand  corrected 
before  a  competent  public  O23inion ;  and  the  want  of  a  critical  public  in  India  is 
perhaps  the  most  serious  obstiicle  to  our  lu’ogrcss.  In  the  absence  of  local  censors 
we  must  seek  for  them  abroad,  or  even  jiennit  some  mutual  criticism  in  our  own 
ranks.  Unfortunately  error  itself,  as  ^’resented  by  a  man  of  any  2)rofessional 
education,  is  often  under  the  protection  of  the  majority  ;  but  in  this  ca,so,  too, 
ex20osure  is  the  only  remedy.  On  the  other  hand,  coercion  and  su2)23ression 
are  fatal  to  human  energy  of  any  kind,  especially  to  the  development  of  thought ; 
and  mutual  encouragement  to  thought  should  be  the  ruling  relation  in  a  body 
of  colleagues  united  in  the  bonds  of  a  common  study. 

These  considerations  are  not  intended  to  cover  any  shirking  of  the  groat 
responsibility  that  undoubtedly  attaches  to  ray  post,  but  only  to  meet  certain  false 
views  of  what  these  duties  are.  There  are  very  special  dangers  and  difficulties 
in  the  course  I  would  take ;  notably  the  encouragement  offered  to  impostors 
by  facility  of  publication.  Men  w'ho  have  nothing  to  say  worth  listening  to  are 
often  the  most  anxious  to  come  forward ;  they  would  fain  measure  their  own 
worth  by  the  number  of  papers  or  the  amount  of  print  having  their  name 
attached, — floods  of  inane  descriptive  matter  without  a  suggestion  of  meaning  (as 
if  any  man  could  extract  positive  knowledge  fi-oni  the  observations  of  quacks),  or 
else  one-sided  2iicturos  from  the  point  of  view  of  some  foregone  conclusion. 
We  must  only  recollect  that  there  can  be  no  wheat  without  chaff  and  straw,  and 
that  the  human  mind  is  not  an  annual  that  flowers  only  once,  but  a  strong  2ilant 
that  can  bear  much  2n‘uning  and  grafting. 

The  foregoing  remarks  wdll  explain  how  the  Records  of  the  Survey  for  the 
past  year  hnvo  swelled  to  unusual  pro2iortions,  but  I  trust  that,  on  the  whole,  the 
change  has  boon  to  the  advantage  of  our  23ublic  and  ourselves. 

I  have  to  a2JologiBc  for  the  non-fulfilmont  of  a  2U‘omise  made  in  the  last  annual 
re23ort.  Inox2)eMenco  of  large  undertakings  and  a  too  sanguine  temperament 
led  me  to  ho2)e  that  the  Ma2)  and  Manual  of  the  Geology  of  India  could  be 
ready  by  the  middle  of  the  past  year,  whereas  much  still  remains  to  be  done  on 
both,  although,  with  duo  regard  to  other  necessary  work,  no  time  has  been  lost  in 
their  2n’e2)aration.  We  can,  I  think,  with  certaintj^  promise  it  for  the  middle  of 
the  current  year. 

Volume  XIII  of  the  Memoirs  was  issued  early  in  the  present  year,  with 
coloured  maps  of  two  important  areas — the  Rajmahal  hills  and  the  Wardha  valley 
coal-fields. 
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Volume  XIV,  containing  Mr.  Wynne’s  description  of  the  Salt  Range,  with 
numerous  plates  and  illustrations,  was  fully  printed  off  before  the  end  of  the  year, 
but  there  will  be  unavoidable  delay  in  its  issue  on  account  of  the  map,  which 
presents  an  intricate  piece  of  colour-printing,  and  the  lithographic  branch  of  the 
Surveyor  General’s  Office  has  been  so  much  engaged  upon  the  geological  map  of 
India  that  the  printing  of  the  Salt  Range  map  has  been  inevitably  postponed. 

I  am  glad  to  announce  that  all  the  fossil  collections  from  the  Salt  Range^ 
below  the  nummulitic  horizon,  have  been  confided  for  description  to  Dr.  Waagen, 
who  studied  the  formations  on  the  ground  and  added  largely  to  the  collections. 
As  the  Survey  has  been  so  unfortunate  as  to  lose  Dr.  Waagen’s  permanent 
services,  through  his  inability  to  endure  the  Indian  climate,  we  are  most  fortunate 
to  have  secured  his  co-operation  in  this  very  important  work,  for  which  he  is  so 
eminently  qualified. 

Of  the  Palsiostologia  Indica  three  fasciculi  were  issued  before  the  close  of 
1877 :  two  (Ser.  II,  2  and  3)  bj^  Dr.  Feistmantel  on  the  flora  of  the  Rajmahal 
group  in  the  Rajmahal  Hills,  and  near  Golapili,  in  continuation  of  the  work  by 
Dr.  Oldham  and  Professor  Morris  on  the  same  group  of  fossils,  published  in  1862. 
The  third  is  by  Mr.  Lydekker,  forming  the  second  number  of  Series  X,  devoted 
to  the  descrijition  of  the  Tertiary  Mammalia. 

Through  the  kind  serHces  of  Dr.  Oldham  in  England,  we  have  obtained  de¬ 
scriptions  by  Sir  Philip  Egerton  and  Professor  Miall  of  some  interesting  vertebrate 
fossils  from  the  Gondwana  deposits  of  Kota-Maleri.  The  printed  sheets  and 
plates  of  this  work  were  received  in  Calcutta  before  the  close  of  the  yeai’  and  have 
since  been  issued,  with  a  supplementary  note  by  Mr.  Blanford  on  the  stratigi’aphy 
and  homotaxis  of  these  deposits. 

Two  other  fascieuU  of  the  Palieontologia  were  finally  passed  for  press  before 
the  close  of  the  year  and  are  now  ready  for  issue:  one  (Ser.  XI,  2)  by  Dr. 
Feistmantel  on  the  Flora  of  the  Jabalpur  group ;  and  one  (Ser.  X,  3)  by  Mr. 
Lydekker  on  some  Siwalik  Mammalia. 

Lih7-ary. — During  the  year  1877  the  library  of  the  Geological  Survey  has 
received  an  addition  of  1,355  volumes ;  784  by  purchase  and  571  by  presentation 
or  in  exchange. 

For  the  last  three  months  the  library-room  has  been  in  gi’oat  disorder  during 
the  construction  of  a  gallery  and  additional  cases.  As  soon  as  this  work  is  com¬ 
pleted  and  the  books  arranged,  the  whole  will  bo  carefully  checked  and  compared 
with  the  manuscript  catalogue,  which  will  then  be  printed. 

Museum.  Much  progress  has  been  made  in  biinging  the  Museum  into  order. 
In  December  tbe  new  wall-cases  in  tlic  main  palaeontological  gallery  were  finished  ; 
and  they  are  now  completely  filled  with  our  standard  series  of  fo.s.sils  in  biological 
succession,  though  of  course  at  present  only  in  rough  generic  order.  The  final 
arrangement  and  labelling  of  the  specimens  on  the  shelves  will  be  a  tedious  labour. 
In  the  gallery  tor  lertiai’y  Mammalia  the  wall-cases  were  also  finished  in  December. 
Mr.  Lydekker  has  these  collections  so  well  in  hand  that  the  whole  are  now  its 
excellent  approximate  order  with  suitable  labels. 
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In  the  mineralogical  gallery  a  new  set  of  table-cases  were  provjdc'd  during  the 
past  year  for  the  minerals  and  rocks  ;  and,  thanks  to  Mr.  Mallet’s  industry,  out- 
valuable  series  of  mineral  types  is  now  laid  out  in  perfect  order.  A  valuable 
addition  to  this  collection  was  made  during  the  year  by  exchange  with  the  Mineral 
Department  of  the  British  Museum. 

Mr.  Mallet  has  also  made  much  progress  with  the  classification  of  our  collec¬ 
tions  of  economic  minerals,  both  Indian  and  foreign.  This  is  a  branch  of  our  work 
to  which  I  hope  to  direct  more  attention  than  it  has  hitherto  been  possible  to  do 
for  want  of  space. 

Series  of  rock  specimens,  both  Indian  and  foreign,  have  also  been  laid  out.  In 
the  Indian  series  we  must  for  long  be  content  with  much  apparent  disorder,  or  at 
least  temporary  grouping  and  labelling,  for  it  represents  the  current  state  and 
progress  of  the  geology  of  India,  which  is  far  from  having  approached  completion. 
The  collection  is  not  even  up  to  date,  for  hitherto  it  has  been  necessary  to  dis¬ 
courage  the  collection  of  rock  and  mineral  specimens  for  want  of  place  to  keep 
them  in. 

The  geological  galleries  of  the  Museum  have  been  open  to  the  public  since  the 
1st  January  of  this  year. 

H.  B.  MEDLICOTT, 


Calcutta, 
January  1878. 


Supdt.  of  Geological  Survey  of  India. 


List  of  Societies  and  other 
donation  or  exchange 
the  year  1877. 

Amsterdam.— 
Belfast. — ^ 
Berlin. — 

Bombay.- 

Boston.- 


Breslau.- 

Budapest.- 

Bupfalo.- 

Calcutta.- 

COPENHAGEN.- 

Davenpokt.- 

Dresdbn.- 

Dublin.- 

Edinbuegh.- 

Geneva.- 


Institidions  from  which  publications  have  been  received  in 
for  the  Library  of  the  Geological  Survey  of  India  during 

•Royal  Society  of  Batavia. 

Natural  History  and  Philosophical  Society. 

German  Geological  Society. 

Royal  Prussian  Academy  of  Sciences. 

-Bombay  Branch  of  the  Royal  Asiatic  Society. 
■American  Academy  of  Arts  and  Sciences. 

Boston  Society  of  Natural  History. 

Museum  of  Comparative  Zoology. 

-Silesian  Society  of  Natural  History. 

-Roj^al  Geological  Institute  of  Hungary. 

-Buffalo  Society  of  Natural  Sciences. 

-Asiatic  Society  of  Bengal. 

Meteorological  Survey. 

-Royal  Danish  Academy. 

-Academy  of  Natural  Sciences. 

-The  Isis  Society. 

-Royal  Irish  Academy. 

-Royal  Scottish  Society  of  Arts.  ’ 

Royal  Society. 

-Physical  and  Natural  History  Society. 
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Lausahne. 
Liverpool. 

London. — ' 


Madrid.- 

Manchester.- 

Melbourne.- 

Moscou. 
Munich. 
Munich. 
Neuchatel. 
New  Haven. 

Paris. 

Philadelphia. 

>> 

Plymouth. 

Rome. 

Roorkeb.' 
Salem.  Mass.,  U.  S.  A.- 

St.  Petersburg.' 
Sydney. 
Toronto. 
Turin. 
Vienna. 

Washington. 


Glasgow. — Geological  Society  of  Glasgow. 

,,  Glasgow  University. 

„  Natural  History  Society. 

,,  Pbilosopliical  Society  of  Glasgow. 

Vandois  Society  of  Natural  Science. 

Geological  Society  of  Liverpool. 

Literary  and  Pliilosopbical  Society. 

British  Museum. 

Geological  Society  of  London. 

Linnean  Society. 

Royal  Asiatic  Society  of  Great  Britain  and  Ireland. 
Royal  Geographical  Society. 

Royal  Institution  of  Great  Britain. 

Royal  Society  of  London. 

Zoological  Society  of  London. 

— Geographical  Society  of  Madrid. 

— Geological  Society. 

Librarv  and  Philosophical  Society. 

— Mining  Department,  Victoria. 

Royal  Society  of  Victoria. 

— Impeiial  Society  of  Naturalists. 

— Royal  Astronomical  Office. 

— Royal  Bavarian  Academy  of  Sciences. 

— Society  of  Natural  Science. 

— Connecticut  Academy. 

Editors  of  the  American  Journal  of  Science. 

— Geological  Society  of  Prance. 

Mining  Department. 

— Academy  of  Natural  Sciences. 

American  Philosophical  Society. 

Franklin  Institute. 

— Devonshire  Association. 

Royal  Geological  Society  of  Cornwall. 

— Geological  Commission  of  Italy. 

Royal  Academy. 

— Thomason  College  of  Civil  Engineering. 

— American  Association  for  the  Advancement  of  Science. 
Essex  Institute. 

— Imperiiil  Academy  of  Sciences. 

— Royal  Society  of  New  South  Wales. 

— Canadian  Institute. 

— Royal  Academy  of  Science. 

— Im[)crial  Academy  of  Sciences. 

Imperial  Ccological  Institute. 

— Department  of  Agriculture,  U.  S.  A. 

Smithsonian  Institute. 
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Washington. — United  States  Coast  Survey. 

„  United  States  Geological  Exploration  of  the  Fortieth 

Parallel. 

„  United  States  Geological  Survey  of  the  Territories. 

Wellington. — Geological  Survey  of  New  Zealand. 

„  New  Zealand  Institute. 

Yokohama. — German  Naturalists’  Society. 

Yokk. — Yorkshire  Philosophical  Society. 

Governments  of  India,  Madras,  Bombay,  and  the  Punjab ;  Chief  Commissioners 
of  British  Burma,  Central  Provinces,  Assam,  and  Mysore ;  Superintendent  of 
the  Bevenue  Surveys ;  and  the  Resident,  Hyderabad. 


Notes  on  the  geology  of  the  upper  Ooddvnri  basin,  between  the  River  Wardha  and.  the 
Godavari,  near  the  Civil  /Station  of  Sironcha,  by  Theodore  W  H.  Hughes, 
A.R.S.M.,  F.G.S.,  Geological  Survey  of  India. 

In  the  Memoir  on  the  Wardha  valley  coal-field,  an  arbitrary  lino  along  19° 
30'  north  latitude  was  adopted  as  the  southeim  limit  of  the  field,  there  being 
in  that  direction  no  definite  geological  boundary  of  contrasting  rooks  within 
the  geographical  confines  of  the  Wardha  valley.  The  same  series  and  groups, 
in  fact,  stretch  continuously  to  the  south-east  beyond  the  Wardha  field,  down 
the  adjoining  valley  of  the  Pranhita  and  that  of  the  Godavari,  for  more  than 
230  miles,  thus  making  one  great  geological  region,  embracing  a  large  portion 
of  the  drainage  area  of  three  distinct  and  important  rtvers.  This  region, 
which,  towards  the  north,  has  mainly  been  surveyed  by  Mr.  Fedden  and 
myself,  has,  towards  the  south,  been  under  Mr.  King’s  care.  We  have  now 
brought  our  leading  geological  line.s  from  each  side  to  the  Godavari  river,  and 
there  only  remains  the  work  of  investigating  the  slight  difference  that  must 
neoessai’ily  have  arisen  when  observers  start  from  widely  separated  points. 
This  duty  Mr.  King  undertakes  next  season. 

My  most  recent  field  notes  refer  to  the  district  between  the  Wardha  valley 
and  the  Godavari  (from  Naspur  to  Sironcha),  an  area  that  ha.s  up  to  this  time 
been  only  cursorily  examined. 

I  was  able  to  distinguish  in  descending  order  the — 

Trap  series — 

Cliikiala  group 

Kota-Maleri  „ 

Kamtlii  „ 

Barakar  „ 

Talehir  „ 

Vindhyan  series. 

Metamorpliic  series. 

A. — Metamorphic  and  Vindhyan  Series. 

The  rocks  of  the  mctamorphic  series  were  found  always  exterior  to  the 
Gondwana  area.  With  one  exception  this  is  also  the  case  with  the  Vindhyans  ; 
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from  Mctindani,  in  the  north-west,  to  Berda  they  are  the  fringing  rocks ;  again, 
from  Kairgura  to  Nas^jur,  and  from  Miithighram,  on  the  Pranhita,  to  the  neigh- 
houi'hood  of  Bijor.  Near  Chinur,  however,  there  is  an  inlicr  of  Vindhyans  of 
several  square  miles  in  extent. 

On  the  east  and  the  north  sides  of  this  inlicr,  the  Gondwanas  appear  to  rest 
naturally  on  the  Vindhyans  ;  hut  on  the  west  face  the  former  are,  I  think,  faulted 
against  the  latter,  us  no  gTOup  of  older  age  than  the  Kota-Maleri  is  seen  in  that 
direction,  whereas,  on  the  Chinur  side  of  the  inlier,  Talchirs  occur,  and  at  the 
same  surface  level.  The  alternative  supjiosition  that  the  contact  of  the  Kota- 
Maleris  and  the  Vindhyans  is  an  original  one — aU  the  older  groups  of  the  Gond- 
wanas  having  thinned  out — is  highly  improbable  in  face  of  this  fact  of  similarity 
of  surface  level ;  and  there  seems  to  me  to  be  further  proof  of  the  fault  in  the 
Godavari  itself,  where  the  Kota-Maleris  are  in  contact  with  the  boulder  bed  of  the 
Tillchir  group, — high  and  reverse  dips  being  visible. 

It  was  impossible  to  trace  the  fault  in  a  north-west  direction  beyond  tho 
vicinity  of  the  inlier,  but  on  the  map  I  have  indicated  a  probable  course. 


B.— Goxdwana  System. 


7. — Tdlchir  Group. 

This,  the  lowest  group  of  the  GondwSna  system,  occupies  a  long  bolt  of  ground 
along  the  western  border  of  the  Gondwana  area ;  a  small  strip  near  Chinur  ;  and 
a  few  little  patches  elsewhere. 

Its  characteristic  features  are  well  seen  in  many  sections,  but  the  needle  .shales, 

„  ,  ,  .  .  instead  of  beinc:  the  most  prominent  rocks,  are  quite 

Needle  shales  not  prominent.  .  °  ^ 

.subordinate  to  the  sandstones.  It  was  rare  indeed 

lo  meet  with  any  of  the  former.  The  boulder  bed,  however,  is  strongly  developed, 
and  in  some  places  is  the  only  representative  of  the  group.  This  is  so  in  the 
case  of  the  tittle  patch  of  Talchirs  near  the  boundary  of  the  Vindh3-ans  north  of 
Naogaon.  The  boulder  bed  is  conspicuouslj'  exjiosed  in  the  vicinity  of  Madoiam, 
and  near  Tandiir;  and  moi’e  or  less  continuously  from  Kfisipur  to  Naspiir.  In 
the  Codavari  river,  it  is  seen  on  the  right  bank  near  Sandrapali.  Many  of  the 
boulders  arc  of  gneiss  and  of  enormous  size,  but  the  generality  are  small,  and 
consist  mainly  of  Vindhj  an  shales,  limestones,  and  sandstones. 

It  is  easy  to  trace  the  extension  of  the  Talchirs  northwards  in  the  direction 
of  Chinur  by  means  of  the  boulders  strewn  on  the  surface ;  manj"  of  the  blocks 
being  of  gneissose  and  granitic  composition.  Such,  nhen  met  with,  maj',  I 
tinoiss  boulders  indicative  of  think,  unhesitatingly  be  accepted  as  signs  of  the 
Tnlcliir  formation.  Talchir  group,  not  a  single  instance  of  their 

occurrence  in  anj'  of  the  other  groups  of  the  Gondwana  .sj'stem  having  ever  come 
within  tho  range  of  inj'-  t'xperience.  The  doubts  that  assailed  me  as  to  the  true 
horizon  of  the  boulder  hod  when  1  first  noticed  it  near  Sandrapali  were  dispelled 
so  soon  as  I  discovered  gneiss  and  granite  boulders! 

'ITie  boundaries  of  the  Talchir  group  are  almost  everj'where  those  of  original 
contact ;  Imt  in  the  neighbourhood  of  Kasipur,  and  between  that  village  and 
Akiiiipaii,  there  are  several  faults.  The  most  distinct  of  them  i.s  the  one  that  I 
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have  indicated  as  being  jjrobably  the  continuation  of  the  fault  along  the  west  face 
of  the  Vindhyan  inlier  near  Chinur.  It  is  very  plainly  seen  a  few  yards  below 
the  junction  of  a  small  stream  with  Ihe  river  shown  on  the  map  ns  flowing  from 
the  direction  of  Batwanpali  towards  Kasijjiir.  The  dip  of  the  Talchirs  is  in  con¬ 
trast  with  that  of  the  Vindhyans,  the  latter  vaiying  between  20°  to  40°  east  of 
north,  that  of  the  former  being  north-westerly. 

I  have  not  been  able  to  trace,  as  closely  as  I  could  have  desired,  the  limits  of 
the  Talchirs  between  Sarangpali  and  Naspiir.  Amongst  the  causes  that  prevent¬ 
ed  me  from  so  doing,  the  most  trying  difficulty  to  encounter  was  the  real  or  pre¬ 
tended  incompetency  of  the  guides.  They  could  direct  me  from  their  own  village 
to  the  next  one  so  long  as  I  kept  on  the  main  road,  but  if  I  A’entured  to  strike 
into  the  jungle,  troubles  at  bnce  commenced,  a  cloud  of  incomprehension  settled 
on  them,  and  to  every  question  regarding  distances,  relative  positions  of  rivers, 
hills  and  villages,  I  received  one  constant  answer  “  Yerln  lecht,”  “don't  know.”  It 
may  be  that  the  tendency  of  the  people  (Gronds  and  Kolams)  to  change  their 
place  of  habitation  at  short  intervals,  prevents  them  from  becoming  acquainted 
with  more  than  a  circumscribed  area,  around  their  temporary  houses,  but  on  many 
occasions  I  suspected  that  ignorance  was  affected  in  order  to  avoid  possible  com¬ 
pulsory  service  of  unknown  duration. 

In  addition  to  the  infliction  of  unqualified  or  unwilling  guides,  supplies  were 
difficult  to  procure,  villages  being  small  and  far  apart,  and  a  more  than  usually 
large  number  being  deserted ''  owing  to  the  want  of  water,  there  having  been 
a  failure  of  rain  in  the  monsoon. 

The  map  was  a  most  unreliable  source  of  reference  in  many  instances.  For 
Map  unreliable  near  Sarang-  example,  near  Sarangpali,  the  large  river  west  of 
'  the  village  is  shown  as  being  distant  about  a  mile, 

whereas  in  reality  it  is  nearly  three  miles  away.  And  the  river  east  of  Sarang¬ 
pali,  instead  of  rising  in  the  neighbourhood  of  Yenkatapuram,  takes  its  origin  near 
Sarangpali.  The  error  in  placing  the  large  river  west  of  Sarangpali  so  close  to 
the  village,  has  thrown  my  boundary  line  entirely  out,  and  I  have  had  to  reduce 
the  real  breadth  of  the  Talchir  exposure  by  at  least  three-quarters  of  a  mile. 

I  failed  to  discover  any  organic  remains,  although  I  occa,sionally  made  very 
diligent  search  in  places  where  I  hoped  success  might  reward  my  labours.  That 
the  Talchii's  contain  several  plant  forms  has  been  demonstrated  by  Dr.  Feist- 
mantel,  and  I  was  extremely  anxious  to  collect  a  few  specimens  from  the  upper 
Godavari  area,  in  order  to  compare  them  with  the  flora  of  our  Bengal  fields. 

II. — Bardhar  Group. 

The  lithological  features  of  this  group  are  quite  as  characteristic  here  as  in 
the  Wardha  valley,  and  there  is  no  difficulty  in  recognising  the  formation  where 
there  is  a  fair  exposure  of  it.  But  the  drawback  to  identifying  it,  and  ti-acing  its 
boundaries,  is  the  fact  of  the  veiy  incomplete  sections  that  one  has  the  opportunity 
of  examining.  It  will  be  seen  by  looking  at  the  map  that  no  Barakai's  are  shown 


'  It  in  tlie  wont  of  the  Gronds  and  Kolams  to  leave  their  homes  in  the  warm  season  for  service 
with  the  proprietors  of  villages  whose  lands  are  more  fertile  and  better  cultivated  than  their  own. 
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overlying  tte  Talchirs  between  Kfisipiir  and  Tetmatla  on  the  left  bank  of  the 
Godavari.  Now,  I  am  by  no  means  prepared  to  assort  that  Barakars  do  not 
occur  exposed  at  the  surface,  but  in  the  absence  of  a  single,  section  to  which  I  can 
refer  as  yielding  undoubted  evidence  of  the  pre.sence  of  Barakar  strata,  I  have 
preferred  to  suppress  the  probable  boundary  lines  which  it  would  have  been 
easy  for  me  to  indicate.  The  more  so  also,  as  perhaps  an  erroneous  impression 
might  have  been  conveyed  respecting  the  possible  existence  of  coal. 

Actual  coal  outcrops  occur  only  in  a  few  places.  There  are  none  in  the  small 
patch  of  Bardkars  overlying  the  Talchirs  north  of  Naogaon.  But  in  the  belt 
of  rocks  extending  from  Kairgura  to  Tandur  and  onward,  there  are  several  ex¬ 
posures  of  coal. 

The  most  northerly  of  these  is  one  near  Kairgura.  The  seam  is  seen  in  the 

„  ,  .  right  bank  of  the  river  that  flows  past  the  village 

Coal  seam  near  Kairgura.  ■  j-  ,.  r  ni,-  -  x  r  a  xn 

in  the  direction  of  Chirakunt,  a  tew  yards  north 

of  the  Tirani  road  ghat.  Only  a  portion  of  its  total  thickness  is  visible. 

Descending,  the  section  is  : — 


Coal 

Carbonaceous  shale 
Coal 

Carbonaceous  shale  and  coal 


.  3'0" 
.  0''8" 
.  0'-7'' 


The  dip  is  a  little  east  of  north,  at  an  angle  of  15°. 

In  a  small  stream,  east  of  the  main  river  and  tributary  to  it,  a  much  clearer 
section  of  the  seam  is  exposed,  and  its  entire  thickness  is  15  feet.  Most  of  it 
is  coal,  and  much  of  it  of  fair  quality.  The  average  composition  is,  according  to 
an  assay  made  by  Mr.  T.  H.  Turner,  the  Assistant  Curator  of  our  Museum, — 


Volatile  matter  (moisture  9’4  per  cent.)  ....  42'2 
Fixed  carbon  .......  45'6 

Ash  ........  12-2 


1000 


Like  the  coal  of  the  Wardha  valley,  and  those  of  the  several  Goditvari  fields, 
there  is  a  large  amount  of  moistui’e  in  this  sample.  The  fixed  carbon  is  some¬ 
what  deficient,  but  the  proportion  of  ash  compares  favorably  with  the  standard  for 
ordinary  Barakar  coals.  Underlying  the  seam  is  sandstone  identical  with  that 
which  in  the  Wardha  valley  I  have  described  as  “nodular  sandstone,”  and  which 
there  always  occupies  a  position  immediately  or  almost  immediately  (argillaceous 
shale  sometimes  intervening)  under  tho  coal.  In  the  area  that  I  am  now 
describing,  this  kind  of  sandstone  is  constant  in  such  sections  as  are  exposed, 
and  I  would  accept  it  as  an  almost  sure  sign  of  coal. 

There  are  no  Talchirs  sc-en  below  the  Barakars,  in  the  river  or  elsewhere  near 
Kairgura,  the  former  being  overlapped  by  the  latter,  which  here  rest  naturally 
upon  the  Vindhyans. 

Tho  next  outcrop  of  coal  that  I  met  with  was  about  half-way  between 
Coal  outcrop  between  Kair-  Kairgura  and  Abupiir.  I  look  upon  it  as  being  the 
gfira  and  Abapur.  extension  of  the  Kairgura  scam  in  a  south-easterly 

direction.  At  the  surface  it  shewed  a  diminished  section,  being  only  5  feet, 
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instead  of  15  feet  thick.  It  is  probable,  however,  that  when  sunk  into,  an  increase 
will  be  proved.  The  quality  of  the  coal  appears  to  he  the  same  as  that  at 
Kairgura,  and  it  possesses  the  same  tendency  to  split,  after  exposure  to  the  air 
for  a  short  time. 

Another  outcrop  of  this  seam  may  be  seen  in  the  branch  stream  of  the 

Outcrop  near  Guloti.  ibapdr.  It  is,  as  usual, 

near  the  top  of  the  group,  and  is  underlaid  by  very 
typical  nodular  sandstone.  There  is  no  other  section  in  which  the  Barakars  are 
so  fairly  exposed  as  in  this  one ;  and  all  the  rocks  arc  sufficiently  characteristic 
to  render  their  determination  a  matter  of  ease.  The  total  thickness  of  the  seam 
measurable  is  9  feet.  The  direction  of  its  dip  is  north  20°  east,  and  angle 
of  inclination  11°. 

I  met  with  no  other  outcrops  of  coal,  except  the  three  mentioned  above ;  but 
the  fact  that  coal  occurs,  and  is  visible  at  intervals  over  a  length  of  seven  miles 
of  country,  makes  it  highly  probable  that  it  is  continuous  throughout  the  belt  of 
Bore-hole  positions.  Barakars  from  Kairgura  to  Akniipali.  To  test  this 

point,  bore  holes  may  be  put  down  anywhere  near  the 
junction  of  the  Kamthis  and  Barakars,  some  allowance  being  made  for  overlap,  for 
here,  as  in  the  Wardha  valley,  the  former  creep  over  the  shore  edges  of  the  latter. 

From  Aknapali  to  Tetmatla,  there  are  no  Barakars  shown  upon  the  map.  As 
I  have  already  said,  I  am  not  prepared  to  maintain  that  they  are  absent,  but  I 
did  not  come  across  a  single  section  which  satisfied  me  that  the  rocks  I  saw  were 
Sandstones  resembling  Bara-  those  of  the  Barakar  gi’oup.  Near  T6tmatla  there 

are  sandstones  which  at  first  sight  are  somewhat 
difficult  to  discriminate  from  Barakars.  In  colour  and  textui’o  and  composition 
they  are  undistingmshablo,  but  their  method  of  weathering  is  different.  They 
have  rounded  outlines,  and  they  have  lost  the  distinctness  of  their  linos  of 
stratification  a  feature  not  usually  observable  in  the  Barakars,  but  common  in 
the  Kamthis.  I  have  accordingly  placed  them  in  the  latter  group. 

Although  Barakars  are  not  seen,  it  is  quite  possible  that  coal  exists,  and  I 

Borings  recommended.  Sdrdngpali,  Tenkatdpurara, 

and  Tetmatla  as  being  likely  to  prove  successful  in 
the  event  of  borings  for  coal  being  undertaken.  In  the  river  east  of  Tdtmatla, 
about  500  or  600  yards  above  its  junction  with  the  Godavari,  there  are  some  very 
promising  Kamthi  sandstones,  and  a  hole  of  300,  or  at  the  most  400  feet,  ought  to 
strike  coal  if  it  occur. 

The  only  other  remaining  Barakars  in  the  field  that  I  could  recognise  occupy 
a  narrow  strip  of  country  extending  from  Chinur  to  Sandrapali.  That  these  rocks 
are  of  Barakar  age,  is  testified  by  their  well-marked  lithological  characters  ;  and 
in  the  Godavari  the  nodular  sandstone  is  a  prominent  and  specific  indicator  of 
the  group.  The  thickness  of  the  entire  series  of  beds  is  under  200  feet.  There 
is  no  outcrop  of  coal,  but  the  sandstone  immediately  under  coal  occurs  at  the 
Probable  occurrence  of  coal  mouth  of  the  Sandrapali  stream,  and  a  boring  in 
at  Sandrapali.  right  bank  of  the  Godavari,  a  little  below  the 

union  of  the  two  rivers,  will  in  all  likelihood  strike  coal,  within  a  moderate  depth 
from  the  surface.  I  found  large  fragments  of  coal  in  the  bed  of  the  Godavari 
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opposite  Pdlgilla,  and  I  traced  tliom  up  to  within  a  mile  or  so  of  Sandrapali. 
This  discovery  was  additional,  and  very  satisfactory,  evidence  of  the  existence  of 
coal  somewhere  in  the  neighhonrhood  of  Sandrapali,  and  I  have  no  douht  what¬ 
ever  that  the  site  I  have  recommended  for  a  bore  hole  is  a  spot  w'hich,  when 
tested,  will  justify  the  anticipations  that  my  observations  have  given  rise  to. 

Two  of  the  pieces  of  coal  that  I  picked  up,  I  sent  to  the  Tahsils  of  Chinur 
and  Madapiir  to  be  deposited  there  and  shown  to  such  as  might  be  interested  in 
mining  matters,  and  w'ho  perchance  would  pay  a  visit  to  Sandrapali  on  hearing 
of  the  likelihood  of  coal  being  found  in  the  vicinity. 

Measuring  as  the  crow  flies,  Sandrapali  is  only  six  miles  from  Sironcha,  a 
station  that,  by  the  completion  of  the  Godavari  navigation  scheme,  would  be 
brought  into  communication  with  the  coast  line  of  the  Bay  of  Bengal.  In  the 
event  of  steamers  plying  up  and  down  the  river,  it  would  bo  a  convenient  dep6t 
for  coal,'  with  the  advantage  of  being  in  British  and  not  foreigm  territory. 

Some  thirty  years  ago,  hope  and  rumour  pointed  to  Kota,  a  fortified  village  on 
Expectation  of  coal  at  Kota  the  left  bank  of  the  Pranhita,  four  miles  above  Siron- 
not  realised.  likely  locality  for  coal.  The  expectation 

was  never  realised,  but  it  is  somewhat  interesting  to  know  that  if  efforts  had  been 
guided  to  an  almost  equal  distance  from  Sironcha,  and  in  a  direction  opposite  to 
Kota,  coal  might  perhaps  have  been  discovered. 

The  question  of  availahle  fuel  near  Sironcha  is  not  of  such  moment  with 
reference  to  the  requirements  of  a  railway,  supposing  the  Wardha  Valley  State 
line  to  be  pushed  on  in  the  direction  of  Haidardbud.  Such  extension  would 
probably  follow  a  course  that  W'ould  render  the  localities  at  which  outcrops  have 
been  mentioned,  or  the  spots  where  borings  have  been  recommended,  more  con¬ 
venient  centres  of  supply. 

That  coal  occui’s  at  Sandrapali  is,  of  course,  only  a  supjiosition,  but  a  suppo¬ 
sition  that,  according  to  my  belief,  is  veiy  little  removed  from  a  certainty,  and  as 
a  shallow  boi’ing  or  two  will  suffice  to  set  doubts  at  rest,  I  would  advise  early 
Boring's  at  Sandrapali  ad-  action  in  the  matter  to  be  taken.  With  positive 

knowledge  of  the  existence  of  coal,  instead  of  a 
hypothetical  basis  to  go  upon,  schemes  depending  upon  the  accessibility  of  coal 
within  given  limits  may  probaby  bo  brought  to  an  issue. 

To  my  knowledge  there  are  no  Bardkars  in  the  valley  of  the  Pranhita,  and 
I  was  unable  to  recognise  any  along  the  north-east  boundary  between  Mutlagtiram 
and  Kirmiri. 

Ill- — Kdmthi  Group. 

In  the  determination  of  this  group,  I  have  been  mainly  guided  by  my  ex¬ 
perience  of  it  in  the  Wardha  valley  coal-field.  At  the  base,  we  there  had  a 
series  of  sandstones  usually  coarse-grained,  porous  and  friable,  and  slightly 
yellow,  reddish-brown  or  grey  in  colour ;  above,  more  compact  sandstones.  The 
character  of  the  sandstones  at  the  base  is  'what  I  wash  to  draw  attention  to,  for 
in  several  places  in  the  area  that  I  am  describing  in  this  paper,  I  have  depended 
Porous  saiidstoucs,  typical  upon  the  porosity  of  the  sandstones  for  the  correct. 

ness  of  my  assignment,  but,  of  course,  it  must  be 
understood  only  when  the  sandstones  exhibiting  this  feature  were  at  such  an 


PART  1.] 


Hughes  :  Geology  of  the  upper  Goddvari  basin. 


23 


horizon  that  the  analogy  with  the  Wardha  valley  might  be  quoted  to  justify 
my  having  done  so. 

As  specific  rocks  in  the  higher  portion  of  the  group,  I  have  accepted  the 
compact  argillaceous  shales  and  sandstones  of  deep  red,  buff  and  pale  purple 
colours,  they  being  very  characteristic,  both  in  the  district  from  which  the  Kam- 
this  derived  their  name,  and  in  the  W ardha  valley. 

The  mapping  of  the  Kamthis  has  been  beset  by  the  same  difficulties,  ari.sing 
from  imjjerfection  of  sections,  &e.,  as  were  experienced  in  the  case  of  the  Talchirs 
and  Barakars.  The  aspect  of  the  strata  composing  the  Kamthi  group  being 
also  much  more  diversified,  it  was  not  always  that  one  could  vouch  so  positively 
for  the  correctness  of  one’s  determinations  of  isolated  rocks  as  in  instances  where 
Talchirs  and  Barakars  were  concerned.  There  is  not  the  sameness  in  the  Kamthi 
group,  as  in  the  other  two,  and  it  was  alway^s  necessary  that  one  should  be  pre¬ 
pared  to  receive  as  a  portion  of  its  series  a  bed  of  uncei'tain  aspect. 

The  lower  boundary  of  the  Kamthis  may  be  accepted  as  fairly  accurate  througb- 
Lower  Wclary  of  group  out,  but  tho  upper  is  open  to  possible  correction  Mr. 
fairly  accurate;  upj)er  boumUiry  King  and  myself  differ  slightly  aS  to  what  shall  be 
questionable.  considered  the  limit  to  the  Kamthi  group.  In  his 

paper,  contributed  to  the  Records  of  the  Survey  (Vol.  X,  page  55,  1877)  he 
introduces  between  the  Kamthis  and  the  Kota-Maleris,  a  group  consisting  prin¬ 
cipally  of  sandstones,  which  he  names  after  the  town  of  Sironcha.  I  see  no 
necessity  for  establishing  this  group.  The  sandstones  from  Sandrapali  to  tho 
junction  of  the  Godavari  and  the  Pranhita  at  any  rate  are  undoubtedly'  Kum- 
this  ;  and  sandstones  differing  in  no  respect  from  those  opposite  Sironcha  are 
to  be  found  above  what  I  imagine  to  be  beds  of  undisputed  Kota-Maleri  age. 
One  of  the  chief  reasons  for  the  elevation  of  the  Sironcha  sandstones  into  a 
separate  group  was  founded  upon  an  eri’oneous  observation  which  modified  a 
case  of  oblique  lamination  into  one  of  unconformity.’  On  re-oxamination,  this 
season,  of  the  section  (which  Mr.  King  and  I  on  the  first  occasion  visited 
together)  where  we  foimerly  thought  ourselves  justified  in  concluding  that 
there  was  a  slight  unconformity  in  the  succession  of  the  beds,  I  saw  reason  to 
change  my  opinion.  Referring  the  point  to  Mr.  King  for  his  judgment,  he,  after 
inspecting  the  section  again,  agreed  with  me.  As  therefore  there  is  no  break, 
I  am  inclined  to  throw  the  boundary  of  the  Kamthis  more  to  the  north  and  east, 
thus  subtracting  a  considerable  thickness  of  beds  from  the  Sironcha  group.  It 
is  quite  true,  as  Mr.  King  remarks,  that  opposite  Sironcha  the  sandstones  differ 
in  many  points  from  those  of  the  country  to  the  south  (and  north-west).  “They 
are  micaaeoiis,  thick  and  thin-bedded,  harsh,  even-textured,  grey  and  brown 
sandstones,  but  they  at  the  same  time  contain  fragments  of  buff  and  pink 
shales.”  On  lithological  grounds  I  think  they  are  separable  from  the  Kamthis, 
and  so  far  I  agree  with  Mr.  King,  but,  instead  of  isolating  them,  I  would  place 
them  with  the  Kota-Maleris. 

The  leading  characteristics  of  the  Kamthis  within  the  limits  of  my  work, 
correspond  with  those  already  set  forth  in  the  first  place  by  Mr.  Blanford, 
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and  in  tlie  second  place  by  myselfd  It  seems  to  me  unnecessary  tliereforo 
to  repeat  them  in  a  special  paragraph,  the  purpose  of  this  paf)er  being  satisfied 
if  I  allude  to  them  incidentally  while  describing  the  distribution  of  the  group. 

The  most  northerly  rocks  are  those  which  form  the  extension  southward  of 
the  Karathi  area,  the  description  of  which  in  the  Memoir  of  the  Wardha  valley 
ended  at  the  arbitrary  boundary  of  19°  30'  north  latitude. 

The  bottom  coarse-grained,  porous  and  friable  sandstones  are  very  well  ex¬ 
posed  in  the  river  flowing  past  Merpali  in  the  direction  of  Sirpiir,  and  along 
the  west  boundary  generally  they  are  clearly  seen.  They  rest  upon  Vindhyans 
as  far  south  as  Chitakiinta. 

The  upper  rocks,  consisting  of  fine-gmined,  compact  sandstones ;  granular, 
brown,  ferruginous  sandstones  ;  and  coarse,  white  and  grey,  felspathie  sand.stones, 
constitute  high  land  noi-th  and  south  of  the  Merpali  river.  They  are  gradually 
overlapped  by  the  Kota-Maloris  as  they  extend  southward,  and  where  the  bound¬ 
ary  turns  to  the  west,  there  is  a  great  decrease  in  the  thickness  exposed.  A 
moderately  fair  section  of  the  Kiimthis  is  seen  in  the  Jangaon  river,  and  near 
Dabagur  there  is  a  thin  bed  of  slightly  carbonaceous  shale.  It  is  so  very  rare  to 
meet  with  anything  at  aU  approaching  carbonaceous  shale  in  the  Kamthis,  that 
I  notice  its  occuiTenco  in  the  present  instance  as  being  an  unusual  circumstance. 
Above  Dabdgur,  towards  Rajur,  there  are  some  red  clays  associated  with  the  sand¬ 
stones,  and  this  gives  some  ground  for  suggesting  that  the  determination  of  these 
as  Kamthis  is  incorrect ;  and  that  they  ought  to  bo  placed  amongst  the  Kota- 
Mal6ris.  Red  clays  are  certainly  very  common  amongst  the  Kota-Maleris, 
and  especially  so  in  the  Jangaon  valley,  but  the  sandstones  with  which  the 
red  clays  in  question  occur,  ai*e  not  of  the  Kota-Maleri  type,  but  resemble  closely 
some  of  the  sandstones  of  the  lower  series  of  the  Kamthis.  South  of  the 
Jangaon  river  the  Kamthis  appear  in  their  greatest  force  and  stretch  for  50 
continuous  miles  from  Ohirakunt  to  the  banks  of  the  Godavari.  All  the  different 
varieties  of  sandstones  that  the  group  possesses  are  represented :  the  compact  grits 
bi-caking  with  a  conchoidal  fracture,  the  blotchy  sandstones,  the  fen-uginous 
sandstones,  the  porous  sandstones,  &c.,  The  middle  and  the  upper  sandstones 
form  a  good  deal  of  high  land.  Towards  the  base  of  the  principal  range  of  hills 
extending  from  hr6mur  to  Kansapet  compact  argillaceous  sandstones  occur. 
These  are  very  characteristic  rocks  of  the  Kamthi  gi'oup,  but  they  are  by  no 
means  of  such  frequent  occurrence  in  the  GodSvari  area  as  they  are  a  hundred 
miles  further  to  the  north. 

Looking  at  the  map,  it  will  be  seen  that  in  the  Godavari  river  above  San- 
drapali,  I  have  mar-ked  the  upper  limit  of  the  Kamthi  group  as  being  near 
Arcnda.  By  this  assignment,  the  rocks  that  Mr.  King  distinguished  as  Tarcherla 
sandstones  (from  a  village  12  miles  to  south-south-w'est  of  Arenda)  are  brought 
wdthin  the  embrace  of  the  Kamthi  area.  I  believe  the  evidence  as  to  the  true 
position  of  these  Tdrcherla  sand, stones  further  to  the  south  is  somewhat  obscure, 
it  being  possible  indeed  to  infer  that  they  are  lower  in  the  series  than  the 
Kiimthis.  Unless  the  rendering  of  the  Godavari  section,  howmver,  has  boon 
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complicated  by  faulting  that  I  have  overlooked,  the  Tarcherla  sandstones  are,-  I 
think,  more  properly  placed  with  the  Kamthis  than  below  them. 

Eocks  that  I  consider  to  be  Kamthis  occur  east  of  Chiniir,  and  overlie  the 
Barakars  at  Sandi-apali.  The  porous  type  sand¬ 
stones  are  exceptionally  well  develojjed  near  Chin- 
talapur,  wliere  they  form  a  low  ridge  striking  north-west  and  south-east.  The 
more  compact  varieties  are  best  seen  in  the  direction  of  Kotapali.  The  upper 
boundary  as  marked  by  me,  near  Sironeha,  is  open  to  question,  for  the  reason 
already  pointed  out,  that  Mr.  King  is  inclined  to  introduce  a  group  between  the 
Kamthis  and  the  Kota-Maleris.  To  the  introduction  of  this  group  I  am  some¬ 
what  opposed,  the  grounds  for  the  separation  being  to  my  mind  insufficient. 


IV. — Kota-Maleri  Group. 

Overlying  the  Kamthi  group  are  the  Kota-Maleri  beds,  made  up  largely  at 
the  base  of  red  and  green  clays ;  fine-grained,  speckly-grey  sandstones ;  open 
mottled  purple  or  red  and  white  sandstones ;  thick-bedded  white  sandstones, 
with  coarse  gravel  scattered  through  it  in  parts  or  occuiring  in  ill-defined  runs ; 
soft  and  somewhat  unctuous  .sandstones  of  various  colours ;  and  pisolitic  argilla¬ 
ceous  sandstones  and  grits :  most  of  these  lower  sandstones  contain  clay  galls. 
The  clays,  and  moi'e  especially  the  red  ones,  are  the  most  conspicuous  beds  of 
the  group,  and  at  the  same  time  form  a  very  striking  feature  in  the  surface 
aspect  of  the  country.  Over  considerable  areas,  nothing  but  red  soil  is  to  be 
seen,  and  for  many  miles  between  Bibra  and  Nakalapali,  on  the  high  road  to 
Sironeha  from  Chanda,  this  is  the  predominant  colour. 

The  clays  are  by  no  means  constant  in  thickness,  their  most  profuse  development 
being  in  the  west  and  the  north-west  division  of  the  map.  In  the  section  exposed 
by  the  Pranhita,  the  proportion  they  bear  to  the  other  rocks  of  the  group  is  small. 

Clays  are  not  so  abundant  high  up  in  the  series  as  at  the  lower  horizons. 

The  dip  of  the  Kota-Maleri  group  is  in  conformity  with  that  of  the  under¬ 
lying  series  both  in  the  Godfivari  and  Pranhita  sections,  but  the  unconformity 
of  overlap  becomes  evident  when  the  lower  boundary  is  followed  for  some  dis¬ 
tance.  In  the  Memoir  on  the  Wardha  valley,  I  pointed  out  that  this  was  the  case, 
and  the  testimony  is  repeated  here. 

Associated  with  the  clays  are  the  limestones  at  Kota,  from  which  the  fish 
Lep'idotus  and  Dapedius  were  obtained.  At  Kota  the  limestones,  like  the  clays, 
are  not  of  con.spicuous  thickness ;  but,  like  the  latter,  they  become  much  more 
prominent  members  of  the  series  towards  the  north-west;  and  near  Bimpur  and 
Itial,  36  miles  from  Kota,  they  form  a  well-marked,  though  low  hill  range.  That 
the  limestones  so  abundantly  developed  in  the  north,  and  there  attEiining  a 
thickness  of  over  100  feet  at  the  least  computation,  are  the  continuation  of  the 
few  feet  seen  at  Kota,  is,  I  think,  a  point  fairly  established  by  the  likeness 
that  the  rocks  bear  to  each  other,  and  by  the  discovery  of  fish  scales  at  Itial 
similar  to  those  found  at  Kota. 

I  was  not  able  to  trace  them  much  beyond  the  vicinity  of  Itial,  but  in  the 
other  direction,  and  the  further  side  of  Kota,  Mr.  King  succeeded  in  picking  them 
up  in  the  Godavari. 
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With  reference  to  the  clays  at  Maleri,  in  which  were  obtained  teeth  of  the  fish 
Ceratodus,  and  remains  of  the  reptiles  Parasuohus  and  H'ljperodapedon,  the  Itial 
limestones,  and  consequently  the  Kota  limestones  are  higher  in  the  series.  To  this 
circumstance  I  attach  no  stronger  significance  than  that  of  local  supei’-position, 
for  clays  and  sandstones  similar  to  those  below  the  limestones  occur  above  them, 
and  the  evidence  appears  to  me  insufficient  to  justify  the  separation’  of  the  red 
clays  and  sand.stonea  of  Maleri  from  the  red  clays  and  sandstones  above  the  Kota 
limestones.  The  circumstance,  that  hitherto  none  of  the  Kota  fish  have  been  found 
at  Maleri  and  none  of  the  Maleri  forms  at  Kota,  may  be  said  to  be  suggestive  of 
separation  ;  and  as  the  relative  position,  in  which  the  organic  remains  occur,  is  in 
accord  with  the  experience  of  European  research  {Paramclms,  &c.,  occurring  in 
older  strata  than  Lepidotus,  &c.),  there  is  an  additional  reason  for  suspecting  a 
break  in  the  deposition  of  the  Kota-Maleri  group.  Considering,  however,  how 
limited  have  been  our  efforts  in  search  of  organic  remains,  it  is  premature  to 
give  much  force  to  the  negative  evidence  that  lies  before  us  on  this  point ;  and 
T  cannot  see  how  European  analogy  affects  in  a  decisive  manner  the  grouping 
of  beds  in  India  that  are  identical  in  composition  and  appearance,  and  amongst 
which  no  unconformity  in  its  strict  meaning  occurs.  It  may  be  that  the  com¬ 
ponent  strata  of  the  Kota-Maleri  group,  being  fluviatile  formations,  there  was 
changing  distribution  of  deposits,  giving  rise  to  irregular  beds, — as,  for  instance, 
the  very  clays  and  limestones  that  we  have  been  alluding  to;  but  this  is  quite 
in  accord  with  the  known  character  of  deposits  formed  under  the  conditions 
supposed  to  have  then  existed  in  the  Kota-Maleri  area,  and  is  no  proof  of  un¬ 
conformity. 

In  the  Maleri  clays,  the  fossil  remains  most  commonly  found  are  those  of 
Hyperodapedon  and  ParasueJms.  I  have  succeeded  in  extending  the  area  of  their 
occurrence  over  a  large  portion  of  the  Kota-Maleri  country.  One  of  the  localities 
where  they  are  found  is  Agrezpali,  4  miles  south  and  a  little  west  of  Chinur^ 
in  clays  which  are  high  in  the  series,  and  presumably  much  higher  than  the 
Kota  limestone  horizon.  But  on  this  point  I  cannot  insist,  as  owing  either  to  the 
imperfection  of  the  sections  in  the  Godavari  and  its  valley,  or  to  the  absence  of 
the  limestone  band  in  this  direction,  I  failed  to  get  direct  evidence  of  the  position 
of  the  clays  relative  to  the  limestone. 

Though  this  failure  is  to  be  regretted,  the  probability  is  suggested  that 
amongst  the  clays  above  the  Kota  limestone  similar  reptilian  remains  to  those  met 
with  in  the  Maleri  clays  may  be  found.  Should  this  likelihood  be  converted  into 
reality,  the  objection  that  may  be  founded  upon  the  pi’esent  evidence  and  Euro¬ 
pean  analogy  to  the  incorporation  of  the  clays,  &c.,  above  and  below  the  Kota 
limestones  in  one  group  would  be  removed. 

The  higher  portion  of  the  Kota-Maleri  group  is  not  so  characterised  by  clays 
as  the  lower.  It  is  chiefly  made  up  of  sandstones,  the  most  typical  of  which  are 
coarse  and  loosely  compacted  .sandstones  of  various  colours,  with  broken  runs  of 
buff  and  pink  shale  fragments  through  them,  rusty-brown  and  grey  sandstones 
containing  pebbles,  and  yellowish-grey  sandstones,  varying  in  texture,  with  dark 
stains  of  peroxide  of  iron,  and  sub-angular  pieces  of  yellow  opaque  quartz  scattered 
through  the  rock. 
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Sandstones  containing  shale  fragments  are  found  at  various  horizons,  but  they 
are  of  most  common  ocouiTence  above  the  main  body  of  clays.  They  are  met 
with  in  full  force,  forming  high  land,  east  of  Bibra.  I  have  not  determined  the 
boundary  in  this  direction. 

The  flora  of  the  Kota-Maleri  group,  as  it  at  present  stands,  is  represented  by 
only  a  few  species  of  plants  discovered  at  the  follow- 
ing  localities  : — 

From  Anaram,  opposite  to  Kota— 

Palissya  conferta. 

Cheirolepis  Muensteri. 

From  Naogaon,  in  the  valley  of  the  Jangaon  river,  and  9  miles  east  of  Jangaon 
village — 

Palissya  Jaha^mretisis. 

Araucarites  Kachensis. 

From  between  Mohar  and  Baldnpiir,  12  miles  west  of  Jangaon  village  — 
Palissya  conferta. 

Gheiro  lep  is  Mu  enstcri. 

From  Chirakunt,  4  miles  south  of  Jangaon — 

Toeniopteris,  sp. 

Ptilophyllvm  aoutifolium. 

Oyeadites,  sp. 

Palissya,  comp,  conferta. 

Palissya,  sp. 

Of  the  fossils  from  Chirakunt,  which  were  obtained  during  the  early  part  of 
this  year  (1877)  and  have  only  been  recently  examined  by  Dr.  Feistmantel,  he 
says  — 

“  The  fossils  from  Chirakunt,  as  far  as  I  can  determine  or  correlate  them  at 
present,  are — 

Filices. 

“  Angiopteridium  (Tmniopteris')  sp.  About  3  leaflets  of  a  very  slender  form,  with 
well-marked  midrib,  and  thickish,  dichotomous  secondary 
veins,  passing  almost  horizontally  out  of  the  midrib.  The 
same  form  is  as  yet  only  known  in  the  Ragavapuram  shales,  and 
reminds  one  of  Toeniopteris  Paintreei,  McCoy,  from  mesozoic 
rocks  in  Victoria  and  Queensland,  which  is  an  Angiopteridium 
also. 


CtCADEACEJ!. 

“  Ptilophyllum  acutifolium,  Morr.,  the  common  form. 

“  Gycadites,  sp. — a  leaflet  belongs  to  this  genus  and  is  of  the  Ragavapuram  type. 


CoNirEEAS. 

“  Palissya  comp,  conferta. — There  are  pretty  numerous  branches  of  a  conifer, 
which,  I  think,  belongs  to  this  type  of  the  Rajmahal  group, 
and  Sripermatur  group  (=  Ragavapuram  beds). 

“Palissya  sp.,  a  different  species,” 
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Associated  with  these  plants,  I  found  some  casts  of  a  bivalve  shell,  resembling 
an  Xlmo.  Dr.  Feistmantel  was  unable  to  determine  it. 

By  reference  to  Mr.  King’s  table  of  strata  (Boo.  G.  S.  I.,  Vol.  X,  part  2,  page  66), 
it  will  be  seen  that  the  Ragavapuram  shales,  which  overlie  the  Riijmahal 
group  (Golapili  sandstones)  near  Golapili  on  the  lower  Godavari,  are  placed  as 
the  equivalents  of  the  Kota-Maleri  group.  That  the  beds  in  which  the  Chirakunt 
fossils  oceiir  do  belong  to  the  Kota-Maleri  group  is  a  point  in  regard  to  which  I 
myself  have  no  doubt.  In  the  neighbourhood  of  Idlara  there  are  the  unmis¬ 
takable  red  clays  with  lenticular  layers  of  greyish-green  granular  argillaceous 
sandstones,'  and  sandstones  with  clay  galls,  of  the  Kota-Maleri  group.  Thence  to 
the  south,  as  far  as  the  range  of  hills  capped  by  trap,  there  is  no  interruption  to  the 
series ;  and,  at  a  short  distance  up  the  north  face  of  the  range  and  about  a  mile 
and  a  half  east  of  Chirdkunt,  soft,  pale  yellow,  fossiliferous  shales  occur  that  yielded 
tho  few  species  of  ferns,  cycad.s,  and  conifers,  Ac.,  which  were  enumerated  above. 

Dr.  FeistTnantel’s  conclusion  as  to  tho  age  denoted  by  the  flora  bears  out  the 
determination  made  by  myself  in  the  field. 

Amongst  tho  plants  at  Chirakunt  there  is  one  conifer,  Palissija  conferta,, 
which  occurs  at  Aiuiram  in  sandstone  under  the  Kota  limestone  bed.  Hitherto  it 
has  been  considered  a  voiy  characteristic  form  of  the  Ri'ijmahal  series,^  but 
it  the  Chirakunt  beds  are  the  equivalents,  of  tho  Ragavapuram  shales,  and  the 
Ragavapuram  shales  are  younger  in  age  than  the  Golapili  sandstone-s  or  Raj- 
mahal  group,  the  vertical  range  of  PuUssya  conferta  is  increased.  If,  on  the  other 
hand,  its  resti'iction  to  the  Rajmahal  group  be  maintained,  then  an  alteration  in 
the  classification  of  the  rocks  must  bo  made.  The  more  reasonable  view,  however, 
i.s,  I  presume,  to  admit  the  wider  range  of  Palisaya  conferta. 

The  same  plant  was  discovered  in  1872  by  Mr.  Fedden,  between  Mohdr  and 
Balanpflr,  west  of  Jangaon,  in  sandstones  which  1  have  included  as  Kota-Maleris. 
These  sandstones  (that  is,  those  in  whh'h  plants  occur)  are  very  like  in  appear¬ 
ance  to  the  Golapili  sandstones,  in  v.I\k)x  PaUssya  is  found.  Mr.  Fedden,  speaking 
of  these  Balanpiir  beds,  say.s,  “  They  consist  of  fine  softish  sandstones,  in  parts  silty, 
and  with  ferniginons  bands  and  layers,  the  latter  having  plant-like  flutings  and 
hollow,  wood-like  casts,  .so  characteristic  of  .some  of  tho  upper  jurasaic  beds  of 
Kaoh.  Moreover,  some  of  the  ferruginous  bands  have  septaria-like  intersections. 
The  few  specimens  of  Palissya  and  isolated  leaflets  that  were  found  occurred  in 
the  finer  .silty  sandstone.”  Mr.  Fedden,  it  may  bo  noticed,  alludes  to  an  upper 
Jurassic  likeness ;  and  more  than  once  in  his  manuscrij)t  report  for  the  season 
1871-72,  -when  desci’ibing  different  portions  of  the  geology  of  the  Jangaon  river 
valley  west  of  the  town,  he  adverts  to  the  circumstance.  Whether  these  Mohar- 
Bahinpur  Palissya  beds  are  like  the  Golapili  sandstones,  or  like  the  upper 
Jurassic  rocks  of  Kach,  there  is  no  doubt  that  they  constitute  a  part  of  the  Kota- 
Maleri  group. 

The  shales  and  sandstones  near  Xaogaon  (in  which  I  last  year  discovered 
Palissya  Jahalpurensis  and  Arancarites  Kaohensis')  are  also  components  of  the 

'  These  are  very  characteristic  beds  of  the  Kota-Maleri  group. 

=  See  Palseontplogia  Indica,  1877.  Ser.  II,  3,  .Turassic  (Liassic)  flora  of  the  Rajmahal  group 
from  Golapili  (near  Ellore),  South  Godavari  District,  p,  183. 
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group.  They  may  be  higher  in  the  series  than  the  M6hSr-Balanpur  beds,  their 
plant  forms  suggesting  this  surmise.  I  cannot  adduce  any  stratigraphical  evidence 
that  bears  upon  the  relationship  of  the  Naogaon  and  M6har-Balanpur  or  Chira- 
ki'mt  beds,  for  sections  are  of  the  most  broken  and  uninstrnctive  character 
throughout  the  whole  of  the  valley  of  the  Jangaon  river.  The  rocks  that  appear 
are  sufficient  indexes  of  the  group,  but  they  are  inadequately  exposed  for  nice 
determinations  of  stratigraphical  questions.  A  look  at  the  map  will  toll  rapidly 
and  clearly  the  extent  of  area  that  I  include  under  the  head  of  Kota-Maleris. 
The  names  of  localities  invested  with  most  interest  are  printed  in  block  type, 
and  it  is  easy  to  note  their  relative  geographical  positions.  The  conclusions 
regarding  the  Kota-Maleri  group  and  their  distribution  are — 

1.  — That  they  overlap  the  Kamthis,  but  are  not  directly  unconformable  to 

them. 

2.  — That  the  red  clays  and  sandstones  of  Maleri,  and  the  red  clays  and  sand¬ 

stones  above  the  limestones  of  Kota,  are  conformable  members  of  the 
same  group,  undistingaiishable  lithologically,  and  presumably  con¬ 
taining  like  reptilian  remains. 

8. — That  the  Kota  fish  beds,  and  the  Maleri  fish  and  reptilian  beds,  belong  to 
the  same  group. 

4.  — That  the  plants  of  Rdjmahdl  tjqje  in  the  Anaram  sandstones  (Falissya 

cntiferta  and  Cheirolepis  Nxinsterh)  and  the  plants  from  the  Chirakunt 
shales,  are  from  the  same  rock  group. 

5.  — That  the  affinities  of  the  plants  are  with  the  upper  Gondwana,  rather 

than  with  the  lower  Gondwana  flora. 

F. — CMhicUa  Group. 

On  the  left  side  of  the  Prdnhita,  there  is  a  range  of  hills  near  Chikiala,  which 
attracted  the  attention  of  Mr.  King  and  myself  when  encamped  at  Enchapali,  a.s 
it  was  apparent  that  they  were  made  u]i  of  thick  sandstones,  diffen’ng  from  those 
constituting  the  Kota-Maleri  group.  On  examination,  we  found  the  scarp  that  we 
ascended  made  up  of  bea^y  conglomerates  with  a  large  percentage  of  ferrng^’nons 
matter,  ferruginous  glassy-looking  sandstones,  and  soft  sandstones  with  thin 
iron  bands.  The  general  colour  is  brown,  as  might  have  been  anticipated  from  the 
fact  of  so  much  iron  entering  into  the  composition  of  the  rocks.  Tlie  con¬ 
glomerates  contain  many  fair-sized  pebbles  3"  or  4"  to  6"  long.  Some  of  the 
sandstones  present  a  mammillated  weathered  surface,  a  feature  that  reminded 
Mr.  King  forcibly — when  taken  in  connection  with  their  lithological  character — 
of  the  rocks  which  in  the  lower  course  of  the  Godavari  he  has  classed  as  upper 
jurassic  (Tripetty  group). 

The  Chikiiila  rocks  extend  across  the  Pranhita  in  a  north-west  direction,  and 
I  traced  them  as  far  as  the  river  that  flows  near  Bibra.  Throughout  there  is  a 
strong  development  of  ferruginous  matter,  either  in  the  form  of  bands  of  varying 
thickness  or  in  concretionary  masses,  or  as  scattered  colouring  substance.  Frag¬ 
ments  of  foreign  rock  in  the  sandstones  are  also  common.  The  iron  ore  worked 
by  the  smelters  of  the  country  is  derived  almost  entirely  from  the  Chiki41a 
group. 
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Tlie  main  development  of  the  Chikiala  group  is  in  the  Pranhita  region ;  but 
overlying  the  Kota-Maleris  near  Balanpur  is  a  small  thickness  of  rocks  that  I 
would  include  as  members  of  the  Chikiala  series.  The  discovery  of  coal  of 
jurassic  habit  is  the  chief  element  of  distinction ;  otherwise,  I  should  scarcely 
have  felt  "warranted  in  limiting  the  Kota-Maleri  upper  boundary  at  any  bed 
but  that  in  contact  vsdth  the  intertrappeans  or  trap.  The  coal  occurs  in  m-egular 
strings,  in  a  clay  shale,  of  which  5  feet  are  exposed.  Above,  is  yellow,  soft 
sandstone,  obliquely  laminated  at  the  top,  and  containing  fragmentary  carbon - 
■accous  markings.  The  upward  section  for  a  short  distance  is  obscured,  and 
then  intertrappean  and  trap  beds  follow. 

It  is  only  in  this  one  locality  that  I  have  ventured  to  map  beds  of  a  higher 
horizon  than  Kota-Maleris  beyond  the  limit  of  the  Pranhita  valley,  but  in  two 
instances,  along  the  southern  side  of  the  Jangaon  riv^er  valley  between  Chirakunt 
and  Belgaon,  I  noticed  a  sandstone  with  ferruginous  concretions  that  would  have 
passed  muster  as  a  Chikiala  sandstone,  I  am  simply  following  Mr.  King’s  lead  in 
placing  the  rocks  at  Chikiala  as  a  group  distinct  from  the  Kota-Maleris. 


Notes  on  the  Geology  of  Kashmie,  Kishtwae  and  Pangi,  ly  B.  Lydbkkee,  B.A., 

Geological  Survey  of  India. 

Inteoduction. 

During  the  past  summer  I  have  been  engaged  in  examining  the  rocks  of  a 
considerable  portion  of  Kaslimir,  and  of  the  valley  of  the  upper  Chinab,  as  far  as 
British  Lahiil.  A  gi'eat  portion  of  the  area  traversed  has  been  entirely  new 
ground  in  a  geological  jioint  of  view  ;  while  other  parts  have  been  those  which 
remained  between  the  various  lines  of  section  taken  by  the  late  Dr.  Stoliezka, 
and  by  the  survey  of  which  these  various  lines  have  been  brought  into  connection 
with  one  another. 

Although  I  have  been  able  to  color  in  a  considerable  portion  of  the  map,  yet 
the  results  obtained  from  the  season’s  work  are  not  in  every  instance  quite  so 
exact  as  I  could  have  wished,  owing  to  the  fact  that  almost  all  the  strata  described^ 
with  the  marked  exception  of  the  carboniferous  series,  are  unfossiliferous.  This 
absence  of  organic  remains  compels  ns,  in  refeiving  the  different  rock-groups  to 
their  proper  geological  horizons,  to  depend  on  purely  stratigrajihical  evidence ;  and 
in  some  cases  this  '  kind  of  evidence  is  but  uncertain.  It  must,  therefore,  be 
clearly  understood  that  probability  plays  a  certain  part  in  the  cori’elation  of  some 
of  the  disconnected  rock-groups. 

It  may,  perhaps,  here  not  be  out  of  place  to  call  attention  to  the  extraordinary 
absence  of  fossil  remains  in  so  many  of  the  Himalayan  formations.  This  absence 
is  equally  noticeable  in  the  silm’ian  slates  of  the  Pir  Panjal  and  Kashmir,  in  the 
equivalent  slates  and  limestones  of  Pangi,  and  in  the  older  Tertiary  deposits  of 
the  outer  hiUs.  In  the  still  older  gneissoid  and  micaceous  rocks,  traces  of  fossils 
might  have  been  expected  to  have  been,  to  a  great  extent,  obliterated  by  subsequent 
metamorphic  action ;  but  even  among  these  older  metamorphic  rocks  there  are 
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many  beds  of  comparatively  little  altered  slates  and  shales  which  ought  to  have 
retained  traces  of  organic  life  had  such  lived  in  the  seas  in  which  these  rocks  were 
deposited.  I  think  that  we  cannot  but  conclude  from  the  absence  of  fossils  in  so 
many  deposits,  so  favorable  to  their  preservation  as  are  the  limestones  of  the 
Kiol  and  Krol  groups,  that  parts  of  the  old  Himalayan  seas,  strange  as  the  fact 
may  appear,  were  from  some  yet  unknown  cause,  over  wide  areas  unfavorable  to 
any  great  developement  of  animal  life. 

As  the  country  traversed  by  me  consists  of  several  semi-distinct  lines,  I  have 
thought  it  best  to  treat  of  these  several  lines  or  sections  under  distinct  headings, 
following  in  this  respect  the  example  sot  by  the  late  Dr.  Stoliezka  in  his  memoir 
entitled  “  Geological  Observations  in  Western  Tibet.” '  This  method  has  many 
obvious  advantages,  although  it  is  open  to  the  objection  of  necessarily  involving 
a  certain  amount  of  repetition. 

The  .survey  of  a  wider  area  has  necessarily  led  to  certain  modifications  of  some 
of  the  views  expressed  in  my  previous  paper  on  the  “  Geology  of  the  Pir 
Panjal in  the  main,  however,  the  conclusions  there  arrived  at  as  to  the  ages  of 
the  different  rock-groups  have  been  maintained, 

I  have  here  to  offer  my  thanks  to  Mr.  Drew,  late  of  the  service  of  the  Maha¬ 
rajah  of  Kashmir,  for  the  gift  of  notes  and  sections  taken  by  him  in  various 
parts  of  Kashmir  territory,  and  which  have  afforded  me  several  important  pieces 
of  information,  as  well  as  suggestions  in  classifying  the  different  rock-groups. 

I. — The  Teetiaries  and  Post-Tertiaeies  op  Kashmir. 

The  so-called  Karewahs  of  Kashmir  have  already  been  treated  of  by  several 
writers,  among  the  best  known  of  whom  are  General  Cunningham  in  his 
“  Ladak  Major  Godwin- Austen  in  the  “  Quarterly  Journal  of  the  Geological 
Society  of  London °  and  Mr.  Drew  in  his  “  Jummoo  and  Kashmir 
Teiritories.”  ^ 

During  the  early  part  of  last  spring  I  proceeded  along  the  Kashmir  side  of 
the  Pir  Panjal  range,  for  the  purpose  of  tracing  the  boundaries  of  these  deposits. 

Along  the  greater  part  of  the  north  side  of  the  Pir  Panjal,  after  leaving  the 
older  rock-series,  we  como  upon  beds  of  cither  clays,  sands,  gravels,  or  conglo¬ 
merates,  which  have  the  normal  north-westerly  strike  of  the  Himalaya,  and  a 
north-easterly  dip  varying  from  five  to  twenty  degrees.  Mr.  Drew  has  noticed 
the  occurrence  of  these  beds  at  page  211  of  his  above-quoted  work,  and  I  hav'e 
already  referred  to  their  presence  at  Baramiila  in  the  “  Records  of  the  Geological 
Survey  of  India.”  ■* 

At  Baramiila  these  Tertiary  beds  consist  of  yellowish  clays  and  conglomerates, 
with  an  averag’e  dip  of  about  ten  degrees  ;  the  same  conglomerates  are  also 
developed  in  great  force  to  the  north-east  of  the  latter  place,  where  they  are  still 
more  tilted,  and  where  they  have  a  very  great  resemblance  to  the  upper  conglo¬ 
merates  of  the  Siwalik  series  of  the  outer  hills.  The  blue  clays  and  yellow 


'  Mem.,  G.  S.  I.,  Vol.  V,  p.  337. 
“  Vol.  XX.  p.  383. 


3  Pp.  207,  1 66. 
Vol.  IX,  p.  162, 


Mecords  of  the  Geological  Survey  of  India. 


[VOL.  XI. 


sa 


sands  can  be  traced  to  the  north  as  far  as  ShaMra.  To  the  south-east  of 
Baramiila,  almost  up  to  the  town  of  Shapiyan,  the  lowest  beds  of  these  deposits 
consist  of  stiff  blue  clay,  with  the  same  dip  and  strike,  the  conglomerate  beds  being 
generally  cither  absent  or  I’eplnced  by  clay  ;  the  conglomerates,  however,  reappear 
at  Hirpiir  on  the  PIr  Panjal  road,  llajor  Godwin-Austen  has  noticed  that  these 
conglomerates  and  sand  beds  at  the  latter  place  are  several  hundred  feet  in 
thickness  ;  and  he  has  obtained  from  them  many  existing  species  of  terrestrial 
and  fluviatile  shells,  as  well  as  scales  of  fishes. 

If  we  follow  these  highly-tilted  clay  and  conglomerate  beds  towards  the  centre 
of  the  valley  of  Kashmir  as  we  can  well  do  along  the  main  road  from  Gulmarg, 
where  they  are  gi’eatly  developed,  we  shall  find  that  as  we  advance  towards 
Srinagar  the  dip  of  the  beds  gradually  decrea.ses,  until  it  is  not  more  than  a  very 
few  degrees  from  the  horizontal ;  Avhile  at  the  same  time  the  conglomerates  and 
blue  clays  disappear  and  are  replaced  by  light-colored  sands  and  loamy  clays, 
bearing  very  distinct  marks  of  stratification.  Finally,  as  we  get  within  a  few 
miles  of  Srinagar  (beyond  which  place  these  deposits  have  been  denuded  away), 
we  find  that  the  strata  are  almost,  if  not  quite,  horizontal. 

It  is,  therefore,  apparent  that  we  have  been  crossing  the  strike  of  a  continuous 
formation,  the  lower  beds  of  which  are  tilted  and  often  conglomeritic,  while  the 
upper  beds  are  nearly  horizontal  and  sandy  or  clayey.  There  is  no  sign  of  any 
break  in  this  formation  that  I  can  detect,  and  I  should  think  that  at  a  low  esti¬ 
mate  it  cannot  be  less  than  one  thousand  feet  in  thickness. 

Turning  now  to  the  opposite  side  of  the  valley,  and  taking  the  section  near 
Pampur  as  a  typical  instance,  we  find  here  also  a  considerable  thickness  of  stratified 
clays  and  sands  which  are  perfectly  horizontal ;  these  seem  to  correspond  to  the 
topmost  sandy  beds  on  the  opposite  side  of  the  valley.  Mr.  Drew  .says  {supi  eit., 
p.  209)  that  similar  beds  to  the  north  of  Islamabad  attain  a  thickness  of  from 
250  to  300  feet.  Below  these  sandy  beds,  north  of  the  latter  place,  there  occurs 
a  considerable  thickness  of  limestone  conglomerate,  resting  conformably  on  a 
sloping  surface  of  the  carboniferous  limestone,  and  itself  sloping  also,  according  to 
Mr.  Drew,  at  an  angle  of  from  seven  to  fifteen  degi’ees. 

The  whole  of  the  horizontal  sandy  deposits  to  the  north-east  of  the  valley, 
together  with  the  upper  sandy  deposits  of  the  south-western  side,  I  piropose  to 
call  the  upper  Karewahs;  while  the  tilted  clay  and  conglomerate  beds  along  the  Pir 
Panjal  I  shall  designate  as  lower  Karewahs.  There  is  no  evidence  to  prove  that 
the  conglomerate  underlying  the  upper  Karewahs  at  Islamabad  is  contemporaneous 
wth  that  of  the  lower  Karewahs  at  BSramula,  and  I  am  inclined  to  take 
Mr.  Dreiv’s  view  that  it  formed  an  ancient  lake  beach,  and  was  deposited  on  a 
sloping  shore. 

On  the  south-western  side  of  the  valley  of  Kashmir  it  is  quite  clear  from  the 
presence  of  the  tilted  Kai'ewahs  that  a  very  great  disturbance  has  taken  palace  along 
tlio  Pir  Panjal  range  since  the  period  of  the  depo.sition  of  these  Karewahs;  this 
disturbance  has  elevated  the  beds  of  the  lower  Karewahs  to  an  angle  of  more 
than  twenty  degrees  in  certain  pfiaces,  but  it  does  not  seem  to  have  extended 
inwards  to  the  centre  of  the  valley  of  Kashmir.  It  is  important  to  notice 
that  the  strike  of  this  disturbance  coincides  in  direction  with  the  strike  of 
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the  disturbance  which  has  raised  the  Siwaliks  of  the  outer  hills  into  their  present 
position ;  the  Karewahs,  however,  differ  from  the  outer  Siwaliks  in  that  the  dip 
of  the  beds  inclines  away  from,  instead  of  towards,  the  adjoining  range. 

This  tilting  of  the  Karewahs,  together  with  the  great  amount  of  denudation 
which  they  have  subsequently  undergone,  serves  to  indicate  that  these  deposits 
are,  relatively  speaking,  of  very  great  age ;  and  I  am  inclined  to  think  that,  at  all 
events,  the  lower  Karewahs  cannot  be  much,  if  at  all,  newer  than  the  upper 
Siwaliks  of  the  outer  hills,  and  that  therefore  they  probably  belong  to  the  top¬ 
most  pliocene  or  pleistocene  period.  I  am  the  more  inclined  to  adopt  this  view, 
because  we  know  that  in  the  outer  bills  the  period  of  disturbance  did  not  extend 
to  the  epoch  of  the  Post-Siwalik  deposits,  which  are  in  all  case.s  horizontal  ;  and 
it  seems  to  me  most  probable  that  the  same  general  disturbance  acted  as  well  on  the 
Kashmir  Tertiaries  and  Post-Tertiarics  as  on  the  Siwaliks,  but  that  it  may 
perhaps  have  lasted  a  little  longer  in  the  former  area. 

Mr.  Drew  has  already  pointed  out  the  distinction  between  the  modern  allu¬ 
vium  of  Kashmir  and  the  Karewahs,  and  he  has  also  shown  that,  at  all  events, 
the  greater  part  of  the  foiuner  was  deposited  before  the  date  of  the  construction 
of  any  of  the  ancient  buildings  of  Kashmir,  but  how  much  before  we  do  not  at 
present  know ;  as  far  as  this  evidence  goes,  it  all  points  to  the  great  age  of  the 
Karewahs. 

I  do  not  here  propose  to  enter  into  the  question  of  the  mode  of  deposition  of 
the  Karewahs,  as  this  has  already  been  discussed  by  General  Cunningham,  Mr. 
Drew,  and  others ;  I  will,  however,  here  mention  that  I  think  there  can  be  .no 
doubt  but  that  the  above  writers  are  perfectly  correct  in  assuming  that  these 
deposits  have  been  formed  in  the  bed  of  a  vast  lake  which  once  covered  the  whole 
of  the  valley  of  Kashmir. 

Below  Baramula,  the  valley  of  Kashmir  is  now  bounded  by  a  low  ridge  entirely 
formed  of  fluviatile  deposits ;  this  ridge  evidently  forms  the  remnant  of  much 
larger  deposits,  which  once  extended  lower  down  the  Jhelam  valley,  but  which 
have  subsequently  been  removed  ;  it  seems,  therefore,  cleai’  that  the  old  lake  mu.st 
have  extended  lower  down  the  Jhelam  valley  than  the  present  boundary  of  the 
valley  of  Kashmir,  until  it  was  stopped  by  some  dam.  It  is  not  improbable  that 
this  old  dam  existed  in  the  narrow  gorge  through  Avhieh  the  river  now  flows  at 
Rampiir,  some  ten  miles  below  Baramula,  this  gorge  having  been  deepened  out 
since  the  Karewah  period.  At  page  171  of  the  “  Wanderings  of  a  Naturalist  in 
India”  Professor  Leith- Adams  appears  to  consider  that  the  Baramula  gi-avels  were 
formed  by  a  glacier  which  dammed  Kashmir  at  this  place.  The  regular  strati¬ 
fication  of  these  gi-avels  appears  to  me  to  be  agfiinst  thi.s  view  of  the  ca.se. 

There  does  not  now  appear  to  be  any  trace  of  Karewah  deposits  remaining 
in  the  Jhelam  valley  between  Baramula  and  Rampiir ;  these  having  been  all 
removed  and  replaced  by  more  recent  river  deposits, — another  proof  of  the  ago 
of  the  Karewahs. 

I  am  not  .sure  to  what  extent  the  Karewahs  formerly  extended  up  the  eastern 
end  of  the  valley ;  at  the  present  time  (as  is  shown  on  the  map)  the  whole  of  the 
country  about  Sagam  is  covered  only  by  modern  river  alluvium,  generally  above 
the  level  of  r-iver  deposit,  which  is  at  once  distinguished  from  the  Karewahs  by 
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the  absence  of  str  atiflcation.  Lower  down  in  the  valley,  as  at  Kailgam,  the  mo¬ 
dern  allnvium  still  exists  in  considerable  force,  but  the  yellow  and  bine  clays  of 
the  Karewahs  are  exposed  in  the  river  sections  ;  still  further  west,  as  near  Sha- 
piyan,  the  Karewahs  generally  form  the  surface  soil,  though  near  the  river  valleys 
they  are  often  covered  with  a  boulder  deposit  of  more  modern  origin. 

II. — The  Oldee  Rocks  of  the  socth-east  of  the  Valley  of  Kashmir. 

In  my  previously  published  notes  on  the  geology  of  the  Pir  Panjal,  I  have 
already  given  some  account  of  the  rocks  composing  that  range,  more  especially 
those  on  the  outer  side  ;  in  that  paper,  following  former  -winters,  I  assumed  the 
probability  of  the  Cambro- Silurian  age  of  these  rocks.  I  may  now  state- that  dur¬ 
ing  the  present  season’s  work  the  same  rocks  have  been  traced  across  the  valley 
of  Kashmir,  and  have  been  there  incontestably  proved  to  be  in  great  part  of 
Silurian  age,  though  some  of  their  lower  beds  may  be  Cambrian.  In  the  present 
account  these  rocks  will  generally  be  referred  to  as  the  Panjal  or  Silurian  series. 

Before  commencing  the  description  of  the.se  rocks  in  the  Kashmir  valley  it  may 
be  as  well  to  state  here,  that  wherever  the  word  slate  occurs,  it  is  used  in  the 
wider  sense,  not  implying  distinct  cleavage.  I  may  also  mention  here  that  in  the 
map  accompanying  my  proper  on  the  “  Geology  of  the  Pir  Panjal,”  the  Panjal 
rocks  are  referred  to  as  “  crystalline  schists,”  whereas  they  should  have  been 
referred  to  as  .slates  and  amygdaloids. 

It  may  also  be  not  out  of  place  here  to  refer  shortly  to  the  amj'gdaloidal  rocks 
of  the  Pir  Panjal  and  other  parts  of  Kashmir,  before  proceeding  to  describe  any 
of  the  sections ;  this  is  the  more  advisable,  because  in  my  previously-quoted  paper 
on  the  geology  of  the  fir.st-mentioncd  region,  I  discussed  the  question  as  to  the 
volcanic  or  metamorphic  origin  of  these  rocks,  a  question  which  I  then  left  still 
in  great  part  suh  Judice,  though  I  inclined  somew'hat  to  the  theory  of  their  meta¬ 
morphic  origin. 

If  our  researches  were  confined  to  the  Pir  Panjal  range,  we  should,  I  think, 
have  but  little  pro.speot  of  aixiving  at  any  very  definite  conclusion  as  to  the  mode 
of  formation  of  the  rocks  in  question,  since  in  that  I'ogion  these  rocks  always 
occur  iuterstratificd  with  the  slates,  and  their  composition  is  often  such  that  we 
cannot  in  the  field  predicate  either  their  igneous  or  metamorphic  origin.  If  they 
be  trajipean,  they  must  bo,  as  will  be  gathered  from  my  former  paper,  of  contem¬ 
poraneous  origin  with  the  slates,  and  therefore  we  are  debarred  from  any  evi¬ 
dence  which  might  have  been  afforded  by  dykes  as  to  their  trappean  origin. 

On  the  north-western  side  of  the  valley  of  Kashmir,  however,  near  Srinagar, 
and  in  the  Sind  valley,  there  exists  a  formation  wkich  agrees  with  the  series  of 
the  Pir  Panjal,  in  containing  certain  amygdaloidal  rocks  very  much  resembling 
those  of  the  latter  region.  'Ihese  amygdaloidal  rocks  of  the  Sind  valley,  however, 
differ  in  their  association  from  those  of  the  Pir  Panjal ;  instead  of  being  inter- 
stratified  with  slates,  as  in  that  range,  and  the  whole  series  showing  a  markedly 
stratified  appearance,  these  rocks  are  mingled  with  a  compact  greenstone-like 
rock,  and  with  another  granular  greenish  rock,  like  anamesite ;  the  greenstone-like 
rock  frequently  contains  large  pear-shaped  nodules  of  chalcedony,  and  small 
needles  of  a  mineral,  which  is,  I  think,  chrysolite.  The  whole  formation  is  entirely 
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devoid  of  any  signs  of  visible  stratification,  and  forms  bold  massive  cliffs,  very 
different  in  appearance  from  tbe  slates  of  the  Pir  Panjal. 

I  cannot  but  think,  both  from  the  physical  appearance,  and  from  the  composi¬ 
tion  of  these  rocks  (and  more  especially  fr’om  the  presence  of  chrysolite  and 
nodules  or  amygdala  of  chalcedony)  that  they  are,  in  great  part  at  least,  of 
eruptive  origin ;  although  some  of  their  upper  beds  may  have  been  brought  into 
their  present  state  by  the  aid  of  metamorphism. 

Assuming  then  the,  at  all  events,  partly  eruptive  origin  of  these  Sind  valley 
rocks,  it  remains  to  see  what  relation  they  bear  to  the  thin-bedded  amygdaloids 
of  the  Pir  Panjal.  Now,  these  presumably  eruptive  Sind  valley  rocks  underlie 
the  carboniferous  limestone  ;  they  do  not,  however,  penetrate  into  this  Umestone, 
which  must  have  been  the  case  were  they  intrusive  trap  ;  we  can,  therefore,  only 
presume  they  are  of  contemporaneous  origin  with  the  rock  series  with  which  they 
are  associated, — that  is  to  say,  that  they  are  of  i»?/ra-carboniferous  age,  or  of  the 
same  age  as  the  upper  slates  and  amygdaloids  of  the  Pir  Panjal  range.  It 
may  be  observed  in  passing  that,  even  regarding  these  rocks  as  eruptive  and  contem¬ 
poraneous,  it  is  remarkable  that  no  case  of  intrusion  should  have  been  observed  in 
connexion  with  them.  This  important  evidence  is  wanting  to  finally  decide  the 
question  of  their  origin. 

The  rocks  of  the  ujjper  Panjal  series  must  be  therefore  contemporaneous  with  the 
trappoid  rocks  of  the  Lower  Sind  valley,  and  if,  as  seems  to  be  the  ease,  the  latter 
be  of  eruptive  origin,  it  would  seem  probable  that  some  of  the  amygdaloids  of  the 
Panjal  are  likewise  of  eruptive  origin,  although  there  is  a  gradual  transition 
from  the  typical  amygdaloids  to  the  slates,  which,  in  some  cases,  may  perhaps 
be  due  to  the  effect  of  metamorphic  action,  or  to  the  original  commingling  of 
detrital  and  eruptive  matter. 

On  the  emptive  hypothesis  of  the  origin  of  the  amygdaloids  in  the  two 
areas,  it  remains  to  be  considered  why  in  one  area  they  are  associated  with  slates 
and  in  the  other  with  rocks  of  more  decidedly  igneous  characters.  Now,  I  think 
the  most  probable  explanation  of  this  difference  is  that  in  the  upper  Panjal 
period,  there  were  a  number  of  small  and  intermittent  flows  of  trap  in  the  area 
of  the  Pir  Panjal  range,  and  that  deposition  of  mud  went  on  regularly  in  the 
intervals  between  these  flows ;  moreover,  these  flows  of  trap  seem  to  have  been 
too  thin  to  have  produced  greenstone-like  rocks,  all  of  them  being  more  or  less 
amygdaloidal  or  vesicular,  and  indicating  no  great  pressure  fr’om  above.  In  the 
greater  part  of  the  Sind  valley  area,  on  the  contrary,  there  seems  generally  to 
have  been  exceedingly  little  trap  poured  forth  among  the  slate  series  which  under¬ 
lies  the  carboniferous  limestone,  but  in  the  Lower  Sind  valley  and  near  Srinagar 
we  have  a  vast  mass  of  trap  which  was  poured  forth  immediately  before  the 
deposition  of  the  cai  boniferous  limestone,  and  which  seems  to  have  been  extremely 
local,  since  higher  up  the  Sind  vaUey  ( — infra)  we  find  pure  slates  underlying 
the  carboniferous  limestone.  This  Lower  Sind  vaUey  trap  was  of  such  thickness 
as  to  have  produced  greenstone-like  rocks  in  its  lower  portion,  where  the  pressure 
was  greatest ;  while  in  its  higher  portion,  where  the  pressure  was  of  course  far 
less,  we  find  amygdaloidal  and  vesicular  rocks,  like  those  of  the  Pir  Panjal  j 
mingled  with  rocks  which  may  be  altered  slates. 
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According  to  this  view,  the  massive  trap  and  trap-like  rocks  of  the  Sind 
valley  are  only  amplifications  of  the  thin-bedded  trap  of  the  Pir  Panjal,  and  both 
are  the  equivalents  in  time  of  the  simple  slates  which  in  many  other  places 
underlie  the  carboniferous  limestone.  This  identification  of  the  two  trappoid 
rocks  is,  of  course,  independent  of  any  theory  as  to  their  origin. 

In  many  other  parts  of  Kashmir  and  the  neighbouring  districts  trap-like 
rocks  are  found  in  greater  or  less  force  among  the  Silurian  slates,  but  never 
extending  up  into  the  carboniferous  period.  It  is  impossible  to  indicate  all  the 
occurrences  of  those  trap-like  rocks  in  a  small-scale  map,  and  by  means  of  the 
nocessai’ily  imperfect  survey  which  is  all  that  can  be  attempted  in  these  some¬ 
what  difficult  regions.  Where,  however,  these  rocks  occur  in  considerable  force, 
they  are  indicated  by  crosses  in  the  slate  series ;  no  attempt  has,  however, 
been  made  to  distinguish  between  the  thin-bedded  amygdaloids  of  the  Pir 
Panjal,  and  the  massive  gi’eenstone-like  rocks  of  the  Lower  Sind  valley  and 
Srinagar. 

The  interstratified  amygdaloids  of  the  Pir  Panjal,  taken  together  with  the 
peculiar  conglomerate  referred  to  in  my  previous  memoir  on  that  range,  alford  us 
valuable  aids  in  recognising  those  rocks  in  other  districts.  These  amygdaloids 
are  most  abundant  on  the  outer  sides  of  the  Pir  Panjal  range,  and  in  the  neigh¬ 
bouring  parts  of  Kashmir  also  extend  into  the  Ward  wan  valley  and  into  Kisht- 
war,  where,  however,  they  are  in  much  less  force,  the  slates  and  sandstones  there 
predominating. 

Specimens  of  these  varieties  of  the  trappoid  rocks  of  Manasbal  near  the 
Lower  Sind  valley  have  been  forwarded  to  Colonel  McMahon,  who  has  made 
sections  of  them  for  microscopic  examination,  some  of  which,  together  with  his 
notes,  he  has  kindly  sent  to  the  Indian  Museum ;  it  is  from  these  notes  that  the 
following  ohservations  have  been  compiled.  The  specimens  sent  comprised  a 
finely  porphj'ritie  rock,  which  will  be  designated  as  A  ;  a  compact  rock,  which, 
we  will  call  B  ;  and  an  amygdaloid,  which  wo  will  call  C. 

Colonel  McMahon  considers  that  A  is  undoubtedly  igneous.  Crystals  of 
white  felspar  occur  abundantly  in  this  rock,  having  their  axes  turned  in  all 
directions,  in  a  manner  which  is  very  characteristic  of  trap-rocks.  Since  its 
igneous  liquefaction,  this  rock  ha.s  been  altered  by  aqueous  metamorphism ;  this 
is  rendered  evident  by  treating  the  rook  in  the  matrass,  when  on  the  application  of 
a  moderate  heat  (very  far  shoit  of  a  red-heat)  it  readily  gives  off  water.  When 
thus  treated  this  rock  also  gives  off  an  acid  vapour;  it  also  answers  to  the  silver 
test  for  sulphides,  and  therefore  probably  contains  iron-sulphido,  though  crystals 
of  this  mineral  (pp-ite)  were  not  satisfactorily  obscrviible  under  the  microscope. 
The  other  results  of  the  metamorphism  which  has  taken  place  subsequently  to  the 
cooling  down  of  the  rock  are  clearly  visible.  Masses  of  green  chlorite  are  very 
prominent  here  and  there,  while  the  felspar  crystals,  which  seem  originally  to 
have  been  pure  tii  clinic  prisms,  are  now  clouded  with  flocculent,  cliloritic  matter, 
w'hich  h<is  impaired  thoir  pristine  translucency ;  even  now,  however,  under  the 
polariscope,  polychroic  tints  are  here  and  there  distinctly  displayed.  The  cloud¬ 
ing  of  the  felspar  ciystals  due  to  metamorphism  has  nearly  obliterated  all  traces 
of  the  twin-crystals  of  the  triclinic  system,  but  portions  of  these  seem  to  be  still 
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remaining  in  some  of  tlie  sections,  if  we  may  judge  by  the  parallel  bands  of  color, 
(so  characteristic  of  the  triclinic  felspars)  which  appear  in  certain  of  the  crystals. 
This  rock  fuses  readily  into  a  bead,  and  contains  64T  ]3er  cent,  of  silica. 

The  rock  designated  as  B  apjicars  to  consist  of  an  iron-silicate  disseminated  in 
thick,  flocculent  masses  through  a  folspathic  base  ;  it  shows  no  traces  of  a  crys¬ 
talline  structure ;  and  it  may  be  a  trap  or  it  may  be  an  altei'ed  slate.  The  iron- 
silicate  in  this  rock  does  not  appear  to  be  hornblende,  since  the  whole  of  its  color¬ 
ing  matter  is  extracted  by  hydrochloric  acid.  This  rock  also  contains  a  con¬ 
siderable  amount  of  hj''drous  minerals,  which  readily  give  off  water  in  the  matrass, 
on  the  application  of  a  moderate  heat ;  it  contains  6‘2’9  per  cent,  of  silica,  30  per 
cent,  of  alumina  and  iron,  a  considerable  quantity  of  lime,  and  a  small  quantity  of 
magnesia.  As  far  as  its  chemical  composition  goes,  there  is  thwefore  no  reason 
why  this  rock  should  not  be  a  trap  ;  the  absence  of  distinct  crystalline  structure 
is  somewhat  against  this  view,  though  Colonel  McAlahon  mentions  that  certain 
rocks  from  Edinburgh  described  as  basalts  do  not  exhibit  crystalline  structure. 
Colonel  McMahon  suggests  that  it  is  not  im])o.ssiblc  that  this  rock  may  be  a 
sub-aqueous  volcanic  product,  such  as  ashes  deposited  in  the  form  of  mud  on  a 
sea-bottom,  or  the  product  of  the  snb-aiirial  erosion  of  trap. 

The  amygdaloidal  rock  C  according  to  Colonel  McMahon  appears  to  be  a 
trap,  since  it  shows  the  same  quaquaversal  arrangement  of  the  fels))ai'  ciystals 
which  w'as  observed  in  A ;  this  peculiar  structure  Colonel  McMahon  considei's 
could  not  be  produced  by  aqueous  metamorphism.  As  was  the  case  with  A,  thi.s 
rock  also  shows  abundant  signs  of  subsequent  metamorphism,  patches  of  chlorite 
occuring  in  many  places  in  the  crystals  ;  the  rock  was  probably  at  first  a  porous  or 
scoriaceous,  igneous  product,  and  has  been  subsequently  altered  by  the  infiltration 
of  extraneous  substances  through  its  pores. 

The  above  observations  of  Colonel  McMahon  on  the  Manasbal  rocks  are  of 
great  importance ;  from  these  observations  it  appears  to  be  pretty  evident  that  at 
least  some  of  these  rocks  are  of  igneous  origin,  and  it  is  further  evident  that  all  of 
them  have  been  altered  by  subsequent  metamorphism.  The  resemblance  of  the 
amygdaloids  of  the  Pir  Panjal  to  those  of  Manasbal,  which  we  have  already 
referred  to,  renders  it  probable  that  some  of  the  former  are  also  of  igneoils  origin. 
A  greater  amount  of  subsequent  mctamorphic  action  in  one  part  of  Kashmir  than 
in  another,  would  account  for  the  discrepancy  in  the  character  of  the  rocks  wliich 
so  often  occur.  Thus  at  Manasbal  this  metamorphio  action  appears  to  have 
been  of  great  force,  and  has  not  improbably  merged  both  slate.s,  trap-ashes,  and 
perhaps  true  traps  into  a  homogeneous  rock  like  B,  which  is  intercalated  with, 
and  in  the  mass  indistingui.shable  fi'om,  true  trap  rocks  like  A  and  C  ;  in  the  Pir 
Panjal,  on  the  other  hand,  the  metamorphic  action  has  been  less  strong,  and  has 
not  generally  altered  the  slates,  except  jiorhaps  occasionally  near  the  amygdaloids, 
into  a  rock  resembling  trap.  In  the  one  area  tlie  whole  rock-series  looks  like 
an  igneous  rock,  and  shows  no  signs  of  stratification  ;  while  in  the  other  the 
igneous  rocks  occur  generally  as  thick  bands  in  the  aqueous,  and  the  series  taken 
as  a  whole  consequently  shows  very  distinct  signs  of  stratification.  Intermediate 
states  of  metamorphism,  coupled  possibly  with  a  gi’eater  or  lesser  eruption  of 
ashes,  would  account  for  the  condition  of  rocks  which,  like  those  of  parts  of  the 
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upper  Lidar  valley,  are  intermediate  in  chai’acter  between  those  of  Manasbal 
and  those  of  the  Pir  Panjal. 

We  may  now  continue  our  survey  of  the  Panjal  series,  which,  in  my  already- 
quoted  piaper  of  that  region,  we  had  traced  across  the  range  to  Baramiila. 
Travelling  along  the  foot  of  the  north  side  of  the  range  from  the  latter  place 
towards  the  east,  we  find  that  the  rocks  consist  of  blackish  slates,  with  a  few 
bands  of  white  quartzite,  and  others  of  little  altered  green  or  greyish  sandstones. 
Further  to  the  south-east,  near  the  village  of  Poshgar,  the  amygdaloidal 
traps  intei'stratified  with  slates  are  in  considerable  force ;  these  rocks  have 
a  south-westerly  dip  and  the  normal  north-westerly  strike  which  prevails 
along  the  whole  of  this  side  of  Kashmir  ;  the  south-westerly  dip  continues  along 
the  range  as  far  as  the  town  of  Kulgam  ;  a  little  to  the  east  of  this  place,  near 
the  village  of  Gundpvira,  we  come  upon  a  north-easterly  dip,  which  is  the 
continuation  of  the  anticlinal  and  synclinal  axes  which  were  noticed  in  my 
previous  pajrer  as  occnn'ing  to  the  south-west  of  the  Banihal  pass,  and  which 
cross  the  range  into  Kashmir  at  its  bend  to  the  west  of  the  pass. 

Throughout  the  above-mentioned  area  the  Panjals  maintain  their  normal  cha¬ 
racter,  consisting  of  slates  and  amj'gdaloids  with  some  sandstones ;  the  amyg- 
daloids  are,  however,  less  prevalent  to  the  eastward  than  in  the  centre  of  the 
range.  The  matrix  of  these  amygdaloids  is  nearly  always  of  a  compact  texture, 
and  green  in  color :  the  amygdala  are  generally  greenish-white  in  color,  but  are 
sometimes  green,  of  a  darkoi'  hue  than  that  of  the  matrix ;  the  amygdala  are 
too  hard  to  be  scratched  by  the  knife,  and  in  places  undoubtedly  pass  into  nodules 
of  chalcedony.  Near  the  village  of  Gundpura  the  amygdala  are  generally  quartz- 
itic  or  chalcedonic  in  character ;  the.se  are  usually  pear-shaped,  and  often  as 
much  as  three  inches  in  diameter. 

In  the  bed  of  the  i-iver  flowing  from  Gulmarg,  as  also  in  the  Yechari,  and 
other  streams,  pebbles  of  gneiss,  similar  to  that  found  to  the  south  of  the  Banihal 
pass,  are  of  common  occurrence  ;  this  affords  us  proof  that  the  same  band  of  gneiss 
extends  along  the  Pir  Panjal  range  to  the  westward  of  the  latter  place,  although 
T  have  not  yet  had  an  opportunity  of  tracing  its  boundaries. 

1  have  already  mentioned,  in  my  previous  paper,  the  occurrence  of  a  band  of 
conglomerate  on  the  south  side  of  the  Panjal  range.  In  a  section  taken  by 
Mr .  Theobald  across  the  Mohun  pass,  this  band  was  found  in  situ  ;  it  occurs  at  a 
considerable  distance  above  the  gneiss,  apparently  somewhere  near  the  middle 
of  the  Panjal  group.' 

Taking  now  a  section  across  the  Pir  Panjal  pass  to  the  outer  hills,  we  find 
the  following  series  of  rocks.  A  little  above  the  village  of  Hirpiir  we  leave  the 
sandstones  and  conglomerates  of  the  lower  Karewah  series,  and  come  upon  a 
series  of  green  rocks  with  very  indistinct  stratification ;  some  of  these  rooks  are 
amygdaloidal,  and  from  their  resemblance  to  the  upper  amygdaloidal  trap  of  the 

‘  I  may  here  mention  that  Professor  Leith-Atlams,  at  page  214  of  his  “  Wanderings  of  a 
Naturalist  in  India,”  speaks  of  the  finding  by  a  native  shikari  of  an  ammonite  near  the  village 
of  Tortiana  on  the  Panjal.  I  cannot  but  think  that  this  specimen  was  not  authentic,  as  we  have 
very  good  reason  to  believe  that  the  whole  of  the  Panjal  rocks  are  palieozoic.  The  specimen  was 
probably  derived  from  the  triassic  rocks  of  the  opposite  side  of  the  valley  of  Kashmir. 
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opposite  side  of  the  valley  of  Kashmir,  must  probably,  as  we  have  seen,  be  con¬ 
sidered  as  of  eruptive  origin ;  it  is,  however,  in  many  cases  extremely  difficult  to 
decide  in  this  region  whether  certain  of  these  green  rocks  are  of  eruptive  origin, 
or  whether  they  are  metamorphosed  sedimentary  rocks. 

Proceeding  further  up  the  Hirpur  valley,  and  approaching  the  old  Mogul 
halting  place  of  Dubchi,  we  find  these  amygdaloidal  rocks  underlaid  by  black  slates 
with  a  north-easterly  dip;  at  Dabchi  itself  there  is  a  small  anticlinal  and  syn-  . 
clinal  fold  in  these  slates.  Above  Dabchi  we  have  a  continuou.s  descending  series 
of  slates  mingled  with  a  few  band.s  of  conglomerates  which  contain  quartzitic  and 
slate  pebbles,  till  some  distance  below  Aliabad  serai,  where  we  find  buff  and 
white  quartzites  underlying  these  slates ;  near  the  latter  place  we  again  come  upon 
black  slates  which  underlie  the  quartzites :  these  slate.s  contain  rounded  and 
angular  masses  of  gneis.s.  Immediately  above  Aliabad  serai  we  come  upon 
granitoid  gneiss  underlying  the  black  slates  with  the  same  north-easterly  dip ;  the 
gneiss  includes  a  few  bands  of  slates  and  quartzites. 

This  gneiss  continues  nearly  to  the  summit  of  the  Plr  Panjal  pass,  and  bears 
to  the  north-west,  along  the  ridge  of  the  Chitta-Pani  and  Ohota-Galli  passes. 
Hear  the  Plr  Panjal  pass  the  beds  of  the  gneiss  are  almost  vertical;  still  nearer 
the  summit  of  the  pass  we  come  upon  black  slates  with  imbedded  gnci.ss  pebbles 
apparently  underlying  the  gneiss,  and,  again,  similarly  rindei'laid  by  whitish 
quartzites  which  form  the  summit  of  the  pass.  On  the  south-western  side  of  the 
pass  we  have  a  regular  series  of  rocks  with  a  north-easterly  dij)  apparently 
underlying  the  quartzites ;  these  consist  of  slates,  sandstones  and  conglomerates 
similar  to  those  of  the  opposite  side  of  the  pass,  only  that  the  latter  rocks  are  in 
greater  force  on  the  .south-eastern  side.  These  slates  and  conglomor’ates  continue 
nearly  to  Baramgalla,  where  we  find  amygdaloidal  rocks  interstratified  with  the 
slates :  these  slates  and  amygdaloids  continue  with  the  same  north-easterly  dip 
till  we  come  ujjon  the  limestone  I’ocks  of  the  Suran  river,  which  have  been  mapped 
in  my  previously  published  paper  on  the  geology  of  the  outer  side  of  the  Pir  Pan¬ 
jal  range. 

From  the  above  description  it  will  be  apparent  that  on  the  north-east  side  of 
the  Pir  Panjal  we  have  the  following  series  of  rocks,  counting  from  the  highest 
to  the  lowest,  viz. : — 

1.  Greenish  slates  and  sandstones  and  amygdaloidal  rocks. 

2.  Black  and  green  slates  with  brown  sandstone  conglomerate,  containing 

pebbles  of  quartzite  and  slate. 

3.  Whitish  quaidzites  and  sandstones. 

4.  Black  slates  containing  pebbles  of  gneiss  and  quartzite. 

5.  Granitoid  gneiss  with  occasional  bands  of  slate  and  quartzite. 

If  now  we  turn  to  the  rocks  on  the  southern  side  of  the  gneiss,  we  shall  find 
that  they  present  the  same  series,  only  in  the  reverse  order ;  the  uppermost  rocks 
of-  the  north-eastem  side  being  the  lowest  on  the  south-western  side,  and  vice 
versa. 

This  section  therefore  seems  to  be  only  explicable  in  the  same  manner  as  that 
across  the  Banihalpass  (of  which  I  gave  a  diagram  in  my  previous  paper),  namely, 
by  the  inversion  of  all  the  strata  on  the  south-western  side  of  the  range.  The 
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gneissio  strata  must,  therefore,  form  a  great  anticlinal  axis  conformably  underlying 
the  slates  on  either  side;  this  gneissio  ridge,  however,  is  not  altogether  continu¬ 
ous,  as  it  does  not  occur  in  the  gorge  at  the  bottom  of  the  Jhelam  valley, 
where  the  slates,  much  contorted,  form  the  whole  section,  and  apparently  bend 
round  the  masses  of  gneiss  existing  in  the  hills  on  either  side  of  the  valley. 

According  to  this  view  the  limestones  of  the  Suran  valley,  which  I  presume 
to  be  inverted,  are,  as  I  supposed  in  my  former  paper,  the  topmost  beds  of  the 
Pir  Panjal  series,  and  are  probably,  as  1  shall  show  subsequently,  of  carbonifer¬ 
ous  age !  * 

The  presence  of  gneissio  pebbles  in  the  Panjal  conglomerates  must  probably 
be  accounted  for  by  transport  from  other  outcrops  of  gneiss,  as  the  gneiss  of 
the  Plr  Panjal  is  conformable  to  the  overlying  slates,  and  could  not  have  been 
denuded  at  the  time  of  the  deposition  of  the  latter. 

Having  now  traced  the  slates  and  amygdaloidal  rocks  of  the  Pir  Panjal 
range  along  the  greater  portion  of  tho  south-western  border  of  the  valley  of 
Kashmir,  we  may  cross  to  the  opposite  or  north-eastern  side  of  the  valley,  and 
proceed  with  our  survey.  Taking  the  city  of  Srinagar  as  our  starting-point, 
and  proceeding  thence  to  the  neighbouring  hill  called  the  Takt-i- Suleiman,  we 
find  that  the  rooks  on  the  western  side  of  that  hill  are  massive,  and  without  any 
stratification,  of  a  greenish  color,  and  either  homogeneous  or  amygdaloidal ;  the 
same  rocks  also  form  the  small  hill  on  which  is  built  the  fort  of  Hari-Parbat. 
These  rocks  are  the  same  as  those  which  we  have  already  refeired  to  in  the 
Lower  Sind  valley,  and  which  we  shall  again  have  occasion  to  refer  to,  and,  as 
we  have  seen,  are  probably  to  a  great  extent  of  trappean  origin. 

d’o  the  eastward  of  the  Takt-i- Suleiman,  wc  come  ujjon  a  band  of  black  and 
green  slates,  which,  towards  tho  north-west  of  Zebanwan  station,  is  overlaid  by 
calcareous  sandstones,  cherts,  and  slates;  near  the  Nishat  Hagh  these  rocks  have 
a  northerly  strike  and  dip  towards  the  trap-like  rocks  w'hich  compose  the  main 
range  to  tho  north-cast ;  the  sandstones  contain  imperfect  fossils,  but  too  broken 
for  identification. 

I  think  that  the  lower  slates  near  the  Takt-i -Suleiman,  from  their  resem¬ 
blance  to  other  rocks,  belong  in  all  probability  to  the  Silurian  or  Panjal  period, 
while  tho  overljdng  calcareous  and  arenaceous  rocks  have  a  great  resemblance 
to  the  lower  carboniferous  rocks  of  the  Marbal  pass,  which  we  shall  subsequently 
discuss,  and  may  veiy  possibly  be  the  equivalents  of  these  rocks,  though  in  the 
absence  of  any  definite  proof  to  this  effect,  and  for  reasons  to  bo  noticed  imme¬ 
diately  the  I’oeks  are  all  of  one  color  in  the  map. 

Now  comes  tho  question  as  to  the  relation  of  these  slate  rocks  to  the  trap  : 
we  have  already  seen  that  the  former  dip  towards  the  latter,  and  we  have  also 
seen  that  the  latter  in  the  Lower  Sind  valley  underlies  carboniferous  rocks,  and 
is  consequently  of  high  Silurian  age  ;  this  would  tend  to  show  that  the  slaty  rocks 


•  111  my  former  maji  of  the  Pir  Panjal  region  the  limestone  series  is  not  represented  as 
occurring  to  the  north  of  Eajaori ;  I,  however,  now  find  that  this  is  incorrect,  as  limestone  hands 
do  occur  there,  ra  iiigied  with  the  slates  at  the  apparent  base  of  the  series,  which  belong  to  the 
same  zone  as  tho  more  massive  limestones  to  the  east  and  west. 
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are  not  of  upper  Silurian  and  carboniferous  age,  as  otherwise  they  ought  to 
overlie  the  trap  conformably,  but  that  they  may  be  of  lower  Silurian,  and  have 
been  brought  into  their  present  jiosition  by  faulting,  which  would  well  explain 
the  relations  of  the  two.  I  can,  however,  at  present  say  nothing  certain  on  this 
somewhat  difficult  point. 

Proceeding  from  Srinagar  towards  the  south-eastern  extremity  of  the  valley 
of  Kashmir,  we  find  that  the  same  trap-like  rocks  form  the  sjrars  bounding  the 
Pampiir  valley ;  the  upper  part  of  the  valley  to  the  north  of  the  latter  place  i,s 
occupied  by  a  lenticular  mass  of  carboniferous  limestone,  with  a  north-easterly 
dip,  and  which  apparently  overlies  the  traps,  though  the  relation  is  in  places  dis¬ 
turbed  by  faulting. 

I  am  not  sure  as  to  the  nature  of  the  northern  boundary  of  this  mass  of 
carboniferous  limestone,  but  I  fancy  that  it  is  a  faulted  one.  Beyond  the  lime¬ 
stone  we  again  have  trappean  rocks,  nnderlaid  to  the  north-east  by  slates,  which 
we  shall  subsequently  trace  from  the  Lidar  to  the  Sind  valley. 

It  may  be  well  to  state  here,  before  going  any  further,  that  in  the  Lidar  valley 
the  slate  series  is  overlaid  conformably  by  carboniferous  rocks,  and  must  conse¬ 
quently  be  of  Silurian  age.  In  the  Sind  andNowbug  valley.s,  moreover,  the  same 
slates  will  be  shown  to  be  the  equivalents  of  those  of  the  Pir  Panjal,  the  latter 
also  being  consequently  of  silurian  age  ;  these  slates  of  Kashmir  wdll  therefore 
often  be  referred  to  as  Panjals. 

At  the  mouth  of  the  Lidar  valley  the  silurian  slate'  series  is  interrupted  along 
the  axis  of  the  valley  of  Kashmir  by  carboniferous  rocks  ;  to  the  north  of  the 
latter  rocks,  however,  the  slates  are  continued  ;  their  eastward  extension  will  be 
discussed  in  subsequent  sections. 

The  carboniferous  rocks  of  the  south-east  of  the  valley  of  Kashmir  occupy 
an  irregular  ellipsoidal  area  in  the  midst  of  the  silurian  slates  and  trap-like 
rocks  :  to  the  westward  the  former  rocks  are  bounded  by  the  alluvium  of  the 
Lidar  valley,  where  we  shall  again  refer  to  them  in  the  section  from  Islamabad  ; 
there  is  a  small  outlier  of  the  older  rocks  at  the  latter  place.  The  valley  of  the 
Arput  river  has  cut  a  mde  gap  in  these  rocks,  to  the  ea.stward  of  which  they 
reciir  at  Achibal,  where,  as  well  as  at  Islamabad,  they  dip  at  a  low  angle  to  the 
north-east ;  another  ridge  of  the  .same  rocks  runs  near  Shahabad,  and  disapjtears 
to  the  north-west  beneath  the  alluvium  of  Kashmir ;  the  beds  on  the  south¬ 
western  side  of  this  ridge  have  a  north-easterly  dip,  while  those  on  the  opposite 
side  dip  to  the  south-west. 

Towards  the  south-west  these  carboniferous  rocks  extend  as  far  as  the 
northern  flank  of  the  Banihal  range,  where  I  have  already  referred  them  in  my 
“  Notes  on  the  Geology  of  the  Pir  Panjal.”  At  this  junction  they  have  a  south¬ 
westerly  dip,  and  are  faulted  against  rocks  of  the  Panjal  series  wdth  a  north¬ 
easterly  dip.  To  the  eastward  the  carboniferous  ellipse  extends  a  short  distance 
beyond  the  Marbal  pass,  where  it  will  be  again  referaed  to  in  the  section  from 
Kishtwar  to  Kashmir.  The  north-eastern  boundary  is  very  irregular  ;  in  the 
Arput  valley  it  occurs  between  the  villages  of  Watusii  and  Kor  and  then  bears 
across  to  Nowbug  ;  here  the  Panjal  rocks  cut  into  the  middle  of  it  from  the  south¬ 
east  ;  and  the  inner  boundary  is  a  continuation  of  the  line  of  the  Tansan  river  from 
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the  village  of  Wyl ;  from  the  latter  place  the  Tansan  river  forms  the  hound- 
ary  between  the  carboniferous  and  Panjal  rocks,  as  far  as  the  village  of  Pruma, 
from  whence  the  boundary  again  sweeps  towards  the  north-east,  and  thence 
again  southwards  to  the  Marbal  pass. 

It  will  be  clearly  understood  from  the  above,  that  the  carboniferous  rocks 
of  the  valley  of  Kashmir,  are,  except  to  the  westward,  bounded  by  rocks  of  the 
Panjal  series  ;  and  it  may  be  well  here  to  make  a  few  remarks  on  the  carboni¬ 
ferous  series  of  the  valley  of  Kashmh’. 

The  ridge  to  the  north  of  Shahablid,  on  which  stands  the  station  of  Hazrat- 
Ziarat,  offers  a  fair  section  of  the  carboniferous  limestone,  which  is  here  selected 
for  descrijrtion  ;  the  rocks  composing  this  low  ridge  have  a  north-easterly  dip  of 
about  forty-five  degrees ;  the  lowest  beds  exposed  consist  of  dark  blue  limestone 
often  containing  crinoid  stems  in  considerable  abundance ;  in  the  higher  beds 
this  limestone  gradually  assumes  a  cherty  character,  till  finally,  at  the  summit 
of  the  ridge,  it  passes  into  a  compact  and  fine-grained  sandstone,  of  a  brownish- 
yellow  color.  To  the  noi-th-east  of  this  ridge  there  occurs  a  synclinal  axis  running 
through  the  topmost  sandstones;  in  this  synclinal  the  sandstone  is  in  places  almost 
white,  with  minute  red  ferruginous  specks. 

Passing  further  to  the  north-east,  we  find,  at  the  foot  of  the  ridge  to  the 
north-east  of  the  town  of  Sagam,  an  anticlinal  axi.s,  which  brings  into  view  beds 
still  lower  in  this  series  than  any  of  those  shown  in  the  Hazrat-Ziarat  ridge.  The 
beds  at  the  foot  of  the  fir.st-mentioned  ridge  have  a  south-westerly  dip,  while  those 
further  on  dip  towards  the  north-east.  The  lowest  beds  consist  of  dark-brown 
sandjT  shales,  gradually  becoming  calcareous,  then  containing  distinct  nodules  of 
limestone,  and  finally  passing  into  the  characteristic  dark  bine,  carboniferous 
limestone,  with  crinoids  and  other  fossils.  The  underlying  shales  have  frequently 
a  bacillar  structure ;  the  exposed  beds  below  the  limestone  have  a  thickness  of 
about  sixty  feet,  but  their  base  is  not  visible ;  these  beds  are  readily  distinguish¬ 
able  from  those  which  overlie  the  limestone,  by  being  more  shaly,  less  compact, 
and  of  a  darker  and  duller  color ;  they  contain  no  traces  of  fossils.  The  series 
may  be  tabulated  as  follows  from  above  downwards : — 

1.  Yellowish  and  whitish  sandstones. 

2.  Blue  limestone. 

3.  Shales,  with  limestone  nodules. 

4.  Shaly  sandstones. 

Whether  the  whole  of  the  four  groups  of  beds  noticed  in  the  above  table  should 
be  referred  to  the  carboniferous  series  T  am  unable  to  say,  as  no  fossils  have  been 
found  here  either  in  the  highest  or  the.  lowest  beds. 

With  regard  to  the  highest  beds,  which  are  often  replaced  by  banded  limestones, 
I  can  only  say  that  thoiy  very  probably  represent  some  of  the  triassic  beds  which 
overlie  the  carboniferous  limestones  in  other  areas,  but  that,  in  the  absence  of 
fossils,  we  cannot  be  sure  of  this.  Some  of  the  underlying  shales  may  very  pro¬ 
bably  belong  to  the  upper  Panjal  or  Silniian  series. 

It  may  not,  peihaps,  be  out  of  place  here  to  mention  the  springs  of  water 
which,  at  Vemag,  Achibal,  Bowan,  and  Islamabad,  bui'st  forth  from  the  bases  of 
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cliffs  of  tlie  carboniferous  limestone.  These  springs  are  of  such  volume  as  to 
form  small  rivers  at  their  origin,  and  take  a  considerable  part  in  forming  the 
waters  of  the  upper  Jhelam.  At  the  two  first-mentioned  localities  the  springs  rise 
from  the  base  of  cliffs  situated  at  right  angles  to  tho  strike  :  while  at  the  two 
latter  they  rise  from  true  escarpments.  It  seems  difficult  to  account  for  the  well¬ 
ing  up  of  such  great  volumes  of  water,  without  calling  in  the  aid  of  faults,  although 
the  relation  of  the  rocks  to  neighbouring  outcrops  does  not  lend  much  counten¬ 
ance  to  this  hypothesis. 

The  rooks  at  the  north-western  extremity  of  the  valley  of  Kashmir  I  have 
at  present  only  partly  examined.  To  the  north  of  Srinagar  as  far  as  the  Sind 
valley,  I  have  not  surveyed  the  rocks  :  the  rocks  of  tho  valley  beyond  the  Sind 
river  will  be  found  described  in  the  Amrnath  and  Sind  valley  section. 

III. — Section  from  IsLAJikuiD  to  Amrnath,  and  from  Palgam  to  Sind  Valley 
AND  North-West  Kashmir. 

Passing  up  the  Lidar  valley  from  Islamcibad,  we  have,  on  the  left  bank  of 
the  river,  rocks  of  tho  carboniferous  series,  as  far  up  as  the  village  of  Hutmoru  ; 
at  Bowan  these  rocks  consist  of  dark  blue  limestone,  with  a  north-easterly  dip ; 
above  Bowan  there  are  several  flexures,  and  slates  and  sandstones  are  mingled 
with  the  limestones.  North  of  Hutmoru  we  come  upon  rocks  of  the  Panjal 
or  Silurian  series,  consisting  of  chloritic  slates  and  sandstones,  with  a  few 
amygdaloids  ;  their  dip  is  at  first  north-east. 

These  Panjal  rocks  continue  as  far  as  the  village  of  Eishmakam,  where  they 
are  overlaid  conformably  by  a  series  of  green  and  white  sandstones,  blue  lime¬ 
stones,  and  then  by  blackish  slates  and  sandstones.  The  limestones  contain 
crinoid  stems,  and  two  genera  of  corals  very  closely  allied  to  the  genera  ZapJi- 
rentis  wi  Gyathojihyllum ;  the  overlying  slates  and  sandstones  are  full  ct  Fenes- 
tell'a,  Froductiis,  and  Spirifer,  of  carboniferous  species.  The  series  at  Eishmakam 
may  be  tabulated  as  follows,  from  above  downwards  : — 

1.  Slates  and  sandstones  with  Fenestella,  Procluctus,  and  '?l’*^i/'®^)Qarboni- 

2.  Sandstones  and  dai'k  blue  limestones  with  corals  and  crinoids?  fgj.ous 

3.  White  and  blue  sandstones  ...  ...  ■••J 

4.  Blue  or  green  slates  and  amygdaloids=  ...  ...  Silurian. 

This  section  proves  the  silurian  age  of  the  slate  series  of  this  part^  of 
Kashmir,  while  the  next  section  will  show  that  these  slates  are  tho  same  as 
those  of  the  Pir  Panjal.  It  will  be  observ'ed  that  tho  carboniferous  rocks 
of  Eishmakam  have  precisely  tho  same  relationship  to  the  Panjal  series  as 
have  the  Kiol  series  of  tho  outer  hills  to  the  same  rocks;  the  two  overlying  series 
are  also  very  similar  in  mineralogical  composition.  In  my  “Notes  on  the  Geo¬ 
logy  of  the  Pir  Panjal,”  I  suggested  that  the  Kiol  group  was  of  upper  silurian 


I  It  may  fie  well  to  ofisorve  hero  that  in  tfie  more  eastern  Himalayas,  there  is  no  distinct 
Devonian  period;  and  the  same  rule  is  field  to  iircvail  here.  Similarly  we  may  notice  the  afisence 
of  any  distinct  permian  period  in  the  more  eastern  Himalayas,  and  profiahly  also  in  the  more 
western ;  vide  infra. 
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age ;  the  present  section,  however,  makes  me  think  that  it  must  he  of  carboni¬ 
ferous  age. 

The  carboniferous  rocks  of  Eishmakam  continue  nearly  up  to  the  village  of 
Bhatkot,  where  wo  come  upon  a  bold  escarjjmcnt  of  amygdaloidal  and  green¬ 
stone-like  rocks,  which  seem  to  be  faulted  against  the  carboniferous  rocks,  cut¬ 
ting  them  out  to  the  south-east  along  the  ridge  on  which  stands  Liwarpatar 
station.  Above  the  traj)s  we  have  rocks  consisting  chiefly  of  massive  blue  and 
green  sandstones  and  some  amygdaloids ;  as  these  traps  are  overlaid  by  slates,  and 
are  not  in  close  relation  to  the  carboniferous  series,  they  may  probably  he  some¬ 
what  lower  in  the  serie.s  than  those  of  the  Sind  valley  and  Pir  Panjal.  To  the 
west  of  the  Lidar  river,  the  carboniferous  rocks  seem  to  ho  faulted  against  the 
trap  of  Churn  station. 

The  Panjal  slates  continue  nearly  as  far  as  the  village  of  Palgam ;  near  the 
latter  place  we  come  upon  another  outlier  of  carboniferous  lime.stones  and  slates, 
overlying  the  Panjals  ;  on  the  Shisha-Nag  road  to  the  south-west  of  Praslung  the 
Panjals  again  come  in  beneath  the  carboniferous  limestones,  wliich  have  here 
a  northerly  strike  and  we.stei-ly  dip.  The  Panjals  here  consist  chiefly  of  slates  and 
bluish-green  slaty  sandstones,  partially  metamor;i3ho.scd. 

The  same  Panjal  rocks  continue  to  Chandanwuri,  whore  they  have  a  north¬ 
easterly  dip,  and  underlie  the  white  sandstones  and  dark  blue  limestones  of 
the  carboniferous  serie.s,  which  hero  stretches  in  a  south-easterly  direction  below 
the  Shisha-Nag  into  the  Wardwan  valley ;  the  Panjals  in  places  contain  a  few 
beds  of  amygdaloids  interstratified  with  the  slates. 

Taking  a  direct  section  from  Chandanwari  across  the  strike  to  Amrnath, 
via  the  Koun-Nag,  we  find  that  the  dark  blue  carboniferous  limestones  (contain¬ 
ing  corals  and  crinoids)  arc  inter, stratified  wfith  thick  beds  of  slate  and  sandstone, 
and  continue  nearly  up  to  Aston-lfarg ;  at  the  latter  place  bands  of  white 
dolomitic  limestones  become  common,  and  beyond  this  the  series  consists  of  almost 
pure  white  dolomite  with  the  same  north-easterly  dip  up  to  the  Koun-Iiag;  hero 
we  find  the  dolomites  ovoi'laid  by  light  blue  limestones,  sandstones,  and  slates  ; 
further  in  still  (to  the  west  of  Panjtami  station)  the  strata  consist  entirely  of 
slfites  and  sandstones  overlying  the  limestones ;  near  this  place  the  strata  are  greatly 
disturbed  by  contortions.  Further  north,  however,  to  the  south  of  Panjtami 
halting-place,  we  again  come  uf)on  strata  of  wbite  dolomite,  with  a  south-westerly 
dip,  which  immediately  underlie  the  slates  and  sandstones  of  Panjtami  station 
without  any  intervening  limestones  ;  these  slates  will  consequently  be  the  highest 
of  the  series  in  this  district. 

Taking  the  road  to  Amraath  vid  Nag-,  we  find  that  to  the  north  of  Panjtami 
the  strike  of  the  white  dolomites  has  become  due  north  and  their  dip  due  w-ost ; 
about  a  mile  to  the  east  of  Nag,  the  dolomites  are  overlaid  conformably  by 
slates  and  sandstones,  the  former  with  a  bacillar  structure.  These  slates  and  sand¬ 
stones  are  continuous  with  those  of  Panjtami,  and  to  the  west  of  Amrnath  cave 
strike  into  the  Zoji-la  pass,  where  they  form  the  “  bacillar  sandstones  ”  noticed 
by  Dr.  Stoliezka  at  page  349  of  “  Observations  in  Western  Tibet.” 

The  dolomites  strike  through  the  .station  and  sacred  cave  of  Amrnath  and 
appear  again  on  the  Dras  road  to  the  north-east  of  the  Zoji-la  pass,  and  are 
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Iiere  continuous  A^^th  rhasto-triassic  strata,  described  by  Dr.  Stolickza,  which 
we  shall  again  refer  to.  To  the  east  of  Amrnath  we  have  a  descending  series 
of  limestones  and  dolomites  ;  these  rocks  are  more  blue  in  color,  to  the  west,  and 
may  probably  be  in  part  carboniferous. 

The  dolomites  and  limestones  to  the  south  of  Panjtarni  station  also  bear 
round  to  the  north,  and  seem  to  be  continuous  with  the  tria.ssic  limestones  and 
slates  described  by  Dr.  Stolickza,  on  the  Kashmir  side  of  the  Zoji-la. 

In  a  section  from  Shisha-Kag  to  Panjtai-ni,  we  have  much  the  same  rock- 
series  as  from  Chandanwari,  except  that  immediately  below  the  slates  of  Panj¬ 
tarni  station,  the  dolomites  are  mixed  with  sandstones,  slates,  and  light-blue 
limestones,  in  jjlace  of  being  nearly  homogeneous  as  at  Aston-Marg. 

As  to  the  age  of  the  above  strata,  we  have  seen  that  the  slates  and  lime, stones 
of  Chandanwari  are  carboniferous;  the  strata  above  this  blue  limestone  do 
not  contain  recognisable  fossils,  but  belong  in  all  probability  to  the  triassic  period. 

The  dolomites  of  Amrnath  are  continuous  with  the  dolomitic  limestones  north 
of  the  Zoji-la,  which  Dr.  Stolickza  considers  as  equivalent  to  the  Para  lime.stone. 
The  similar  dolomites  to  the  south  of  Panjtarni,  which  we  have  seen  are  partly 
replaced  to  the  eastward  by  limestones  and  sandstones,  will  consequently  bo  of 
the  same  age,  and,  as  I  have  said  before,  seem  to  be  continuous  with  the  undoubted 
trias.sic  limestones  to  the  south  of  the  Zoji-la. 

There  now  only  remains  the  question  of  the  slates  and  sandstones  of  Panj¬ 
tarni,  and  the  sandstones  of  the  Zoji-la ;  the  latter  were  considered  by  Dr. 
Stolickza  to  underlie  the  triassic  limestones  and  consequently  to  be  of  carboni¬ 
ferous  age ;  it,  however,  appears  that  the  section  was  not  clear,  and  we  must 
consider  it  to  bo  a  case  of  inversion,  since  wo  have  seen  that  these  slates  and 
sandstones  most  distinctly  overlie  and  occur  in  a  trough  of  the  dolomites  which 
occur  to  the  south-east  of  the  Zoji-la.  As  before  said,  therefore,  these  slates 
must  be  the  highest  beds  of  the  rlneto-triassic  series. 

The  dolomites  to  the  north-east  of  the  Zoji-la,  according  to  Dr.  Stoliezka, 
overlie  the  triassic  limestones  ;  the  same  limestones  must  therefore  be  represented 
to  the  east  of  Amrnath ;  while  still  further  east  I  think  the  underlying  strata 
must  be  carboniferous;  these  lower  rocks  would  sweep  round  to  underlie  the 
triassic  beds  of  the  Dras  river. 

The  strata  of  piu’e  triassic  dolomite  are  easily  recognised  from  great  distances 
by  weatheiing  into  the  most  fantastically-shaped  pinnacle  crags  ;  this  is  particu¬ 
larly  well  shown  near  Amrnath  cave. 

lieturning  now  to  Palgam,  we  have  to  continue  our  section  to  the  north-west 
into  the  Sind  valley ;  immediately  to  the  north-west  of  Palgam,  the  limestones 
and  slates  of  the  carboniferous  series  continue  as  far  as  the  villarj-e  of  Aru 
where  they  are  faulted  against  the  silurian  slates,  and  where  they  bend  round 
to  the  eastward  to  join  the  Praslung  boundary. 

Prom  this  point  to  the  Sind  valley  at  Kulan,  we  have  a  succession  of  chloritic 
sandstones  and  grey  and  black  slates  of  the  siluilan  series,  intermingled  with 
a  few  bands  of  amygdaloidal  trap,  with  a  north-easterly  dip  to  the  north  of 
Lidarwat,  and  a  south-westerly  dip  to  the  southward  of  this  place.  These 
Silurian  rocks  continue  as  far  as  the  north  side  of  the  Kolahoi  range,  beyond 
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which  we  again  come  upon  the  limestones  of  the  carhoniferons  and  triassic 
series,  which,  beyond  Harbagwan,  bend  round  with  a  west-north- west  strike. 

In  the  Sind  valley  to  the  north  of  Kulan,  the  Silurian  rocks  gradually 
entirely  lose  their  chloritic  and  amygdaloidal  character,  and  consist  of  black  and 
greyish  slates ;  a  little  to  the  south  of  Gaggangan  these  slates  are  succeeded  by 
massive  dark-blue  limestones,  with  blue  and  white  sandstones  at  the  base,  which, 
from  their  position,  must  undoubtedly  belong  to  the  carboniferous  series,  and 
which  are  doubtless  continuous  with  the  rocks  of  the  same  age  and  character  to 
the  north  of  Kolahoi.  It  is  not  improbable  that  some  of  the  slates  to  the  south 
of  Gaggangan  may  also  belong  to  the  carboniferous  series,  though  I  have  placed 
the  boundary  at  the  limestones  as  being  the  only  distinct  line. 

These  limestone  rocks  continue  as  far  as  the  ridge  on  which  stands  Shalian 
station,  at  the  base  of  which  we  come  upon  a  fault ;  the  rocks  composing  the 
latter  ridge  have  a  north-ea.sterly  dip,  and  at  the  base  consist  of  amygdaloidal 
traps,  overlaid  by  chloritic  rocks,  which  arc  probably  of  metamorphic  origin. 

These  rocks  are  probably  of  silurian  age,  and  seem  to  have  been  thrust  up 
in  the  middle  of  the  carbonifero-triassic  rocks  (as  we  shall  see  immediately)  ; 
I  cannot,  however,  be  certain  as  to  what  position  they  occupy  in  the  former 
series ;  we  have  seen  that  the  top  of  the  silurian  series  which  immediately 
underlies  the  carboniferous  limestone  of  Gaggangan  does  not  contain  any  trap, 
and  it  is  therefore  hardly  likely  that  those  rocks,  irrespective  of  their  posi¬ 
tion,  are  the  same  as  those  slates.  I  think  it  more  probable  that  they  belong  to 
some  lower  silurian  zone,  which  has  been  subsequently  brought  into  its  present 
position  by  faulting ;  this  may,  however,  be  a  case  of  a  local  trap  outflow  and 
subsequent  metamorphism  of  the  upper  slates. 

This  band  of  trap  and  silurian  rocks  continues  to  the  south-east,  forming 
the  high  range  below  Sonamarg ;  on  the  northern  side  of  this  range  we  come 
upon  beds  of  light  blue  and  banded  limestones,  white  dolomites,  and  slates  having 
at  Thajwaz  a  south-westerly  dip,  and  which  seem  to  be  faulted  against  the 
Silurians.  To  the  north  of  the  last-mentioned  village  these  limestone  rooks 
have  a  north-easterly  dip,  and  form  a  continuous  ascending  series  to  the  north¬ 
wards,  where  they  are  overlaid  by  sandstones  and  slates,  similar  to  those  of  the 
Zoji-la  and  Panjtarni  station  ;  tracing  these  latter  rocks  along  the  ridge  towards 
the  Zoji-la,  we  find  that  they  are  inverted  in  several  places,  which  accounts  for 
Dr.  Stoliezka’s  supposition  that  they  were  older  than  the  limestones. 

The  Thajwaz  banded  limestones  are  very  different  from  the  massive  dark- 
blue  limestone  of  Gaggangan  ;  from  the  fact  that  Dr.  Stoliezka  found  a  triassic 
ammonite  almost  at  the  base  of  the  former  scries,  it  is  clear  that  at  least  tlie 
greater  part  of  the  rocks  to  the  north  of  the  silurian  band  must  be  of  rliado- 
triassic  age,  and  I  have  accordingly  so  colored  them  in  the  map. 

To  the  east  of  Sonamarg,  I  have  traced  these  triassic  rocks  up  the  Nichinai 
stream  into  the  Kishenganga  watershed ;  their  distribution  in  the  latter  district 
must,  however,  be  reserved  for  a  future  season’s  work. 

Retuiming  now  to  Kulan,  we  h.ave  to  follow  the  Sind  river  into  the  valley 
of  Kashmir.  Green  and  grey  slates,  with  some  bands  of  amygdaloids,  and  of 
the  very  characteristic  conglomerate  of  the  Pir  Panjal,  continue  to  the  village 
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of  Mamar ;  the  occurrence  of  this  conglomerate  in  the  slate  series  of  this  side 
of  Kashmir  proves  them  to  he  the  equivalents  of  the  slates  and  traps  of  the  Pir 
Panjal.  On  the  right  bank  of  the  Sind  liver  these  slate  rocks  seem  all  to  have 
a  north-easterly  dip  ;  on  the  left  bank,  however,  an  anticlinal  axis  occurs  below 
the  village  of  Rewil ;  there  is  probably,  therefore,  either  a  break  or  a  concealed 
fold  among  the  rocks  of  the  right  bank. 

Some  little  distance  below  the  last-named  village,  wo  come  upon  an  entirely 
different  series  of  rocks ;  on  the  right  bank  of  the  river  we  find  at  the  base  of 
the  cliffs  (the  dip  being  to  the  north-east)  a  considerable  thickness  of  coarse 
gneissic  rocks  followed  by  unaltered  grey  sandstones,  massive  blue  limestones, 
and  overlaid  by  slates.  The  relation  of  these  rocks  to  the  silurians  on  the  north¬ 
east  is  not  well  seen,  but  I  think  a  fault  divides  them. 

To  the  north-west  and  north  these  rocks  are  apparently  faulted  against  a  mass 
of  what  seems  to  be  trap-like  rocks,  which  we  have  already  discussed.  These 
trap-like  rocks  form  a  band  extending  from  the  east  of  Safapiir  station  towards 
Haramuk ;  similar  rocks  occur  on  the  left  bank  of  the  Sind  valley,  but  the  exact 
division  between  these  and  the  Silurian  slates  is  there  also  in  groat  part  con¬ 
cealed  by  forest. 

At  the  northern  side  of  the  extremity  of  the  spur,  which  forms  the  right  bank 
of  the  Sind  vaUey,  we  come  upon  dai’k  blue  massive  limestones,  which  overlie  the 
trap-like  rocks,  their  strike  being  north-westerly,  and  their  dip  north-easterly.  These 
limestones  extend  a  little  to  the  north  of  Safapur  station ;  to  the  west  of  this 
ridge  we  again  come  upon  trap-like  rocks,  where  a  peninsula  of  these  rocks  extends 
into  the  middle  of  the  limestone,  and  the  latter  has  a  quaquaversal  dip  around 
the  trap. 

To  the  south  of  the  lake  of  Manasbal,  at  Aha-tang  station,  we  have  another 
mass  of  greenstone-like  rock  showing  through  the  limestones ;  these  limestones  at 
and  near  Kandabal  overlie  the  compact  blue  limestone,  and  consist  chiefly  of  white 
dolomitic  beds,  which  are  identical  in  character  with  those  of  Ammath,  and 
which,  I  have  not  the  least  doubt,  are  likewise  of  triassic  age.  The  massive 
blue  limestone  has  not  yielded  characteristic  fossils,  though  it  contains  crinoids, 
and  brachiopods,  and  has  yielded  a  species  of  Orthoceras  to  Mr.  Theobald’s  search  ; 
there  can,  however,  be  not  the  slightest  doubt  from  its  character  and  position 
beneath  the  dolomitic  beds,  that  it  must  bo  considered  of  carboniferous  age. 

The  position  of  the  presumably  trappean  I’ocks  beneath  the  carboniferous 
limestone,  shows  that  if  the  former  be  nou-intrusive,  they  must  be  pre- 
carboniferous ;  while,  on  the  other  hand,  if  they  be  intrusive,  they  must  bo  pwst- 
carboniferous. 

From  the  form  of  their  occurrence  in  a  dome-shaped  mass  beneath  the  lime¬ 
stones,  it  might  be  supposed  at  first  sight  that  these  trap  rocks  were  intrusive : 
the  absence,  however,  of  all  dykes  penetrating  the  limestone  seems  to  forbid  this 
view ;  and  wo  can  only  conclude,  as  I  have  said  before,  that  they  are  non- 
intrusive  rocks,  and  arc  the  representatives  of  the  more  thin-bedded  amygdaloid  al 
traps  of  the  upper  slates  of  the  Pir  Panjal. 

We  must  now  revert  for  a  moment  to  the  gneiss,  sandstones,  and  limestones 
which  occur  between  the  trap-like  rocks  of  the  Sind  valley,  in  order  to  endeavour 
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to  find  out  their  age.  I  must,  however,  first  observe  that  the  carboniferous  series 
of  Kashmir  is  liable  to  great  variation  in  mineralogical  composition,  even  in  con¬ 
tiguous  areas.  Thus,  we  have  seen  that  at  Islamabad  this  series  consists  almost 
entirely  of  limestones ;  at  Eishmakam,  limestones  are  comparatively  scarce,  and 
sandstones  and  slates  the  prevalent  rocks ;  while  again  at  Palgam  and  Shisha- 
Nag,  limestones  j)redominate. 

Now,  it  will  be  observed  that  these  sedimentary  rocks  of  the  Low^er  Sind 
valley,  if  we  exeept  the  lower  gneiss,  are  almost  identical  in  composition  with  the 
carboniferous  rocks  of  Eishmakam ;  and  I  think  it  possible  that  they  both  belong 
to  the  same  period ;  the  lower  gneiss  beds  would  be  the  representatives  of  the 
sandstones  of  Eishmakam,  which  have  been  altered  by  some  subsequent  meta- 
morphic  action ;  which,  as  we  have  seen  in  the  case  of  the  trap-like  rocks,  has 
been  strong  in  this  area. 

It  is,  I  think,  perfectly  clear  that  these  rocks  cannot  belong  to  the  Silurian 
series,  in  which  limestone  never  occurs,  nor  do  I  think  from  their  composition 
that  they  belong  to  the  older  gneiss,  though  Mr.  Drew  apparently  favors  that 
view. 

In  conjecturally  referring  them  to  the  carboniferous  period,  however,  a  diffi¬ 
culty  occurs,  in  that  they  are  so  different  in  mineralogical  character  to  the  neigh¬ 
bouring  carboniferous  limestones  of  the  valley  of  Kashmir.  The  only  way  out 
of  this  difficulty,  to  my  mind,  is  in  considering  that  the  carboniferous  rocks  of 
Kashmir  were  deposited  in  basins  in  a  sea  broken  up  by  islets  or  peninsulas. 
The  rocks  deposited  in  deep  water  might  well  be  ehicfly  calcareous,  while  those 
deposited  in  shallows  and  along  the  shores  w’ould  consist  of  grits,  clays,  and  a  few 
calcareous  bands. 

This  supposition  would  explain  the  difference  in  the  two  types  of  undoubted 
carboniferous  rocks  of  Kashmir ;  the  one  exemplified  by  those  of  the  upper  Lidar 
valley,  and  Manasbal,  and  the  other  by  those  of  Eishmakam.  In  the  former 
series  there  is  an  almost  unbroken  succession  of  limestones  through  the  carboni¬ 
ferous  and  triassic  periods,  while  in  the  other  the  upper  carboniferous  beds  are 
all  sandy  and  clayey,  and  are  not  overlaid  by  trias. 

The  cai-boniferous  limestones  of  Eastern  Kashmir  belong  to  the  former  type, 
thouo'h  we  cannot  say  for  certain  that  they  are  overlaid  by  trias ;  at  the  Marbal 
pass,  as  we  shall  see,  they  are  replaced  by  rocks  of  the  second  or  littoral  type. 

The  gi’its,  clays,  and  limestones  of  the  Lower  Sind  valley,  if,  as  I  think  possi¬ 
ble,  they  are  of  carboniferous  age,  must  be  the  littoral  deposits  of  the  basin  in 
which  the  massive  limestones  and  dolomites  of  Manasbal  were  laid  down.  I  can¬ 
not,  however,  be  at  all  certain  as  to  the  age  of  these  rocks,  and  have  accordingly 
left  them  blank  on  the  map. 

Before  proceeding  to  examine  the  rocks  of  the  region  of  the  Wular  lake,  it 
may,  perhaps,  be  well  to  glance  for  a  moment  at  the  description  of  the  rocks  of 
the  Sind  valley  given  by  Dr.  Stoliczka  at  page  349  of  his  “  Observations  in 
Western  Tibet.”  In  justice  to  the  memory  of  such  an  authority,  it  must, 
however,  be  observed,  that  his  notices  of  these  rocks  were  made  on  the  evidence 
of  a  single  hurried  section,  on  his  return  from  an  arduous  journey  in  Tibet ; 
while  my  own  observations  are  the  result  of  a  far  wider  survey.  It  is  not,  there- 
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fore,  to  be  wondered  at  if  some  of  Dr.  Stoliczka’s  conjectural  correlations  of 
t'lese  rocks  require  certain  modification  at  our  hands. 

In  Dr.  Stoliczka’s  Memoir,  the  triassic  age  of  the  Thajwaz  limestones  was 
proved  by  the  occurrence  of  a  characteristic  ammonite ;  it  appears,  however, 
that  the  Shalian  ridge  of  trap  and  probably  silurian  slates  was  not  noticed,  but 
that  the  Thajwaz  limestone  was  supposed  to  rest  directly  on  the  massive  limestone 
of  Gaggangan ;  the  slates  underlying  the  latter  were  STipposed  to  be  of  car¬ 
boniferous  age — a  supposition  which  is  in  part  quite  likely  to  be  correct,  though 
the  lower  slates  are  silurian.  The  massive  chloritic  rocks,  supposed  to  be  of 
Silurian  age,  seem  to  be  in  part  at  least  the  above-mentioned  trap  rocks,  which 
we  also  have  referred  to  the  upper  silurian  series ;  the  gneiss  and  limestones 
below  Marmar  are  not  noticed. 

Commencing  our  survey  of  the  rocks  around  the  Wular  lake,  we  find  that 
trap  forms  the  greater  part  of  the  rocks  as  far  as  the  Bndkool  river,  masses 
of  carboniferous  limestone,  however,  occurring  along  the  borders  of  the  lake, 
notably  at  Sadykut,  Matipur,  and  on  the  left  bank  of  the  Budkool  river.  The 
limestones  usually  have  a  north-easterly  strike. 

To  the  noi'th  of  the  Wular  lake,  the  ti-ap-like  rocks  extend  to  a  little  beyond 
Kahati  station,  where  they  are  overlaid  by  black,  green  and  grey  silurian  slates,  and 
green  and  buff  sandstones,  with  an  east-north-east  strike,  and  north-westerly  dip  ; 
on  the  supposition  that  the  trap-like  rocks  are  the  highest  Silurians,  this  must  be  a 
case  of  inversion. 

These  slates  and  sandstones  form  the  mountains  surrounding  and  jutting  into 
the  Lolab  valley ;  at  Trigumma  the  green  slates  with  a  westerly  dip  are  over¬ 
laid  by  massive  blue  carboniferous  limestone,  which  forms  the  spur  to  the  north¬ 
west  of  the  latter  place  :  a  synclinal  axis  runs  along  this  spur,  and  the  limestones 
to  the  westward  are  again  underlaid  by  slates :  the  lower  beds  of  the  former 
alternate  on  this  side  with  beds  of  green  slate. 

The  position  of  the  Lolab  slates,  beneath  the  carboniferous  limestone,  shows 
that  the  former  are  of  silurian  age,  and  correspond  with  the  slates  of  the  Pir 
Panjal. 

To  the  west  of  Shalura  we  have  various  colored  slates,  white  and  green 
quartzitic  sandstones,  and  amygdaloidal  traps,  all  of  which,  I  believe,  are  inter- 
stratified  with  the  sedimentary  rocks,  and  which  must  therefore  belong  to  the 
silurian  series.  The  sandstones  and  slates  to  the  west  of  the  Trigumma  lime¬ 
stone  are  much  more  altered  than  those  to  the  east,  owing  to  the  presence  of  the 
traps  in  the  one  area,  and  their  absence  in  the  other.  To  the  south  of  Shalura 
the  silurian  slates  can  be  traced  along  the  northem  flank  of  the  Kaj-Nag  range 
to  Baramula,  from  whence  we  have  already  traced  them  along  the  Pir  Panjal. 

This  section,  therefore,  again  jiroves  the  identity  of  the  slate  series  of  the  two 
sides  of  Kashmir,  and  also  their  silurian  age. 

IV. — Section  from  Kashmir  to  Maeu-Wabdwan  and  thence  to  Kishtwae. 

Starting  from  the  town  of  Sagam,  we  leave  the  semi-ellipse  of  the  carboni¬ 
ferous  limestone  at  the  village  of  Panzgam  or  Panzgama,  and  again  come  on  the 
slates  and  amygdaloids  of  the  Panjal  series,  which  we  have  already  traced  along' 
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the  north-eastern  boundary  of  the  valley  of  Kashmir.  At  the  village  of  Soap  to 
the  east-north-east  of  Sagam,  there  are  very  extensive  iron  works  belonging  to 
the  Maharaja ;  the  iron  seems  chiefly  to  occur  in  the  form  of  carbonate  and  oxide 
at  the  base  of  the  carboniferous  series ;  Dr.  Ince  in  his  “  Guide  to  Kashmir,  ” 
when  describing  these  works,  mentions  also  the  occurrence  of  silver  and  lead  at 
the  same  place,  and  I  have  been  slio\vn  specimens  of  the  ore  of  the  latter  metal 
said  to  have  been  obtained  from  there. 

The  rocks  of  the  Panjal  series  at  Panzgam  have  a  north-easterly  dip  of  about 
fifty  degrees  and  consist  in  great  part  of  the  amygdaloids,  intermingled  with 
slates  and  slightly  altered  sandstones. 

At  the  village  of  Shatru  we  come  upon  the  semi-detached  mass  of  carboniferous 
limestone,  preriously  refeiTed  to,  with  a  low  north-easterly  dip,  extending  as  far 
as  the  town  of  Nowbug,  and  both  boundaries  of  which  appear  to  be  faulted.  To 
the  south  of  the  Kowbiig  outlier  of  carboniferous  limestone,  an  anticlinal  axis 
runs  through  the  Panjal  rocks,  which  seems  to  be  continuous  with  the  anticlinal 
which  traverses  the  carboniferous  limestone  to  the  north  of  Sagam.  The  Panjal 
rocks  to  the  south  of  Nowbiig  are  chiefly  slates. 

Between  ISTowbug  and  the  Margan  pass  the  Panjal  rocks  form  in  the  main  a 
regular  ascending  series,  interrupted  by  several  minor  flexures ;  for  some  distance 
above  Kowbug  these  rocks  chiefly  consist  of  amygdaloids,  mingled  with  slates, 
while  nearer  the  pass,  slates  and  quartzitic  sandstones  are  more  prevalent ;  the 
slates  are  sometimes  banded,  but  are  more  usually  of  a  uniform  olive-green  color, 
marked  with  reddish  ferruginous  spots ;  at  the  top  of  the  pass  the  rocks  are 
mainly  whitish  quartzose  sandstones.  Throughout  the  series  there  are  occasional 
bands  of  amygdaloids,  while  I  also  noticed  numerous  fragments  of  the  character¬ 
istic  conglomerate  which  has  been  referred  to  above  as  occurring  onthePir  Panjal ; 
I  did  not,  however,  observe  this  rock  in  situ;  this  was  probably  owing  to  the  quantity 
of  snow  which  lay  on  the  pass  at  the  time  of  my  crossing. 

A  short  distance  to  the  north-east  of  the  Margan  pass  a  synclinal  axis  tra¬ 
verses  the  rooks,  which  must  be  high  up  in  the  Panjal  series,  and  from  thence 
we  have  a  regular  descending  section  with  a  south-westerly  dip  to  the  valley  of 
the  Wardwan  river,  repeating  the  series  of  rooks  which  occur  on  the  south-west 
side  of  the  pass. 

The  quartzose  sandstones  on  and  near  the  Margan  pass  exhibit  very  beautiful 
examples  of  “broad  ripple;”  the  large  slab  of  nearly  white  sandstone,  which  has 
been  placed  as  a  “cairn”  on  the  summit  of  the  pass,  is  a  notable  example  of  this 
ripple ;  other  examples  of  rippled-marked  rocks,  covering  surfaces  of  many  square 
feet,  are  also  exposed  on  the  road  between  the  pass  and  Inshin,  in  the  slate  series ; 
marks  which  1  take  to  be  annelid  or  molluscan  tracks  may  also  be  occasionally 
observed  on  some  of  these  ripple-marked  slabs. 

It  will  be  observed  that  the  white  quartzitic  sandstones  which  occur  high  up 
in  the  Panjal  series  on  the  Margan  pass,  have  a  striking  resemblance  to  part  of 
the  KIol  series  which  I  have  considered  elsewhere  (Rec.  Geol.  Surv.  Ind., 
Vol.  IX,  p.  160)  as  being  probably  the  top  of  the  Panjal  series  in  the  outer 
hills ;  the  limestone  which  underlies  the  sandstones  in  the  latter  region  is  not, 
however,  represented  on  the  Margan  pass ;  it  is  not  impossible  that  some  of  these 
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sandstones  really  belong  to  tbe  carboniferous  series  like  that  of  Bisbmakam ;  in 
the  absence  of  fossils,  however,  I  have  thought  best  to  class  them  as  silurian. 

Reverting  to  our  section,  we  find  that  at  the  village  of  Inshin  the  Wardwan 
I’iver  follows  for  a  short  distance  on  the  course  of  an  anticlinal  axis  in  the  Panjal 
slates,  the  rocks  on  the  right  bank  of  the  river  having  a  south-westerly  dip, 
while  those  on  the  left  bank  have  a  north-easterly  dip.  Below  Inshin  the 
anticlinal  axis,  with  a  north-westerly  strike,  continues  for  a  short  distance  along 
the  course  of  the  river,  and  then,  leaving  the  river,  bends  down  and  gains  a  nearly 
north-and-south  strike.  Continuing  our  course  below  Inshin  along  the  river,  after 
leaving  the  anticlinal,  we  pass  for  a  short  distance  across  beds  with  an  easterly 
dip ;  further  down  the  river  we  cross  a  synclinal  axis,  the  beds  to  the  eastward 
of  this  axis  having  a  nearly  due  westerly  dip.  As  we  proceed  to  the  eastward 
the  rocks,  which  at  first  consi.sted  of  bluish  slates  and  slaty  sandstones,  become 
gradually  more  and  more  micaceous  and  metamorphosed,  until  we  come  upon 
an  anticlinal  axis  of  gneiss,  with  a  north-and-sorrth  strike,  about  seven  miles 
above  Maru ;  the  gneiss,  with  mica-schists  and  micaceous  slates  or  shales,  con¬ 
tinues  in  a  series  of  minor  synclinals  and  anticlinals  as  far  as  Maru. 

To  the  north  of  Inshin  the  Panjal  series  continues  as  far  as  the  old  fort  of 
Bassman,  where  those  rocks  are  again  underlaid  by  gneiss. 

It  will  be  observed  from  the  above  that  no  hard-and-fast  boundary  can  be 
drawn  between  the  Panjal  series  on  the  one  hand,  and  the  underlying  gneiss 
series  on  the  other,— there  being  a  gradual  transition  betw^een  the  two.  The 
boundary  here  and  elsewhere  between  the  two  series  is  generally  drawn  nearest 
to  the  first  band  of  gneiss ;  it  wdll  be  noticed  in  the  sequel  that  many  thick  masses 
of  slaty  rocks  occur  in  various  places  wdthin  the  gneissic  area ;  in  some  cases  it  is 
extremely  probable  that  these  masses  of  slate  should  be  refereed  to  the  Panjal  series, 
they  having  attained  their  present  position  by  faulting.  In  an  outline  survey, 
however,  conducted  in  the  hasty  and  imperfect  manner  in  which  that  of  this  part 
of  the  Himalayas  must  of  necessity  be,  it  is  impossible  to  map  in  all  these  outliers. 

Returning  for  a  moment  to  the  ripple-marked  rocks  of  Inshin,  we  may  observe 
that  these  rocks,  which,  as  we  have  seen,  occur  chiefly  near  the  top  of  the  Panjal 
series,  must  have  been  deposited  in  shallow  water,  and  probably  in  a  subsid¬ 
ing  area. 

Again  taking  up  our  section  at  the  village  of  Maru,  we  find  that  the  gneiss 
continues  up  the  Fareiabadi  river,  with  a  general  northerly  strike  and  westerly 
dip,  for  some  eight  or  ten  miles,  beyond  which  point  I  was  unable  to  continue 
my  survey  on  account  of  the  vast  quantity  of  snow  which  then  filled  the  valley ; 
in  aU  parts  of  the  valley  the  pebbles  in  the  stream  consisted  entirely  of  gneiss  or 
very  similar  metamorphic  rocks,  and  it  seems  to  be  most  probable  that  the  same 
gneissic  rocks  extend  to  the  summits  of  the  barren  and  almost  inacessible  range  from 
which  the  stream  takes  its  course.  I  may,  perhaps,  here  mention  that  several 
boiling  and  sulphurous  springs  occur  about  ten  miles  up  the  Fareiabadi  i-iver,  and 
also  in  several  other  places  of  this  district. 

The  gneiss  in  the  Maru  district  is  either  fine-grained  or  porphyritic ;  in  either 
case  indistinguishable  in  hand  specimens  from  granite ;  it  passes  in  places  into 
mica-schist,  micaceous  shales,  and  even  into  little  altered  slate,  which  latter  is 
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frequently  found  interstratified  with  it ;  in  no  case,  either  in  this  distiict,  or  in  the 
rest  of  the  country  here  treated  of,  were  veins  of  granite  found  penetiating  t  e 
gneiss. 

Between  the  villages  of  Marfi  and  Hanza  the  strike  of  the  rocks  becomes  first 
north-westerly,  and  lower  down  again  almost  due  north,  following  in  this  respect 
very  nearly  the  course  of  the  Wardwan  river;  the  rocks  on  both  banks  have  a 
north-easterly  or  easterly  dip,  while  an  anticlinal  axis  runs  near  the  summit  of  the 
ridge  on  the  right  bank.  The  prevailing  rock  at  Maru  is  gneiss,  while  at  Hanza 
white  and  massive  quartzite  is  the  most  common. 

At  the  bend  of  the  Wardwan  river,  near  the  village  of  Lopar  the  strike  of 
the  metamorphic  rocks  again  becomes  north-westerly  with  a  low  north-easterly 
dip ;  an  anticlinal  and  a  synclinal  fold  are  crossed  in  the  southerly-flowing  por¬ 
tion  of  the  Wardwan  river  below  Lopar;  below  this  synclinal  there  is  a  low 
north-easterly  dip,  w'hich  continues  as  far  as  the  village  of  Krur ;  there  is  much 
contortion  of  the  rocks  at  Lopar.  Gneiss  is  the  most  prevalent  rock  in  the  series 
of  this  district,  it  is  generally  very  massive  and  granitoid,  and  most  especially  at 
the  village  of  Ekali ;  below  the  latter  village  the  gneiss  is  underlaid  by  whitish 
q  uartzites  very  like  those  before  mentioned  as  occurring  higher  up  at  the  village 
of  Hanza. 

At  the  village  of  Krur  we  come  upon  an  abrupt  Junction,  apparently  a  faulted 
anticlinal  axis,  with  a  north-westerly  direction ;  the  rocks  on  the  southern  side  of 
this  faulted  anticlinal  have  a  south-westerly  dip  of  about  seventy  degrees,  and 
consist  of  black  slates  with  a  few  felspathic  grains,  in  striking  contrast  to  the 
gneiss  and  quartzitic  rocks  on  the  north  of  the  same  axis ;  micaceous  or  black  slaty 
beds  continue  from  this  fault  to  Kishtwar,  but  no  distinct  beds  of  gneiss  occur 
in  the  rocks  immediately  to  the  south  of  this  fault;  though  another  ridge 
occurs  near  Mogalmaidan.  I  have  accordingly  taken  the  line  of  this  fault,  as  the 
boundary  between  the  crystalloid  and  the  slate  series,  the  latter  of  which  will  be 
shown  subsequently  to  be  the  equivalent  of  the  lower  paxT  of  the  Panjal  series. 

V. — Section  fbom  Kishtwae  to  Lahul. 

We  may  now  proceed  to  trace  the  rocks  of  which  we  have  Just  been  treating 
further  up  the  Chinab  valley  into  British  Lahul :  at  the  town  of  Kishtwar  itself 
the  rocks  are  chiefly  micaceous  or  black  slates,  without  any  bands  of  gneiss ;  an 
anticlinal  axis  with  a  north-westerly  direction  traverses  these  rocks  a  little  to  the 
north  of  the  toAvn. 

In  the  sharp  bend  which  the  Chinab  makes  immediately  above  the  town  of 
Kishtwar,  the  river  cuts  directly  across  the  strike  of  the  strata ;  above  this  bend, 
however,  the  river  flows  towards  the  north-west,  and  consequently  with  the 
strike.  In  proceeding  up  the  river  from  Kishtwar  we  first  cross  the  above-men¬ 
tioned  anticlinal,  and  subsequently  a  synclinal  axis ;  the  rocks  are  either  mica¬ 
ceous  or  black  slates  with  a  few  sandstones,  either  grey  or  whitish  in  color ;  as  we 
advance  further  up  the  river  the  rocks  become  gradually  more  and  more  crys¬ 
tallised  and  metamorphosed  ;  till  at  the  village  of  Pias  they  are  chiefly  massive 
quartzites  passing  locally  into  gneiss  ;  the  lowest  beds  exposed  in  the  ravines  at 
and  near  this  place  are  of  gneiss.  This  gneiss  corresponds  to  that  of  the  Ward- 
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■wan  valley ;  and  the  boundary  between  the  crystalline  and  slate  series  has 
consequently  been  drawn  a  little  to  the  south  of  the  last-mentioned  village. 

Near  the  village  of  Galha  the  river  cuts  obliquely  across  an  anticlinal  axis; 
this  axis  appears  to  be  the  continuation  of  the  faulted  anticlinal  axis  occurring  on 
the  Wardwan  river  at  Krur,  to  which  we  have  already  referred ;  it  does  not, 
however,  appear  to  be  faulted  here ;  the  same  anticlinal  continues  its  course 
along  the  foot  of  the  range  to  the  south  of  the  Chinab  in  an  easterly  direction,  I 

as  far  as  the  town  of  Atuli,  where  we  shall  again  have  occasion  to  refer  to  it.  ! 

Between  Bias  and  Seri  or  Sereri,  the  rocks  consist  of  granitoid  gneiss,  mica-  j 

schist,  and  micaceous  slates ;  the  lower  parts  of  the  tilted  beds  are  frequently  > 

more  altered  than  the  upper  parts  of  the  same  beds  ;  at  Seri  itself  the  rocks  are  ) 

almost  entirely  granitoid  gneiss:  further  up,  at  Jar,  white  quai-tzite  is  more 
common,  and  there  are  various  kinds  of  rocks  intermediate  in  character  between  1 

these  two ;  a  boiling  spring  occurs  a  little  above  the  last-mentioned  village.  | 

At  the  junction  of  the  Bhiitna  with  the  Chinab  river  we  find  a  great  variety  j 

of  metamorphic  rocks,  among  which  we  may  mention  gneiss  (fine-grained,  por-  j 

phyritic,  or  garnetiferous),  mica-schist,  micaceoms  slates,  gametiferous  shales,  j 

quartzites,  black  slate,  with  crystals  of  felspar,  gradually  passing  into  gneiss,  and  j 

little  altered  slates  and  shales.  ^ 

The  anticlinal  axis  which  we  have  already  referred  to  as  traversing  the  range  i 

to  the  south  of  the  Chinab,  cro.sses  the  latter  river  at  Atiili,  and  taking  a  north-  j 

easterly  direction  runs  for  some  distance  up  the  valley  of  the  Bhiitna  river,  where  I 

it  appears  gradually  to  die  out.  The  strike  of  the  rocks  on  the  southern  side  j 

of  this  anticlinal  gi-adually  changes,  till  at  Atdli  it  becomes  north-easterly,  the 
dip  being  to  the  south-east :  higher  up  the  Bhiitna  river  the  strike  again  bends 
round  to  regain  its  normal  north-westerly  direction,  the  dip  being  to  the  north¬ 
east.  The  rocks  on  the  western  side  of  this  anticlinal  on  the  Bhiitna  maintain 
their  north-westerly  strike  and  north-easterly  dip,  up  to  the  faulted  anticlinal. 

In  addition  to  the  evidence  of  faulting  afforded  by  the  different  strike  of  the 
rocks  on  either  side  of  the  Bhiitna  anticlinal,  we  have  further  proof  in  the  dis¬ 
tinct  mineralogical  composition  of  the  rocks  on  the  two  sides  of  the  river.  The  j 

rocks  on  the  right  bank  of  the  Bhiitna  at  Atiili  are  black  slaty  shales,  highly 
impregnated  with  sulphur  and  iron  ;  higher  up  the  river  these  rocks  are  succeeded 
by  garnetiferous  schists  and  granitoid  gneiss  ;  as  far  up  as  the  village  of  Machail 
the  rooks  are  chiefly  granitoid  gneiss,  which  appears  to  extend  up  to  the  Uma- 
si-la.  The  rocks  on  the  left  bank  of  the  river  at  Atuli  consist  of  micaceous 
schists  and  shales  abounding  in  garnets,  and  of  thick-bedded  granitoid  gneiss. 

I  myself  have  not  crossed  the  Umasi-la  into  Zanskar,  but  I  learn  from  | 

Mr.  Drew’s  notes  that  the  gneiss  rocks  continue  across  the  pass  into  Zans-  j 

kar,  as  far  as  the  village  of  Ayting,  where  they  are  overlaid  by  silurian  slates,  as  | 

has  already  been  determined  by  Dr.  Stohckza.  It  seems,  therefore,  probable  that 
the  whole  of  the  great  snowy  range  separating  the  Chinab  valley  from  Zanskar 
consists  of  one  great  core  of  gneiss. 

I  also  learn  from  Mr.  Drew’s  notes  that  a  few  bands  of  pure  white  crystalline 
limestone  occur  interstratified  with  the  gneiss  in  certain  parts  of  the  valley  of  the 
Bhiitna  river. 
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Leaving  now  the  Bhiitna  river  and  again  continuing  our  course  up  the  Chinab 
valley,  we  find,  in  consequence  of  the  curving  of  the  above-mentioned  anticlinal, 
that  the  latter  river  above  Atiili  cuts  at  first  almost  directly  across  the  strike  of 
the  strata,  through  beds  of  garnetiferous  mica-schist,  shales,  and  gneiss.  At  the 
village  of  Sol,  however,  the  strike  has  regained  its  normal  north-westerly  direction, 
following  nearly  the  course  of  the  river,  the  dift  on  either  side  being  to  the  north¬ 
east.  A  little  to  the  westward  of  the  village  of  Patrali,  the  strike  once  more 
becomes  almost  dmectly  north  and  south,  and  consequently  nearly  at  right  angles 
to  the  course  of  the  river ;  near  this  change  of  strike  we  cross  firstly  a  sjuiclinal, 
and  then  a  curved  anticlinal  axis  ;  the  strike  above  the  latter  becoming  a  little  to 
the  north  of  west,  with  a  southerly  dip  on  both  banks  of  the  river,  the  same  strike 
and  dip  continues  as  far  as  Kilar ;  the  rocks  consist  chiefly  of  mica-schist,  mica¬ 
ceous  shale  and  granitoid  gneiss  with  bands  of  slate ;  at  the  \’illage  of  Darwas 
a  rock  much  resembling  coarse  pegmatite  occurs  apparently  interstratified  with 
the  gneiss  ;  below  the  former  there  is  a  thick  band  of  a  white  felspathic  rock  contain¬ 
ing  large  trihedral  prisms  of  tourmaline.  Immediately  to  the  south  of  Kilar  there 
is  a  very  thick  band  of  granitoid  gneiss ;  this  gneiss  is  overlaid  conformably  by  a 
newer  series  of  bluish  elates  and  sandstones,  which  we  shall  now  trace  for  a 
considerable  distance,  and  which  contain  no  truly  metamorphic  rocks.  These 
newer  slaty  rocks  will  henceforth  be  designated  the  “  Pangi  slate-group.” 

Following  these  Pangi  slates  up  the  Chinab  river,  we  find  that  at  Sauch  the 
slates  are  thick-bedded  %vith  occasional  bands  of  splintery  greyish  shales;  the 
strike  at  the  latter  place  has  changed  to  the  north-west,  with  a  south-westerly  dip^ 
At  Saor  we  cross  a  synclinal  axis  in  nearly  vertical  slates,  which  again  cuts  the 
river  higher  up,  to  the  westward  of  the  village  of  Shell ;  above  Saor  there  are 
a  considerable  number  of  bands  of  blue  and  fawn-colored  sandstones  mingled  with 
the  slates  which  here  are  nearly  black  and  thick-bedded,  or  flaggy.  Taking  a 
cross  section  through  the  same  rocks  to  the  south-west  of  Tindi,  we  find  that 
there  is  a  descending  series  with  a  north-easterly  dip  across  the  Drati  pass,  beyond 
which  I  presume  we  should  again  come  upon  the  underlying  metamorphic  rocks. 
Between  Tindi  and  Margraon  the  Pangi  slates  contain  large  quantities  of  iron 
ore,  partly  in  the  form  of  the  magnetic  oxide  ;  sandstones  and  occasional  bands  of 
blue  limestone  alternate  with  the  slates.  Through  the  thick-bedded  black  slates 
at  and  near  the  village  of  Salgraon,  there  are  scattered  a  vast  number  of  imbedded 
blocks  of  granitoid  gneiss,  either  angular  or  water-worn,  and  varjdng  in  size  from 
less  than  an  inch  to  upwards  of  three  and  a  half  feet  in  diameter.  These  gneiss 
blocks  extend  through  a  vertical  rock-thickness  of  at  least  two  thousand  feet  and 
also  occur  over  a  very  wide  horizontal  area,  being  found,  though  in  smaller  num- 
bei-s,  in  the  same  beds  near  the  village  of  Saor,  some  ten  miles  lower  down  the 
river ;  by  following  the  Salgraon  beds  towards  the  south-east  the  same  blocks 
might  probably  be  traced  a  considerable  distance  in  that  direction  also. 

The  occurrence  of  these  blocks  of  gneiss  in  the  Pangi  slates  proves  in¬ 
contestably  that  some  portion  at  least  of  the  older  gneissic  rocks  must  have  been 
npheaved  and  undergoing  denudation  at  the  period  of  deposition  of  the  slates, 
and  that  consequently  such  gneiss  must  have  undergone  its  metamorphism  pre¬ 
viously  to  the  deposition  of  the  slates. 
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With  regard  to  the  transporting  power  which  brought  these  gneiss  blocks 
into  their  present  position,  there  can,  I  think,  be  but  little  doubt  that  it  was  either 
ice  or  the  roots  of  trees  descending  some  old  river.  Prom  the  vast  number  of 
these  blocks,  together  with  the  large  area  over  which  they  extend  and  the  great 
thickness  of  rock  through  which  they  occur,  I  am  strongly  inclined  to  think  that 
the  former  agent  must  have  been  the  transpoi-ting  power,  however  improbable  it 
may  appear  that  ice  should  once  have  floated  in  a  sea  so  near  the  tropics.  We 
must,  however,  remember  that  there  is  a  somewhat  ])arallel  case  in  the  ice-worn 
boulders  of  the  Talchir  group  in  India  itself.  If  the  supposition  as  to  the  origin 
of  these  bouldei-s,  here  put  forward,  be  tenable,  it  is  evident  that  the  old  gneissic 
land  must  have  formed  elevated  mountains,  and  the  temperature  of  the  climate 
was  sufficiently  low  to  admit  of  glaciers  descending  to  the  sea-level  and  bearing 
away  with  them  rock-masses.  I  may  add  that  the  nearest  gneissic  mass  to  the 
erratic  block  near  Salgraon  is  about  twenty  miles  distant,  and  that  the  outer  por¬ 
tion  of  this  gneiss  is  conformable  with  the  slate  series,  and  consequently  could 
not  have  afforded  the  blocks. 

Continuing  our  course  up  the  Chinab,  we  cross  the  before-mentioned  synclinal 
between  Salgraon  and  Shell ;  the  north-westerly  flowing  reach  of  the  river  at 
Triloknath  runs  along  an  anticlinal  axis,  and  we  come  across  another  synclinal 
some  seven  miles  above  the  latter  place.  Beyond  Triloknath  the  rocks  have  a 
south-westerly  dip  up  to  and  beyond  the  village  of  Tandi,  where  the  Chandra  and 
Bagha  rivers  unite  ;  the  rocks  have  the  same  general  composition  in  this  area  as 
below,  though  hmestone  becomes  relatively  more  common. 

Following  up  the  Chandra  river,  we  find  that  the  rocks  on  the  left  bank,  and 
further  up  on  the  right  bank  also,  have  a  north-easterly  dip  ;  these  rocks  extend 
southwards  to  the  north  side  of  the  Rotang  range  where  they  rest  conformably 
on  gneiss  and  other  metamorphic  rocks ;  limestones  are  here  common  in  the  series. 

The  superposition  of  these  Pangi  slates  and  limestones  on  the  metamorphic 
rocks  of  Kulu  has  been  already  noticed  by  the  late  Dr.  Stolickza  (“  Geological 
Observations  in  Western  Tibet,”  p.  340),  who  considered  that  the  former  were 
probably  of  siluiian  age. 

Returning  now  to  Tandi,  we  may  trace  tlie  same  gi’oup  of  slates  up  the  Bagha 
river  till  they  again  rest  on  gneiss ;  this  gneiss,  according  to  Dr.  Stoliezka,  com¬ 
mences  at  the  village  of  Kangsir  or  Kangsar  on  the  Bagha,’  and  extends  as 
far  as  the  village  of  Darcha  or  Daree,  beyond  which  it  is  overlaid  by  undoubted 
Silurian  rocks.  This  gneiss  on  the  Bhaga  river  Dr.  Stolickza  considers  as  being 
equivalent  to  his  so-called  “central  gneiss.” 

We  must  return  again  for  a  moment  to  Triloknath,  and  from  thence  ascend  the 
valley  to  the  north  of  that  place,  thereby  obtaining  another  cross  section  of  the 
strata ;  a  short  distance  up  the  valley  the  beds  with  a  north-easterly  dip  cease,  and 
we  come  on  beds  with  a  south-westerly  dip ;  these  beds,  which  consi,st  of  slates  and 
sandstones?,  form  a  regular  descending  series  up  to  the  village  of  TingTat,  becom¬ 
ing  gradually  more  and  more  micaceous ;  near  the  latter  village  we  come  upon 


'  By  a  mistake  at  line  7  from  the  top  of  page  341  of  Dr.  Stoliezka’s  above-quoted  paper, 
the  word  Chandra  has  been  substituted  for  Bagha. 


56 


necords  of  the  Geological  Survey  of  India. 


[voL.  XI. 


bands  of  gneiss  in  the  slates  and  further  up  upon  massive  granitoid  gneiss.  The 
boundary  between  the  Pangi  slates  and  the  gneiss  must  here  be  considered 
somewhat  arbitrary :  it  is  drawn  near  the  first  gneiss  band. 

To  the  south-eastward  of  Chirpat  in  the  same  valley  there  occurs  a  large 
irregular  mass  of  granitoid  gneiss  which  extends  nearly  to  the  missionary  station 
of  Railing,  on  the  Bagha  river,  although  it  does  not  anywhere  touch  that  river : 
the  exact  relations  of  this  mass  of  gneiss  to  the  Pangi  slates  is  a  good  deal  con¬ 
cealed  by  permanent  ice  end  snow  ;  it  appeared,  however,  to  underlie  them,  and 
may  doubtless  be  considered  as  an  outlier  of  the  same  gneiss  found  in  mass  to 
the  north-eastward. 

From  the  above  description  it  will  be  apparent  that  the  Pangi  slate  group 
forms  an  irregular  ellipsoidal  mass  resting  on  a  basin  of  gneiss  and  other  meta- 
morphic  rocks. 

We  have  now  traced  the  same  series  of  gneiss  and  other  metamorphic  rocks 
down  the  Wardwan  valley  and  along  the  southern  side  of  the  greater  part  of  the 
snowy  range  which  sepai'ates  the  valley  of  the  Chinab  from  Zanskar,  and  we  have 
already  taken  several  cross  sections  in  various  parts  of  this  range,  by  which  we 
were  led  to  conclude  that  the  same  gneiss  extended  to  its  summit,  between  Atiili 
and  Zanskar ;  more  to  the  oast  we  find  from  Dr.  Stoliezka’s  notes  that  on  the 
Chandra,  the  gneissic  rocks  are  not  more  than  a  few  miles  in  width  and  are  over¬ 
laid  by  presumably  silurian  slates. 

It  now  remains  to  consider  for  a  moment  the  rocks  forming  this  Zanskar  (or, 
as  Dr.  Stoliezka  calls  it,  Baralatse)  range,  more  to  the  north-west  in  the  Siirii 
district.  Now,  at  page  347  of  “  Geological  Observations  in  Western  Tibet” 
Dr.  Stoliezka  observes — 

“The  metamorphic  rocks  of  the  Baralatse  range,  south  of  Suroo  (Siiru), 
extend  to  the  north  of  this  place  with  an  unchanged  mineralogical  character  up 
to  the  village  Zangra.  Here  they  carry  a  large  proportion  of  hornblende,  and 
overlie  a  mass  of  gneiss  in  a  dome-shaped  bedding.  The  gneiss,  which  is  very 
well  exposed  near  the  old  fort,  Carjio-khar,  consists  of  a  great  quantity  of 
white  quartz,  orthoclase  and  muscovite ;  biotite  being  rather  subordinate.  On 
the  northern  side  it  is  overlaid  by  a  similar  hornblendic  schist,  which  gradually 
changes  into  talcose  and  chloritio  schists,  these  being  themselves  followed  towards 
the  north  by  micaceous  schists.  Prom  Sankoo  to  Saleskoot  tough  chloritio  and 
quartzitic  sandstones  prevail,  and  to  the  north  of  the  last-named  place  they  are 
in  contact  with  syenitic  rocks.” 

From  this  it  would  appear  that  the  Zanskar  (Baralatse)  range  at  this  point 
consists  of  a  core  of  gneiss,  overlaid  by  less  altered  metamorphic  rocks,  and  the 
latter  again  by  the  above-mentioned  hornblendic  rocks,  which  probably  sweep 
round  to  the  north  of  Suru,  and  sepai’ate  the  metamorphic  rocks  from  the 
possibly  eruptive  syenitic  rocks  to  the  north. 

At  page  348  of  the  same  Memoir,  Dr.  Stoliezka,  in  speaking  of  the  hornblendic 
rooks  of  Sankoo,  considers  these  rocks  to  be  Silurians ;  at  page  351  he  again 
remarks  that  “the  gmeiss  of  the  prolonged  chain,  south  of  Padam  and  Suroo 
(Siiru),  is  the  same  as  the  central  gneiss,  only  devoid  of  the  albite  granite  veins.” 
In  the  map  I  have  accordingly  assumed  that  the  whole  of  the  metamorphic  rock 
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occurring  below  the  hornblendic  silurians  is  the  equivalent  of  the  central  gneiss 
of  Darcha  at  the  south-eastern  end  of  the  range,  and  the  gneiss  of  Wardwan; 
the  central  axis  of  the  range  being  pure  gneiss  and  the  outer  parts  loss  com¬ 
pletely  metamorphosed,  precisely  as  we  have  found  to  be  the  case  in  the  Chinab 
district;  this  identification  will  be  again  refeiTed  to. 

I  may  also  observe  that  I  find  from  Mr.  Drew’s  notes  that  the  hornblendic 
rocks  in  the  neighbourhood  of  Dras  very  much  resemble  some  of  the  Kashmir 
amygdaloids,  the  probability  being  that  those  of  Dras  swing  round  between  the 
northem  extremity  of  the  Suru  metamorphic  rocks  ard  the  carboniferous  rocks 
of  the  Zoji-la,  to  join  the  amygdaloidal  silurians  of  Kashmir:  it  will,  however, 
require  a  tour  in  that  direction  to  settle  this  point.  To  the  nortli  of  the  Dras 
silurians  we  gather  from  Dr.  Stoliezka  that  the  syenitic  rooks  belong  to  an 
entirely  different  series  from  the  gneissic  rocks  of  the  Zanskar  range. 

VI. — Section  from  Kishtwab  to  Kashmir. 

Returning  once  again  to  Kishtwar,  we  have  to  cany  a  section  from  thence 
into  Kashmir,  across  the  Marbal  pass.  This  line  of  country  has  been  already 
traversed  by  Dr.  Stoliezka,  who  at  page  350  of  his  often-quoted  paper  on  Western 
Tibet  dismisses  the  subject  with  the  remarks  that  “  to  the  east  of  the  Marbal 
pass  only  metamorphic  rocks  have  been  observed  all  the  way  to  Chamba and 
that  “  some  of  these  altered  rocks  are  probably  altered  silurians,  but  there  is 
every  reason  to  expect  that  still  older  formations  may  be  found  in  them.” 

The  Kishtwar  and  Kashmir  section  requires  a  .somewhat  fuller  examination 
at  our  hands  than  the  above,  as  from  it  alone  are  we  able  to  connect  the  .slates 
of  Kishtwar  and  Pangi  with  the  slates  and  amygdaloids  of  the  Panjal  series. 

Between  Kishta  ai’  and  Mogalmaidah  the  micaceous  sandstones  and  black  and 
greenish  elates  which  we  have  seen  to  occur  at  the  foi’mer  place  continue ;  the 
anticlinal  axis  which  runs  a  little  to  the  north  of  Kishtwar  is  continued  near 
the  road,  and  beyond  Mogalmaidan  its  strike  bends  upwards  to  the  north.  The 
section  at  and  beyond  the  latter  place  is  somewhat  obscured  by  forest,  but  it 
apjDears  probable  that  the  middle  of  this  anticlinal  is  occupied  by  a  ridge  of  granit¬ 
oid  gneiss  overlaid  by  slates ;  to  the  south-west  of  Mogalmaidan,  we  have  an 
ascending  series  of  slates  about  halfway  up  to  Khashimarg  station ;  the  second 
half  of  this  section  being  occupied  by  a  descending  section  of  similar  rocks, 
which  rest  on  granitoid  gneiss  at  Pipran  station ;  the  latter  gneiss  seems  to  be 
continuous  with  the  gneiss  which  I  have  described  in  my  paper  on  the  Geology  of 
the  Pir  Panjal  as  underlying  the  rocks  of  the  Panjal  series  at  Banihal.  In  the 
upper  half  of  the  slate  series  between  Mogalmaidan  and  Khashimarg  there  occur 
numerous  beds  of  the  characteristic  Pir  Panjal  amygdaloids  and  conglomerate. 

Leaving  the  gneiss  beyond  Mogalmaidan  on  the  Kashmir  road,  we  pass  over 
an  ascending  series  of  slates  and  amygdaloids,  with  baniLs  of  conglomerate  for 
a  considerable  distance ;  an  anticlinal  axis  passing  through  these  rocks  near 
Singpur  ;  these  slates  and  amygdaloids  belong  to  the  typical  Panjal  series. 

Beyond  Singpdr  we  come  upon  a  series  of  greenish  slates  and  8and.stones, 
with  a  north-easterly  dip,  in  which  about  six  miles  to  the  east  of  the  Marbal  pass^ 
I  found  a  considerable  number  of  specimens  of  Productus,  Spirifer,  and  other  cur- 
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boniferous  fossils.  These  rooks  are  the  continuation  of  the  carboniferous  series 
of  Kashmir.  They  appear  to  be  faulted  in  between  the  rocks  of  the  Panjal 
.series,  from  which  they  are  distinguished  by  the  absence  of  the  amygdaloids,  so 
characteristic  of  the  latter,  by  the  slates  being  thin-bedded  and  banded,  in  place 
of  thick-bedded,  by  the  presence  of  beds  of  chert  or  limestone,  and  by  their  cha- 
racteilstic  fossils,  when  the  latter  occnr- 

Tlie  beds  with  the  noi-th-easterly  dip  continue  along  the  road  till  we  get  near 
to  the  Marbal  pass,  where  we  cross  obliquely  an  anticlinal  axis  in  nearly  vertical 
carboniferous  rocks ;  the  same  axis  continuing  into  Kashmir  and  joining  \yith 
the  axis  previously  noticed  as  occurring  to  the  south  of  Nowbug.  A  small  patch 
of  carboniferous  limestone  occurs  to  the  south-east  of  Ail  station ;  and  a  bed  of 
the  .same  limestone  is  interstratified  with  the  slates  on  the  left  of  the  road  on  the 
eastern  side  of  the  Marbal  pass.  The  ridge  on  which  Ail  station  is  placed  con¬ 
sists  of  rocks  of  the  Panjal  series,  with  a  north-easterly  dip. 

On  the  Kashmir  side  of  the  Marbal  pass  the  carboniferous  rocks  contain 
more  cherty  beds,  in  which  fossils  are  extremely  numerous;  near  Wankringi 
lialting-gTOund  there  occurs  a  thick  band  of  conglomerate  in  the  same  rocks  ;  and 
some  of  the  sandstones  are  ripple-marked.  Below  the  last-named  locality  the 
Panjal  rocks,  with  the  same  north-easterly  dip,  bend  down  to  the  southyvard ;  the 
Tausan  stream  forming  the  boundary  between  the  two  series,  as  far  as  the  village 
of  Wyl,  where  the  carboniferous  rocks  strike  obliquely  across  the  ridge  to  the 
north-east  of  that  place,  beyond  which  we  have  already  described  them  in  the 
section  from  Kashmir  to  Ward  wan. 

The  carboniferous  rocks  to  the  south  of  Wyl  have  a  south-westerly  dip  ;  north 
of  that  village  the  dip  is  to  the  north-east ;  an  anticlinal  axis  continuous  with 
that  before  noticed  near  Sagam  running  along  the  ridge  to  the  north  of  Wyl. 

The  Panjal  rocks  to  the  north-east  of  the  Tansan  river  arc  composed  almost 
exclusively  of  amygdaloids ;  the  carboniferous  rocks  below  Marbal  are  almost 
entirely  limestones. 

From  the  above  it  is  evident  that  we  must  amend  Dr.  Stoliezka’s  statement, 
given  at  page  350  of  his  “  Observations  in  Western  Tibet,”  that  the  carboniferous 
rocks  do  not  extend  to  the  eastward  of  the  Marbal  pass  (i.  e.,  if  the  word  pass  is 
used  in  its  normal  sense  to  signify  the  “crest”).  The  occurrence  of  limestone  and 
carboniferous  fossils  six  miles  to  the  east  is  a  sufficient  proof  of  this  error. 

The  slajty  and  sandy  carboniferous  rocks  of  the  Marbal  pass,  abounding  in 
fossils,  seem  to  replace  the  limestones  of  the  valley  of  Kashmir,  and,  as  we  have 
already  seen,  may  probably  be  considered  as  the  littoral  deposits  of  the  basin  in 
wliich  the  limestones  were  laid  down. 

VII. — General  conclusions. 

From  a  perusal  of  the  facts  detailed  in  the  foregoing  sections,  and  fi'om  the 
Memoirs  of  Dr.  Stoliezka,  Mr.  Medlicott,  and  myself  ‘  on  the  rocks  of  different 

*Stoliczka :  Mem.  Gool.  Surv.  India,  Vol.  V. 

Medlicott :  Do.  do.  do.  do.,  Vol.  III. 

Do.  Rec.  do.  do.  do.,  Vol.  IX. 

Do.  Geology  of  Kumaoii  and  Garlnval  in  Memoir  on  Hill  Districts  of  N.-W.  Provinces. 

Lydekkcr  :  Kce.  Gcol.  Surv.  India,  Vol,  IX. 
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districts  in  the  Himalaya,  we  may  draw  the  following  general  conclusions  as  to 
the  older  Palceozoio  rocks  of  our  present  area,  viz.  : — 

That  the  Pfr  Panjal  range  consists  of  a  series  of  silnrian  slates  and 
amygdaloids  resting  on  a  core  of  gneiss. 

That  the  same  rocks  are  continued  into  Kishtwar,  where  they  rest  on  the 
gneiss  of  the  Zanskar  ridge,  and  that  they  also  have  the  same  relations  in  the 
Ward  wan  valley. 

That  the  same  rocks  extend  to  the  eastward,  where  they  rest  on  the  gneiss  of 
the  Dhaoladhar  range. 

That  the  same  rocks  recur  on  the  northern  side  of  Kashmir,  where  they  are 
overlaid  by  carboniferous  and  newer  rocks. 

That  the  gnoissoid  rocks  of  Shru  are  continued  down  the  Wardwan  valley, 
extend  to  Pangi,  and  are  apparently  continuous  with  the  “  central”  gneiss  of  the 
Bagha  river. 

That  the  Pangi  slates  have  the  same  relationship  to  the  gneiss  of  Pangi  and 
Kdlii  as  have  the  silnrian  Panjals  to  the  gneiss  of  Wardwan. 

That  the  slaty  rocks  on  the  northern  side  of  the  Zanskar  range  have  the 
same  relation  to  the  gneiss  as  have  those  on  the  south  side,  and  that  consequonily 
if  the  gneiss  of  the  two  areas  he  of  the  same  age,  the  overlying  rocks  will  also  he 
of  the  same  age. 

Our  next  point  is  to  consider  how  those  various  rock-groups  are  to  he  con¬ 
nected  together,  and  also  as  to  what  horizon  in  the  geological  series  they  belong. 

Before  proceeding  further,  it  will  be  Avell  to  remind  the  reader  that  Dr, 
Stoliezka  determined  two  distinct  horizons  of  gneiss  in  the  Himalaya;  one  of 
these  kinds  of  gneiss  is  to  he  found  on  the  right  hank  of  the  Indus  in  Ladak, 
and  since  it  conformably  underlies  carboniferous  rocks  is  supposed  to  represent 
altered  silnrian  strata.  The  second  kind  of  gneiss  was  named  by  Dr.  Stoliezka 
“central  gneiss,”  and  according  to  that  author'  “is  overlaid  by  undoubted 
Silurian  rocks,”  though  w-e  are  not  told  whether  the  overlying  rocks  are  con¬ 
formable  or  unconformable  to  the  gneiss.  This  “  central  gneiss”  was  at  first  sup¬ 
posed  to  be  characterised  by  being  traversed  by  veins  of  albite-granite,  but  as 
might  have  been  supposed,  this  turned  out  to  be  a  somewhat  local  character.  It 
is  not  therefore  apparent  whether  the  “central  gneiss”  was  supposed  to  have  been 
gneiss  at  the  time  of  the  deposition  of  the  silnrian  series  or  not ;  if,  as  I  have 
suggested  above,  the  gneiss  blocks  which  occur  in  the  Pangi  slates  were  derived 
from  the  neighbourhood,  it  is  evident  that  they  must  have  been  derived  from 
gneissic  rocks,  which  existed  as  such  at  the  commencement  of  the  deposition  of 
the  Panjals,  and  which,  if  the  “  central  gneiss”  really  conformably  underlies  the 
Silurians,  must  be  older  than  the  former. 

Now,  we  have  already  seen  that  Dr.  Stoliezka  unhesitatingly  recognised  the 
gneiss  of  Darcha  as  being  “central  gneiss,”  and  also  that  he  conjectured  that  the 
gneissic  rocks  of  Siirii  belonged  to  the  same  group,  and  it  is  quite  clear  that  the 
latter  underlie  conformably  the  slate  series,  which  we  presume  to  be  of  silun'an 
age  ;  if  this  identification  be  valid,  the  “  central  gneiss”  must  also  underlie  the 
Silurians  conformably. 

*  Geologica.1  Obsorvfitioiis  in  We.stern  Tibet,  p.  31.1. 
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Again,  if  this  liypothesis  be  correct,  the  “  central  gneiss”  will  be  the  equivalent 
of  some  part  of  the  gneissic  series  of  the  northern  flanks  of  the  Zanskar  range, 
though  it  is,  of  cmrrso,  quite  possible  that  in  those  places  where  there  is  a  transi¬ 
tion  from  slate  to  gneiss  that  gmeissose  beds  in  one  place  may  correspond  to 
slaty  beds  in  another. 

On  the  other  hand,  the  “  central  gneiss”  is  supposed  to  be  the  oldest  known 
rock  in  the  Indian  Himalayas,  and  if  we  consider  that  this  gneiss  is  the  same  as 
the  gneiss  which  underlies  confonnably  the  silurian  slate  series,  we  should  be 
driven  to  the  conclusion  that  the  gneiss  from  which  the  pebbles  in  the  Pangi 
slates  are  derived  was  older  than  the  “  central  gneiss.” 

The  latter  consideration  would  lead  us  to  the  conclusion  that  the  “  central 
gneiss”  must  be  distinct  from  the  gneiss  underlying  the  Kashmir  Silurians,  and 
that  there  is  a  break  between  the  two,  the  Darcha  gneiss  really  being  unconform- 
able  to  the  overlying  Silurians,  and  a  great  portion  of  the  gneiss  of  the  Zanskar 
range  being  nuconformable  to  the  gneiss  which  underlies  and  alternates  with  the 
slate  series,  and  being  contemporaneous  with  the  central  gneiss.  I  cannot,  however, 
say  positively  w'hich  of  these  two  hypotheses  is  the  coirect  one ;  and  accordingly 
all  the  gneiss  in  our  area  has  been  colored  of  the  same  shade. 

It  seems  evident  that  the  gneiss  which  underlies  the  Pir  Panjal  slates  is 
the  same  as  that  which  underlies  the  slates  of  Kishtwar  and  the  Wardwan,  and 
also  that  which  underlies  the  Pangi  slates  on  the  north  of  the  Rotangpass,  though 
we  cannot  say  the  same  with  regard  to  the  gneiss  of  Darcha. 

The  gneiss  of  the  Dhaoladhar,  if  we  may  judge  from  its  abrupt  termination 
to  the  north-west,  may  be  the  equivalent  of  the  “  central  gneiss”  of  Darcha, 
although  in  strike  it  corresponds  more  nearly  with  that  of  the  Panjal  range. 

If  it  should  turn  out  that  the  central  gneiss  be  older  than  the  fw/ru-silurian  or 
Cambrian  gneiss,  it  will  be  necessary  that  the  centre  of  the  mass  of  rocks  forming 
the  Zanskar  range  should  be  colored  of  a  different  tint  from  the  gneiss  of  the 
rest  of  the  map,  with  the  exception  probably  of  the  granitic  mass  at  Kailing  and 
that  of  the  Dhaoladhar  range.  Only  an  arbitrary  boundary  could,  however,  in  any 
case  be  attempted. 

It  seems,  therefore,  to  be  apparent  that  all  the  gneiss  in  the  area  under  dis¬ 
cussion  is  older  than  the  great  mass  of  rocks  of  the  silurian  period  (with  the 
possible  exception  of  a  small  mass  in  the  Lower  Sind  valley),  and  that  in  certain 
instances  there  is  a  passage  from  the  conformably  overlying  slates  to  the  under¬ 
lying  gneiss,  in  which  case  the  gneiss  generally  may  be  called  Cambrian.*  Fur¬ 
ther,  there  is  evidence  of  the  existence  of  another  kind  of  gneiss,  which  existed 
as  such  at  the  silurian  period ;  this  gneiss  occttts  probably  in  the  Zanskar  range, 
but  whether  or  no  it  is  the  same  as  the  “central  gneiss”  we  are  at  present 
unable  to  say. 

With  regard  to  the  overlying  rocks,  we  have  seen  that  the  Panjal  series  is 
ir^ra-carboniferous,  and  we  may  therefore  consider  them  (in  the  absence  of  any 

1  Everywhere  this  gneiss  is  overlaid  by  a  great  thichness  of  slates,  which  are  considered  as 
silnrians ;  the  conformable  gneiss  being  always  below  this  thickness  is  called  for  the  sake  of  dis¬ 
tinction  Cambrian,  though  it  may,  of  course,  be  occasionally  in  part  silurian,  or,  on  the  other  hand, 
part  of  the  slates  may  sometimes  be  Cambrian. 
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fossil  evidence)  as  being  sihirian  ;  we  have  traced  the  same  rocks  into  the  Ward- 
wan,  and  also  into  the  Kishtwar  country,  and  it  is  probably  the  same  slate  series 
w'hich  overlies  the  gneiss  of  the  Dhaoladhar. 

With  regard  to  the  slates  and  limestones  of  Pangi,  we  find  that  they  rest  upon 
gneissic  rocks  in  the  Kilar  district,  which  gneissic  rocks  are  almost  certainly 
the  same  as  those  of  the  Pir  Panjal,  which,  as  we  have  seen,  underlie  conformably 
the  Silurian  slate  series ;  it  is  therefore  probable  that  the  Pangi  series  is  also  of 
Silurian  age.  If,  as  we  have  suggested,  the  Darcha  gneiss  is  older  than  the  Kilar 
gneiss,  there  will  be  unconfoinnability  in  the  junction  of  the  slate  and  gneiss  in 
the  one  area,  and  conformabiHty  in  the  other,  which  would  also  lead  to  the  in¬ 
ference  that  the  Cambrian  gneiss  is  totally  unrepresented  at  Darcha,  unless  some 
of  the  lower  slates  be  its  equivalent. 

The  Pangi  slates  were  considered  by  Dr.  Stoliezka,  to  be  in  all  probability  the 
equivalents  of  the  silmians  of  Lahiil  which  “overlie”  the  “central  gneiss;”  the 
Silurians  of  Lahul  are  continuous  with  those  of  the  Padam  valley,  which,  as  far 
as  I  can  gather,  overlie  Cambrian  gneiss  on  the  northern  side  of  the  Zanskar 
range,  exactly  as  do  the  Pangi  slates  on  the  southern  side.  Although  the  ab¬ 
sence  of  fossils  from  the  latter  group,  as  far  as  we  know  at  present,  may  be  consi¬ 
dered  by  some  as  leaving  the  question  open  to  doubt,  the  probability  as  to  their 
Silurian  age  is  to  my  mind  very  strong  indeed. 

W e  have  seen  that  the  valley  of  Kashmir  is  bounded  generally  by  interstrati- 
fied  trap  and  silurian  slates,  inten-upted  along  the  axis  and  to  the  north-west  by 
carboniferous  limestone,  and  more  massive  trappoid  rocks ;  at  the  north-western 
end  of  the  valley  we  have  seen  conclusively  that  the  carboniferous  rocks  occupy  a 
synclinal  in  the  Silurians  and  it  is  probable  that  they  have  the  same  relations  at 
the  Marbal  pass  to  the  south-east.  This  would  lead  us  to  infer  that  the  axis  of 
the  valley  of  Kashmir  lies  along  a  synclinal ;  the  normal  relations  of  the 
rocks  having,  however,  in  several  places,  been  miich  disturbed. 

If  we  admit  the  foregoing  references,  the  following  table  will  approximately 
represent  the  chronological  succession  of  the  palteozoic  strata  in  the  area  under 
consideration,  as  far  as  we  are  at  present  able  to  classify  them  : — 


Slates  of  Miirhal  pass  ...  ...  ...  ...-v 

Limestooes  of  Islamabad  and  Manasbal;  slates  and  limestones  of’ ^Carboniferous. 
Eishmakam  and  Lidar  valley  ...  ...  ...J 


Slates  of  Lahul 

Slates  and  limestones  of  Pangi  ... 
Slates  of  Kishtwar 

Slates  and  trappoid  rocks  of  Pfr  Panjal 
Trappoid  rocks  of  Kashmir 


^Silurian. 


Gneiss  of  Pir  Panjal  ...  ...  ...  ...> 

Upper  gneiss  of  Ward  wan  and  Zanskar  range  ...  ...>  Cambrian. 

Kulu  gneiss  ...  ...  ... 


Central  gneiss  of  Darcha 

Lower  gneiss  of  Wardwan  and  Zanskar  range 

Dhaoladhar  gneiss  ... 


\  7?j/Va-silurian,  but 
\  exact  age  not 
)  determined. 
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I  must  now  say  a  few  words  as  to  certain  relationships  of  some  Himalayan 
rock-groups,  which  wei'o  suggested  by  Dr.  Stoliezka,  at  page  141  of  his  “Memoir 
on  the  Rocks  of  the  North-Western  Himalaya.” 

It  is  there  stated  that  the  fi^/ra-Blini  sandstones  and  Simla  slates  probably 
correspond  with  part  of  the  Bhabeh  grouji ;  if  we  refer  to  page  341  of  the  “  Ob¬ 
servations  in  Western  Tibet”  we  find  that  the  Lahid  silurians  are  also  supposed 
to  corre.spond  with  the  Bhabeh  group.  The  group  of  silurians  in  the  above  table 
may  therefore  also  be  probably  referred  to  the  Bhabeh  gi'oup,  with  which  they 
agree  in  overlying  gneiss. 

Referring  again  to  page  141  of  the  “  North-Western  Himalaya,”  we  find  that 
the  Blini  group  is  conjecturally  correlated  with  the  Muth  group  ;  the  one  overlying 
the  M(/ra-Blini  (Simla  slates)  and  the  other  the  Bhabeh  group. 

In  the  same  memoir  (page  141)  apart  at  least  of  the  mjfru-Krol  group  is  conjec¬ 
tured  to  bo  the  representative  of  the  Kuling  or  carboniferous  series,  while  the 
overlying  Krol  limestone  is  likewise  conjecturally  correlated  with  the  Lilang  or 
triassic  series. 

With  the  two  latter  correlations  I  may  say  at  once  that  I  cannot  agree,  and  for 
the  follow'ing  reasons  :  firstly,  I  have  already  stated  at  page  161  of  my  “  Memoir 
on  the  Geology  of  the  Pir  Panjal,”  my  opinion  that  on  account  of  their  com¬ 
position,  position  and  relation  to  the  older  rocks,  the  Krol  and  Kiol  groups  are 
probably  equivalent  ;  secondly,  the  Kiol  group  occurs  at  the  top  of  the  silurian 
rocks  (the  series  being  inverted)  ju'ccisely  in  the  same  manner  as  do  the  carboni¬ 
ferous  rocks  to  the  north  of  Kashmir ;  thirdly,  the  Kiol  group  agrees  precisely 
in  composition  with  the  carboniferous  rocks  of  the  north  of  Kashmir :  both  groups 
consisting  of  massive  blue  limestone,  polychroic  slates  and  sandstones  ;  fourthly, 
the  rocks  of  the  Kiol  group  are  quite  unlike  the  light-blue  banded  limestones, 
dolomites,  and  slates  of  the  north  of  Kashmir ;  fifthly,  no  limestone  occurs 
in  the  silurian  rocks  of  Kashmir ;  there  is,  therefore,  a  fair  pi’csumption  that  the 
Kiol  group  does  not  belong  to  that  period,  while  if  wo  refer  it  to  the  triassic 
period,  wo  have  no  I’ocks  to  represent  the  carboniferous  period. 

It  is,  I  think,  therefore  extremely  probable  that  the  Kiol  group  may  bo  of 
carboniferous  age.  This  being  so,  and  assuming  the  identity  of  the  Krol  with  the 
Kiol  group,  the  former  also  (and  probably  the  m/ra-Krol  group)  will  be  of 
carboniferous  age. 

It  may  be  well  here  to  mention  that  in  my  above-quoted  paper  I  considered 
the  Kiol  group  as  being  probably  partly  of  upper  silmlan  and  partly  of  carboni¬ 
ferous  age ;  I  was  led  to  this  inference  from  the  fact,  that  in  many  parts  of  the 
valley  of  Kashmir  itself  the  junction  between  the  silurian  rocks  of  the  Pir  Panjal 
and  the  carboniferous  series  is  often  a  faulted  one,  and  I  was  led  from  this  to  think 
that  there  was  a  break  between  the  two  which  was  filled  by  the  lower  Kiol  beds  ; 
other  sections,  however,  to  the  north  of  Kashmir,  have  shown  the  carboniferous 
limestones  and  slates  resting  conformably  on  the  silurian  Panjals,  and  have  shown, 
as  I  have  said,  that  the  Kashmir  silurians  contain  absolutely  no  limestone.* 

*  At  page  161  of  Qiy  atove-quotetl  paper,  tlio  Kiol  series  is  compared  to  the  Kuling 
scries,  as  regards  inineralogical  composition  ;  the  latter  group  is  there  by  an  accident  stated  to  bo 
of  triassic  in  place  of  carboniferous  age  j  the  similarity  in  conipositiou  of  the  two  series  adds 
some  confirmation  to  the  probability  of  the  carboniferous  age  of  the  former  ;  in  line  14  of  page 
162  of  the  same  memoir  the  word  Lilang  should  be  substituted  for  Kuling. 
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The  assumption  of  the  carboniferous  age  of  the  Kiol  group  leads  to  another 
modification  of  the  views  expressed  in  my  previous  memoir.  It  was  there 
suggested  that  the  groat  limestone  inliers  of  the  Jamu  hills  were  the  equivalent 
of  the  carboniferous  limestone  of  Kashmir,  and  were  consequently  distinct  from 
the  Kiol  and  Krol  groups. 

I  now,  however,  think  it  probable  that  the  thi-eo  groups  belong  to  the  same 
period  ;  the  greater  prevalence  of  pure  massive  limestone  in  the  Jamii  hills 
than  along  the  foot  of  the  Pir  Panjal  is  not  greater  than  in  the  carboniferous  rocks 
of  the  valley  of  Kashmir,  over  those  of  Bishmakam  ;  while  in  one  portion  of 
the  Kiol  series,  to  the  north  of  Punch,  the  strata  are  almost  entirely  limestone. 

The  above  propositions  being  accepted,  it  will  bo  evident  that  the  Blini  series 
is  represented  in  the  upper  part  of  the  Panjal  series,  below  the  Kiol  group. 

According  to  the  above  views,  the  following  table  will  represent  the  equi¬ 
valent  rock-groups  in  the  Simla  and  Kashmir  Himalaya.  I  wish  it,  however, 
to  be  most  distinctly  understood  that,  although  the  relationships  inter  se  of  the 
various  rock-groups  in  the  two  areas  are,  with  a  few  exceptions,  pretty  accurately 
determined,  yet  that  the  correlations  of  those  of  one  area  with  those  of  the  other 
can  only  bo  mewed  in  the  light  of  a  probable  hypothesis,  and  not  as  a  fixed  fact. 

Approximate  classifioalion  of  roclc-groups  in  the  Western  Himalayas, 
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(  Sandstones  and  slates  of  Zoji-la  and  t 
*  \  Paiijtarni. 
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/'Upper  limestones  and  dolomites  of  V  Lilang  series. 
b  <  Amrnath,  Sunamarg,  Maiiasbal  and  I 


V.  Dras  river. 

Limestones  of  West  Kashmir. 
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Ruling  series. 

Krol  limestone  (?). 
infra-Kvol  group  (?). 

Math  scries. 


q  Matn  scr: 
J  Blini  seri( 
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It  will  be  seen  that  in  this  rough  and  approximate  table  a  gap  occurs  in  the 
second  column  between  the  lower  slates  and  the  “central  gneiss,”  which  cannot 
be  filled  up  until  the  relations  of  the  two  in  the  matter  of  conformity  or  uncon¬ 
formity  are  settled  ;  if  they  are  unconformable,  and  the  “  central  gneiss  ”  is 
older  than  the  Pir  Panjal  gneiss,  it  may  then  not  be  improbable  that  some  part 
of  the  Simla  slates  may  be  the  equivalent  of  the  Pir  Panjal  gneiss. 

Since  the  above  was  written  I  have  seen  the  able  paper  of  Colonel  McMahon 
on  the  Simla  Himalayas.^  The  author  is  there  of  opinion  that  the  Simla  slates 
and  other  non-crystalKne  series  are  certainly  newer  than  the  ciystalline  series  ;  he 
also  thinks  that  the  hypothesis  of  inversion  mil  not  explain  the  case,  but  that 
there  was  an  original  unconformity  between  the  two  series ;  the  slates  having 
been  deposited  on  a  denuded  surface  of  gneiss.  In  the  Pir  Panjal  and  in  Pangi, 
I  think  the  latter  explanation  cannot  be  adopted,  as  there  is  a  passage  between 
the  crystalline  and  non- crystal  line  series.  If  original  unconformity  exists  in 
the  Simla  region,  it  would  tend  to  confirm  my  suggestion  that  there  exists  gneiss 
belonging  to  two  periods  in  these  regions ;  the  Simla  or  “  central”  gneiss  being 
older  and  unconformable  to  the  slates,  Avhile  the  gneiss  of  the  Pir  Panjal  is  con¬ 
formable  to  the  slates,  and  has  been  metamorphosed  out  of  their  lower  beds,  and 
may  consequently  be  in  part  the  equivalent  of  the  lower  Simla  slates. 

It  will  require  another  season’s  work  to  trace  the  relations  of  the  triassic 
rocks  of  the  Zoji-la  to  the  gneiss  of  Siirii  and  the  Zanskar  range,  and  also,  as 
I  have  previously  said,  to  trace  the  former  rocks  in  the  opposite  direction  into  the 
Tilail  or  Kishenganga  valley. 


Notices  of  Siwalik  Mammals,  by  R.  Lydekkee,  B.A.,  Geological  Survey  of  India. 

The  Indian  Museum  has  again  been  enriched  by  a  large  collection  of  verte¬ 
brate  fossil  remains  obtained  from  the  Siwalik  series  of  Sind  and  the  Punjab, 
by  Messrs.  Blanford,  Fedden,  and  Theobald,  and  their  native  assistants.  Many 
of  these  fossils  are,  of  course,  merely  duplicates  of  previously  acquired  specimens, 
while  others  belong  either  to  new  genera  or  species,  or  illustrate  more  fully  other 
species  whose  existence  has  hitherto  been  only  slightly  indicated  to  us  by  the 
evidence  of  a  few  fragments  of  bone,  or  isolated  teeth. 

In  the  present  paper  I  shall  shortly  notice  a  considerable  number  of  the  more 
interesting  of  these  specimens,  resei’ving  for  a  future  opportunity  the  figuring, 
and  more  detailed  description,  of  the  specimens,  in  the  hope  that  I  may  then  have 
still  more  materials  to  work  upon. 

Before  proceeding  further,  it  may  be  well  to  notice  certain  conclusions  which  I 
have  lately  arrived  at  respecting  the  distribution  in  time  of  some  of  the  fossils. 

It  may,  I  think,  be  now  stated  with  considerable  probability,  that,  as  I  have 
hinted  before,  the  mammaliferous  beds  of  Sind  belong  to  a  somewhat  lower 
horizon  than  that  which  yields  the  majority  of  the  fossils  in  other  areas.  These 
mammaliferous  Sind  beds  (Manchhar)  overlie  the  Gaj  beds,  which  seem  to  be 
upper  miocene,  and  cannot  therefore  te  much  older  than  the  lower  pliocene,  or 
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tlie  very  highest  of  the  mioceno.  Their  mammalian  fauna  is  nearest  to  that  of 
the  miocene  of  Europe,  and  does  not  contain,  as  far  as  we  know,  any  of  the 
modern  forms  which  occur  in  the  Siwaliks  of  the  Punjab,  which  may  probably 
be  considered  to  be  higher  up  in  the  older  pliocene.  The  occurrence  of  a  largo 
number  of  mammalian  genera  which  are  confined  to  the  miocene  in  Europe, 
in  the  pliocene  of  India,  is  paralleled  by  what  occurs  accoi’ding  to  Professor 
Marsh  in  Noi’th  America,  where  European  miocene  mammals  occur  in  the  older 
pliocene.! 

The  mammalian  tertiary  fauna  of  Sind  is  characterized  most  especially  by 
the  presence  of  great  numbers  of  both  bunodont  and  selenodont  pig-liko  animals, 
the  majority  of  which  are,  however,  unfortunately  only  known  to  us  (with  the 
exception  of  those  genera  which  also  occur  in  Europe)  by  isolated  teeth. 

These  same  Siwalik  or  Manchhar  beds  also  contain  the  remains  of  Dinotheriunt, 
in  considerable  abundance ;  in  India  this  genus  is  elsewhere  known  only  from 
Kach,  Kushalghar,  and  Perim  Island,  from  beds  which  are  probably  low  in  the 
Siwalik  series.  In  the  Sind  area  Mastodon  and  Hipj^otherium  are  common,  and 
two  teeth  of  the  miocene  genus  Amphieyon  have  also  been  found  there. 

Of  the  modern  and  existing  genera  JEJueleplias,  Equus,  Bos,  Buhalus,  Capra, 
and  Hippopota/mns,  which  are  so  characteristic  of  the  typical  upper  Siwaliks,  I  am 
not  aware  that  any  remains  have  been  obtained  from  the  Manchhar  beds.  The 
only  two  living  genera  of  Mammals  of  which  we  have  clear  evidence  as  occurring 
in  these  beds  are  Ehinoceros  and  Sus,  both  of  which  have  existed  since  the  miocene 
epoch. 

From  the  still  older  marine  Gaj  beds,  Mr.  Feddcn  has  this  year  obtained  a 
pai't  of  a  skull  and  three  upper  molars  of  Rhinoceros  sivalensis ;  the  specimen 
was  obtained  at  a  considerable  distance  below  the  Manchhar  horizon,  but  its 
precise  position,  Mr.  Fedden  tolls  me,  could  not  be  defined,  owing  to  the  irregu¬ 
larity  of  the  thickness  of  the  beds  in  different  localities  and  the  absence  of 
the  Manchhars  at  this  spot.  This  Rhinoceros  is  thus  proved  to  have  been  one  of 
the  earlie.st  of  the  Siwalik  Mammals,  having  lived  in  the  Gufj  period. 

In  the  Siwaliks  of  the  Punjab  Mr.  Theobald  seems  to  have  proved  pretty 
clearly  from  the  sections  sent  down  with  the  fossils,  that  in  this  region  the 
greater  number  of  extinct  genera  do  occur  in  the  lower  beds  of  the  series,  while 
the  greater  number  of  living  genera  occur  higher  up ;  this  idea  cannot,  however, 
be  thoroughly  worked  out,  owing  to  the  fact  that  the  fossils  occurring  in  one  bed 
are  washed  out  and  mingled  with  those  from  another.  I  imagine  that  this 
confusion  is  especially  the  case  with  the  very  few  fossils  which  occim  below 
the  great  fossiliferous  zone,  as  they  are  generally  picked  up  by  native  collectors  and 
mixed  with  those  from  other  zones.  The  lower  beds,  like  those  of  Nurpurand 
Kushalghar  from  which  Amph'eyon  and  Diuotherium  have  been  obtained,  are 
very  probably  the  equivalents  of  the  Manchhars. 

Hitherto  all,  or  nearly  all,  the  Siwalik  fossils  seem  to  have  been  found  as 
isolated  bones ;  during  the  past  season,  however,  Mr.  Theobald  has  discovered  a 
bed  at  Niki  in  the  Punjab,  where  a  vast  number  of  associated  bones  of  many 
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species  are  found  mixed  pell-mell  together ;  and  which  probably  indicates  an  old 
quicksand  in  which  the  Siwalik  animals  were  engul23hed. 

Prom  this  deposit  I  hope  that  many  valuahle  specimens  will  yet  he 
obtained,  which  will  throw  more  light  on  the  affinity  of  some  of  the  less 
known  Siwahk  animals  than  can  be  obtained  from  the  study  of  a  few  isolated 
bones  or  teeth.  The  bed  has  already  yielded  many  specimens,  among  which  I 
may  notice  the  comjslete  cranium  of  a  gigantic  jug,  part  of  the  cranium  with 
milk  dentition  of  the  new  trilophodont  Mastodon  and  several  associated  sets 
of  foot  bones.  Among  the  latter  is  a  nearly  jjerfect  foot  of  Hippotherium,  which 
shews  us  that  the  Asiatic  species  of  the  genus  had  precisely  the  same  conforma¬ 
tion  as  the  European  forms. 

I  will  now  mention  the  most  important  and  interesting  of  the  specimens 
obtained  during  the  past  year ;  in  the  course  of  these  notices  I  shall  have  to 
mention  several  re-determinations  of  previously  noticed  specimens  ;  these  re-deter¬ 
minations  have  either  become  necessary  owing  to  the  discovery  of  more  perfect 
specimens  or  owing  to  the  eiTors  of  previous  determinations. 

These  re-determinations,  though  of  course  to  be  regretted,  are  almost  unavoid¬ 
able  in  determining  such  isolated  specimens  as  are  the  majority  of  the  fossils  from 
the  Siwaliks,  and  are  also  made  more  frequent  in  the  jmesent  instance,  owing  to  the 
extremely  unsatisfactory  state  of  the  previous  literature  referring  to  Siwalik 
Mammalia. 

I  may  also  here  mention  that  Mr.  Theobald  has  collected  several  bones  of 
Siwalik  Birds,  and  a  considerable  number  of  the  remains  of  Reptiles ;  these, 
however,  will  not  be  further  noticed  at  present,  as  I  have  not  yet  had  an  oppor¬ 
tunity  of  studying  these  in  any  detail. 

PRIMATES. 

Genus ;  Macacus. 

Remains  of  quadrumanous  Mammals  have  been  long  known  from  the  Siwaliks, 
and  indeed  the  specimens  obtained  from  those  rocks  were  the  first  known  fossils 
belonging  to  the  order.  These  remains,  however,  are  of  extremely  rare  occur¬ 
rence,  the  kno'ivn  sjaecimens  only  numbering  some  five  or  six ;  up  to  the  present 
time,  no  specimens  of  the  remains  of  this  order  have  been  obtained  among  the 
many  hundreds  of  specimens  which  Mr.  Theobald  has  forwarded  from  the  Siwaliks 
of  the  Punjfi.b  to  the  Indian  Museum.  In  December  last,  however,  two 
specimens  of  the  upper  jaw  of  a  small  monkey  wore  received  at  the  Indian 
Museum  from  Mr.  Theobald,  which  had  been  obtained  from  the  Siwaliks  of  the 
village  of  Asnot,  in  the  Punjab,  and  which  foi-m  the  subject  of  the  present  notice. 

Before  desci-ibing  the  now  specimens,  it  may  be  well  to  consider  for  a  moment 
the  remains  of  Monkeys  w'hich  have  been  j)reviously  obtained  from  the  Siwaliks ; 
the  memoirs  on  the  specimens  will  be  found  collected  in  the  first  volume  of  the 
“  Palffiontological  Memoirs,”  accoinjianied  by  a  j)]ato. 

The  first  specimeu  discovered  was  a  part  of  the  right  maxilla  with  the  molar 
series.  In  speaking  of  the  specimen  the  discoverers  (Messrs.  Baker  and  Durand) 
conclude  by  observing  :  “  This  circumstance  and  the  diiforcnccs  before  jiointcd  out, 
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clearly  separate  the  fossil  from  the  species  belougiug  to  the  genera  Gynoceidialus  or 
Semtwpithecus.” — (“  Palaeontological  Memoirs,”  Vol.  I,  p.  299.)  The  authors  seem 
here  clearly  to  have  considered  that  the  specie.s  could  not  belong  to  Semnopithems, 
and  not  to  have  as.signed  it  to  any  genus.  The  next  notice  of  the  specimen  occurs 
at  page  7  of  Profe.ssor  Owen’s  “British  Fossil  Mammals  and  Birds,”  where  the 
following  passage  occurs  :  “All  these  remains  were  entirely  fossili.sed,  and  they 
satisfactorily  confirmed  the  conclusions  of  Lieutenants  Baker  and  Durand,  that  a 
large  species  of  iSeynnopithecws  had  co-existed  with  the  Sivatfierijun  and  the  Hippopo- 
tamus.”  Now,  as  we  have  seen,  the  authors  in  question,  if  I  understand  them 
aright,  expres.5ly  stated  the  distinctness,  in  their  opinion,  of  the  species  from 
Semnopithecus. 

Apparently  from  this  statement  of  Prof.  Owen,  H.  von  kleyer  in  the  “  Index 
Palseontologicus”  (Nomenclature,  Vol.  II,  p.  1133)  refers  to  this  specimen  un¬ 
hesitatingly  under  the  genus  SemnojntherAts,  and  there  gives  it  the  name  of 
8.  suhhimalayanm. 

In  his  “  Osteographie”  (Primates,  p.  60)  M.  de  Blainville  refers  to  the  speci¬ 
men,  and  thinks  (if  indeed  it  belong  to  a  Monkey  at  all)  that  it  is  more  nearly 
allied  to  Mmcicus,  and,  above  all,  to  Gynocephalus,  from  both  of  which  genera  the 
original  describers  thought  that  it  was  generically  distinct,  although  they  observe 
that  “  were  it  not  for  the  size  of  the  canine  and  the  fifth  molar,  it  presents  some 
resemblance  to  the  genu.s  Macacus.” 

From  the  above  it  seems  to  be  clear  that  the  specimen  in  question  has  no  ■ 
right  to  the  generic  title  of  Seranopitheoiis,  though  I  do  not  mean  to  say  that  it 
may  not  belong  to  it.  When  the  .specimen  is  alluded  to  under  that  name,  it  must 
be  distinctly  understood  that  this  is  only  done  as  a  matter  of  convenience,  and 
because  it  has  so  frequently  been  referred  to  under  that  name. 

The  next  specimen  was  an  astragalus  discovered  and  described  by  Messrs. 
Falconer  and  Cautley,  who  remark  (“  Paleeontologieal  Memoirs,”  Vol.  I,  p.  300)  : 

“  It  (the  specimen)  con’esponds  exactly  in  size  with  the  astragalus  of  the  Semnopi- 
tliecus  entellus;”  and  again  :  “  This  astragalus,  in  conjunction  with  Messrs.  Baker 
and  Durand’s  specimen,  satisfied  us  of  the  existence  of  at  least  two  distinct  fossil 
Quaclrumana  in  the  Siwalik  hills.” 

In  the  same  Memoir  the.se  authors  also  treat  of  two  other  specimens  which 
were  both  fragments  of  lower  jaws  containing  teeth ;  one  of  these  jaws  was 
larger  than  that  of  S.  entellm,  and  belonged,  according  to  Falconer,  to 
“  a  species  of  smaller  size  than  the  animal  to  which  the  specimen  described  by 
Messrs.  Baker  and  Durand  ”  belonged  ;  there  is  no  direct  statement  of  the  genus  of 
the  specimen,  though  I  infer  that  the  authors  inclined  to  think  it  belonged  to 
Semnopithecus.  It  appears  to  me  to  be  not  improbable  that  this  specimen  and  the 
above-mentioned  Astragalus  may  have  belonged  to  the  same  species. 

The  other  specimen  of  a  lower  jaw  belonged  to  an  animal  intermediate  in 
size  between  Semnopithecus  entellus  and  Macacus  rhesus;  this  specimen  the  authors 
thought  probably  belonged  to  the  genus  Macacus  {Pithecus')  ;  an  additional 
specimen  of  the  lower  jaw  of  the  same  species  was  also  obtained. 

There  are  therefore  three  Siwalik  species  of  Monkeys  known  from  the  evidence 
of  molar  teeth,  via.,  a  large  species  specifically  named  subhimalayanus,  and  which 
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is  often  noticed  as  a  ISeitMOjiitlwciJ.s,  an  intermediate  species  probably  belonging 
to  that  genus ;  and  a  small  species  probably  belonging  to  Macacus.  There  seems 
also  to  be  evidence  of  another  sjjecies  known  from  a  single  upper  canine,  but  this 
does  not  concern  us  at  present. 

We  may  now  return  to  Mr.  Theobald’s  specimens;  the  finst  of  these  consists 
of  a  portion  of  the  right  maxilla,  containing  the  three  true  molars  and  the 
alveoli  of  the  two  premolars;  the  two  first  molars  are  slightly  touched  by 
wear,  while  the  last  (“  wisdom  tooth  ”)  is  still  in  germ,  being  very  late  in  its  time 
of  pi’otrusion.  The  crowns  of  the  teeth  are  oblong  in  shape,  and  bear  on  their 
masticating  surfaces  four  cones  placed  at  the  angles  of  this  surface ;  at  either  end 
there  is  a  slight  transverse  talon-ridge.  The  first  molar  is  smaller  than  the 
second,  and  the  third  nearly  equals  the  first,  and  is  somewhat  narrowed 
j)Osteriorly. 

The  second  specimen  is  an  almost  similar  portion  of  the  left  maxilla  of  a 
somewhat  older,  though  similarly  sized,  animal ;  it  shows  the  anterior  root  of  the 
zygomatic  arch,  the  last  true  molar,  and  the  alveoli  and  fangs  of  the  last  pre¬ 
molar  and  two  first  molars ;  each  of  these  teeth  was  inserted  by  three  fangs. 
The  last  tooth  of  this  speeimen  is  exaetly  like  the  same  tooth  of  the  previous 
specimen,  and  shews  that  both  specimens  belonged  to  the  same  species.  The 
anterior  i-oot  of  the  zygoma  is  placed  immediately  above  the  interval  between  the 
alveoli  of  the  first  and  second  molars.  In  the  following  table  the  dimensions  of 
the  first  of  Mr.  Theobald’s  specimens  are  gdven  in  the  first  column  (a),  the 
corresponding  dimen.sions  of  Macacus  {Tunv.us)  rhesus  in  the  second  column  (b), 
and  those  of  SemnoiAthec^is  entellus  in  the  third  column  (c)  : — 


Length  of  three  molars 
„  first  molar 
Width  of  „ 

Length  of  second  „ 
Width  of  „  „ 

Length  of  third  „ 
Width  of  „ 


a. 

h. 

c. 

075 

0-86 

10 

026 

■  0-29 

0-32 

0-22 

0-28 

0-30 

0-29 

0-31 

0-35 

0-28 

0-30 

0-36 

0-26 

0-29 

0-35 

0-23 

0-28 

0-35 

We  have  now  to  consider  the  question  of  the  genus  of  the  fossil  specimens, 
which  we  shall  find  a  by  no  means  easy  in’oblem,  as  the  teeth  of  allied  genera  of 
Monkeys  are  so  exce.ssively  alike  one  another.  Firstly,  we  may  say  that,  from 
their  squared  crowns,  the  teeth  in  question  do  not  belong  to  the  genus  Ilylobates, 
in  which  the  molars  have  rounded  angles  ;  secondly,  that  they  do  not  belong  to 
Cynocephalus,  on  account  of  their  small  size,  and  from  the  last  molar  being  nai-- 
rowed  posteriorly,  whereas  it  is  of  equal  width  throughout  in  the  latter  genus  ; 
thirdly,  that  they  do  not  belong  to  the  genus  Mesopitheem  ^  from  the  upjior 
miocene  of  Attica,  since  the  penultimate  upper  molar  of  that  genus  has  an  ac¬ 
cessory  tubercle  on  its  external  surface,  which  is  wanting  in  Mr.  Theobald’s  speci¬ 
mens  ;  scad,  fourthly,  that  they  resemble  the  teeth  of  Cereopithecus,  SernnopithecMS, 
and  Macacus  (including  sub-genera)  so  closely  that  they  must  belong  to  one  of 
these  three  genera. 


(.laadry:  “  Animaux  Fossiles  de  F-Vtlique,”  pi.  1,  figs,  (j,  7. 
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The  next  question,  therefore,  is  to  find  some  character  which  distinguishes  the 
molars  of  the  three  last-named  genera.  Now,  if  we  turn  to  page  442  of  Owen’s 
“  Odontography,”  we  shall  find  that  in  ti’cating  of  the  molars  of  the  mandrils,  the 
author  observes  that  the  true  molars  “  progressively  increase  in  size  from  the  first 
to  the  third;”  and  on  the  next  page,  that  “ the  smaller  Baboons,  of  the  genus 
Maeacus,  repeat  on  a  smaller  scale  the  dental  characters  of  the  mandrils.”  Now, 
with  all  due  deference  to  the  author  of  the  valuable  work  under  notice,  it  does  not 
appear  to  me  that  the  characters  given  above  are  always  characteristic  of  the  genus 
Macaeus,  because  if  we  refer  to  the  table  of  measurements  given  above  (and 
several  specimens  have  been  compared),  we  shall  find  that  in  M.  rhesus  the  first 
molar  is  smaller  than  the  second,  which  agrees  with  Professor  Owen’s  state¬ 
ment,  but  that  the  third  is  smaller  than  the  second,  which  does  not. 

In  treating  of  Semnopithecus,  Professor  Owen  remarks  on  page  443  that 
“  the  first  molar  is  equal  to  the  second.”  Now,  in  the.  table  given  above,  it  will  be 
seen  that  in  S.  eutellm  the  first  molar  is  smaller  than  the  second ;  and  in  the 
figm-ed  specimen  of  the  dentition  of  this  genus  given  in  figure  5,  plate  116,  of  the 
“  Odontography,  ”  the  first  molar  is  also  somewhat  smaller  than  the  second. 

These  characters  do  not,  therefore,  seem  to  be  of  any  great  value  as  afEording 
means  of  distinguishing  between  the  genera  in  question. 

It  does,  however,  appear  that  in  Semnopithecus  there  is  a  tendency  for  the 
molars  to  be  of  more  equal  size  than  in  Macacm,  in  which  the  first  is  always 
small  and  the  second  large ;  thus  in  S.  phayrei  and  S.  siamensis  the  first  and 
second  molars  are  of  equal  length ;  while  in  8.  entellus  and  8.  cephalopterus  the 
second  and  third  are  of  equal  length,  and  the  first  slightly  smaller.  I  have  seen 
no  instance  in  the  genus  Semnopithecus  in  which  in  the  same  jaw  the  first  molar 
is  smaller  than  the  second,  and  the  second  larger  than  the  third. 

In  the  genus  Gercopithecus  there  appeal’s  to  be  gi-eat  equality  in  the  size  of  the 
upper  molars ;  thus  in  C.  sabceiis  the  three  are  of  equal  length ;  in  G.  pluto  the 
two  first  are  equal,  and  the  third  slightly  smaller ;  and  indeed  in  all  the  specimens 
that  I  have  seen  the  two  first  are  of  equal  length. 

It  is  therefore  apparent  that  the  fossil  specimens  cannot  belong  to  Gercopithe- 
cus ;  and  it  is  also  apparent  that  in  the  relative  length  of  the  molars  they 
do  not  agree  with  any  species  of  Semnopithecus,  but  that  they  do  agree  with 
Macacus  rhesus ;  the  evidence  then  so  far  is,  that  the  fossils  belong  to  the  latter 
genus. 

Now,  with  regard  to  the  form  of  the  teeth  :  in  Semnopithecus  and  Macacus, 
the  two  first  upper  molars  appear  to  me  to  be  absolutely  indistinguishable  in  the 
two  genera :  the  last  molar  of  Macacus,  however,  has  the  posterior  talon-ridge 
forming  a  complete  semicircle,  which  connects  the  two  posterior  cones  of  this 
tooth ;  in  the  corresponding  tooth  of  Semnopithecus,  on  the  other  hand,  this  talon- 
ridge  starts  from  the  postero-internal  cone,  and  curves  upwards  and  outward, s,  to 
the  base  of  the  outer  side  of  the  crown,  its  curve  forming  only  a  quarter  in  place 
of  half  a  circle,  and  not  being  connected  with  the  outer  cone  at  all.  The 
last  molars  of  the  fossil  specimens  agree  with  the  last  molar  of  Macacus  in  this 
respect,  and  there  seems,  therefore,  to  be  no  doubt  from  this  and  the  previou.s  evi¬ 
dence  that  the  specimens  reallj’  belong  to  that  genus. 
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Next,  with  regard  to  the  question  of  species  :  the  teeth  are  smaller  than  those 
of  M.  silenus,  If.  rhesus,  and  If.  radiatus,  and  judging  from  the  relative  size  of 
31.  radiatus  and  31.  'pelops,  the  teeth  of  the  latter  would  also  he  larger  than  those 
of  the  present  specimens ;  again,  in  31.  rhesus  and  in  all  other  living  sjjecies  of  the 
genus  which  I  have  seen,  the  anterior  root  of  the  zygoma  is  placed  always  behind 
the  interval  between  the  first  and  second  molars,  whereas  in  the  fossil  specimens, 
this  root  s  exactly  over  this  interval. 

I  have  not  oeen  able  to  compare  the  fossil  specimens  with  the  teeth  of  other 
living  species  of  3Iaeaeus;  but  as  the  former  differ  from  the  Indian  species  of 
the  genus,  and  as  all  known  Siwalik  species  of  Mammals  are  extinct,  the  presump¬ 
tion  is  that  the  present  specimens  also  belong  to  an  extinct  specie.s. 

Turning  now  to  the  fossil  species  of  31amcus,  we  find  that  the  following  have 
been  described ;  the  small  lower  jaws  described  by  Falconer  from  the  Siwaliks 
and  referred  to  above ;  a  lower  jaw  from  the  London  clay  described  by  Professor 
Owen  under  the  name  of  3Iaoaous  eocenus;  ^  a  portion  of  an  upper  jaw  from 
the  newer  pliocene  of  Grays  described  by  Professor  Owen  as  31.  pliocenus ;  ^ 
and  a  lower  jaw  from  the  pliocene  of  Montpellier  desci'ibed  by  Professor  Gervais 
under  the  name  of  31.  prisms.^ 

The  small  lower  jaws  from  the  Siwaliks  described  by  Falconer  belonged  to  an 
animal  larger  than  31.  rhesus,  while  Mr.  Theobald’s  specimens  belonged  to  an 
animal  smaller  than  31.  rhesus;  now,  since  Falconer  obtained  two  specimens  of 
the  lower  jaw  which  agreed  exactly  in  size,  and  since  Mr.  Theobald  has  also 
obtained  two  specimens  of  the  smaller  upper  jaw,  which  also  agree  exactly  in  size, 
it  seems  to  be  probable  that  the  latter  belong  to  a  different  species  from  the  for¬ 
mer.  The  jaw  on  which  3Iacacus  eocenus  of  Owen  was  founded  has  been  sub¬ 
sequently  refci*red  to  Hyracothermm.* 

Both  31.  plioeenus  and  31.  priscus  are  too  large  to  have  belonged  to  so  small  an 
animal  as  that  to  which  Mr.  Theobald’s  specimens  belonged. 

It  is  therefore  clear  that  the  latter  teeth  do  not  belong  to  any  named  fossil 
species,  and  there  is  every  probability  that  they  do  not  belong  to  any  living 
species  :  this  being  so,  I  shall  propose  to  call  the  species  If.  sivalensis. 

PROBOSCIBIA. 

Genus:  Mastodon. 

I  have  already  said  in  the  Introduction  that  an  adolescent  cranium  of  the  new 
Siwalik  Trilophodont  3£astodon  ^  has  been  found  in  the  Potwar;  this  cranium 
contains  the  two  last  upper  milk-molars  and  the  first  true  molar ;  a  detached  second 
upper  true  molar  of  the  same  species  has  also  been  obtained  from  the  Siwaliks  ■ 
and  several  detached  teeth  from  Sind.  These  specimens  appear  to  prove  the 
specific  distinctness  of  3Iastodon  falconeri. 


’  Brit.  Foss.  Mara,  and  Birds,  p.  1.  ®  Zoologie  et  Baleontologie  Frangaises,  p.  11. 

^  Sup.  cit.  Int.,  p.  xlvi.  ’  Nicholson’s  Palseontologj,  p.  466. 

^  Eec.  Geol.  Suit.  India,  Vol.  X,  p.  83. 
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Mastodon  perimensis,  Falc. 

This  species  of  Indian  Mastodon  has  hitherto  only  been  known  from  the  mam- 
maliferons  bods  of  Perim  Island  in  the  Gulf  of  Cambay.'  Among  the  specimens 
of  Mastodon  teeth  in  Mr.  Theobald’s  Siwalik  collection  from  the  Punjab  there  is 
one  complete  lower  jaw,  and  several  detached  molars  which  must  be  referred  to  this 
sjjecies  and  which  prove  its  range  into  that  region.  The  molars  of  M.  perimensis 
are  at  once  distinguished  from  those  of  M.  latideri'S  by  the  transverse  valleys  being 
greatly  blocked  by  tubercles,  by  the  ridges  being  higher,  and  by  there  being  a 
slight  alternation  in  the  arrangement  of  the  inner  and  outer  columns  of  the  latter. 
The  same  teeth  arc  distinguished  from  those  of  M.  sivalens'is  by  the  number  of 
ridges  being  less,  and  by  the  ridges  being  less  alternately  di825osed,  and  the 
valleys  being  in  consequence  more  nearly  transverse.  Among  Mr.  Theobald’s 
specimens  are  a  first  and  a  second  njiper  true  molar  which  are  more  complete  than 
any  specimens  I'eprosented  in  the  “  Fauna  Antiqua  Sivalensis  of  one  of  these 
specimens  I  shall  hope  to  give  a  figure  on  a  future  occasion. 

Some  fragmentary  Mastodon  molars  from  Sind  collected  by  Mr.  Blanford, 
belong,  I  think,  to  this  species. 

The  lower  jaw  belonged  to  a  compiletely  adult  animal,  and  contains  the  two 
ultimate  molars ;  the  first  of  these  teeth  is  imperfect ;  the  second  is,  however,  com¬ 
plete,  and  contains  five  transverse  ridges  and  a  talon,  according  to  the  normal 
tetralophodont  formula. 

This  jaw  agrees  with  the  lower  jaws  of  other  Mastodons  and  differs  from  those 
of  elephants,  in  that  the  summit  of  the  coronoid  process  extends  ujJwards  as  high 
as  the  condyle ;  the  coronoid  and  condyle  are,  however,  more  closely  approximated 
than  in  other  species  of  the  genus.  The  inferior  and  posterior  borders  of  the 
jaw  are  nearly  at  right  angles  to  each  other,  the  angle  being  rounded  off. 

The  symphysis  of  the  mandible  is  pi-oduced  into  an  elongated  spoilt,  extend¬ 
ing  more  than  a  foot  in  advance  of  the  first  molar ;  the  symphysis  is  three 
inches  longer  than  the  last  molar.  This  sjiecimen  does  not  exhibit  any  traces  of 
incisors ;  but  another  specimen  of  the  symphysis  of  the  same  species,  also  col¬ 
lected  by  Mr.  Theobald,  shews  a  small  cavity  on  the  left  side  of  the  extremity, 
which  is  quite  likely  to  be  a  semi-obliterated  dental  alveolus.  It  is  therefore 
quite  possible  that  this  species  with  a  spatulate  mandible  may  have  been  fui-nishcd 
with  incisors,  which  were  shed  before  the  animal  became  adult.  If  this  be  so, 
the  species  would  agi’ee  in  character  with  the  European  Mastodon  longirostris, 
which  also  has  a  spatulate  mandible  and  lower  incisors. 

The  most  important  measurements  of  this  specimen  are  as  follows  : — 


Lengtli  from  Linder  border  of  last  molar  to  distal  extremity  of  Byrnphysis  .  29'0 

„  „  anterior  boixlcr  of  penultimate  molar  to  „  „  .  13’5 

„  of  last  molar  10'7 

Interval  between  condyle  and  coronoid  process  ....  5  0 


Mastodon  latidons. 

In  this  species,  I  have  lately  discovered  that  the  last  milk-molar  of  the  upper 
jaw  was  disiffacod  vertically  by  a  simjilor  prcmolar,  which  was  not  previously 


'  Falconer’s  Pala:ontological  Memoirs,  Vol.  II,  p.  15. 
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known  to  liavc  been  tbe  case.  The  specimen  from  which  this  interesting  dis¬ 
covery  was  made  consists  of  a  portion  of  a  left  maxilla  containing  a  single  tooth 
in  use  which  can-ies  foiu-  ridges  and  which  measures  3|  inches  in  length. 
Above  tbe  base  of  this  tooth  the  broken  jaw  shews  a  complete  germ  of  a  pre¬ 
molar,  which  I  have  removed  from  its  matrix :  the  germ  is  oval  in  shape,  and 
carries  only  two  ridges,  and  fore-and-aft  talons.  Since  the  larger  tooth  is  situated 
below  a  premolar,  it  is  clear  that  the  former  is  a  milk-molar,  and  since  it  carries 
four  ridges,  that  it  is  the  last  or  third  tooth  of  that  series.  I  cannot,  of  course, 
say  whether  the  penultimate  milk-molar  of  M.  latidens  was  succeeded  by  a  pre¬ 
molar,  but  not  unprobably  such  was  also  the  case. 

Genus :  Stegodon. 

Stegodon  clifiii. 

This  species  was  originally  named  upon  the  evidence  of  teeth  obtained  solely 
from  Ava  and  Eurma,  and  I  cannot  find  more  than  one  recorded  instance  of 
its  having  been  obtained  beyond  those  countries.  This  instance  occurs  in  the 
catalogue  of  the  fossil  vertebrata  of  the  Asiatic  Society  of  Bengal,’  where  a 
portion  of  a  mandible  of  8-  cliftii  (No.  is  stated  to  have  been  obtained  from  the 
Siwaliks.  In  the  table  of  the  species  of  Mastodon  and  Elephant  given  on  page  14 
of  the  second  volume  of  the  “  Pateontological  Memoirs,”  the  distribution  of  this 
species,  like  that  of  Mastodon  latidens,  is  given  as  “  Southern  India  and  Ava 
now,  the  latter  species  is  well  known  as  occurring  in  the  Siwaliks,  and  “  Southern 
India”  may  be  a  misprint  for  Siwaliks  ;  on  the  other  hand,  Southern  India  is 
given  as  the  locality  of  M.  panddonis  which  was  obtained  from  the  Deccan,  and  it 
is  possible  that  M.  latidens  and  8.  cliftii  have  also  been  obtained  from  the  Deccan  : 
if  so,  however,  all  record  of  this  has  been  lost ;  on  this  supposition  the  word 
“  Siwaliks  ”  is  omitted  from  the  distribution  of  M.  latidens.  All  the  specimens  of 
8.  cliftii  figured  in  the  “  Fauna  Antiqua  Sivalensis  ”  of  which  the  locality  is  given, 
were  obtained  from  Ava  and  Burma,  and  therefore  the  only  recorded  instance  of 
the  species  occurring  in  the  Siwaliks  is  the  above-mentioned  lower  jaw. 

The  distribution  of  this  species  being  so  uncertain,  it  is  a  matter  of  some  in¬ 
terest  that  I  am  now  able  to  state  clearly  that  the  species  does  occur  in  the 
Siwaliks.  I  am  not  aware  that  any  specimens  of  8tegodon  cliftii  have  hitherto 
been  recorded  as  having  been  found  in  the  Sub-Himalayan  Siwaliks. 

Two  specimens  of  molars  of  a  8tegodcm  sent  by  Mr.  Theobald  seem  undoubtedly 
to  belong  to  this  species  :  the  first  specimen  is  a  portion  of  the  (probably)  first  upiier 
true  molar;  it  carries  five  complete  transverse  ridges,  a  sixth  having  been  broken 
away.  In  the  number  of  ridg'es  the  tooth  agrees  with  the  fiist  molar  of  8.  cliftii ; 
it  differs  from  the  corre.sponding  tooth  of  8.  insignis  by  having  six,  in  place  of 
seven  ridges,  and  by  being  wider,  and  by  the  more  open  valleys :  it  is  also  much 
wider,  and  the  valleys  are  more  open  than  in  the  tooth  which  1  refer  below  to 
8.  homhifrons,  though  that  tooth  also  contains  six  ridges.  The  second  specimen 
is  a  right  ramus  of  the  mandible  containing  the  ultimate  true  molar :  this  tooth 
agrees  in  general  eharacter  with  the  coiresponding  tooth  of  8.  clifiii  represented 


'  Palaeontological  Memoirs,  Vol.  I,  p.  Il3.  —  Cat.  Foss.  Vert.  Mus.  A.  .S.  1!.,  p.  75. 
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in  fig.  5,  Plate  XXX,  of  tlie  “  Fauna  Antiqna  Sivalensis ;  ”  tlie  latter,  however, 
carries  eight,  in  place  of  seven  ridges,  the  number  of  ridges  frequently  varying 
by  one  or  more  in  this  tooth.  The  last  lower  molar  of  S.  insignis  carries  from 
11  to  13  ridges,  and  that  of  8.  homhifrons  9  ridges ;  the  latter  tooth  is  further 
distinguished  from  the  last  lower  molar  of  8-  eliftii  by  carrying  a  large  number 
of  cusps  on  the  ridges,  whereas  there  are  only  four  or  five  on  the  last  lower  molar 
of  8.  eliftii.  The  iddge  formula  of  the  true  molars  of  8.  eliftii  will  therefore 
now  be  as  follows  : — 

_ 

6  +  6  +  (7-8) 

Stegodon  homhifrons  and  8.  sinensis. 

A  considerable  number  of  molar  teeth  of  other  species  of  8tegodon  have  lately 
been  collected  by  Mr.  Theobald,  among  which  there  are  some  which  call  for  a 
short  notice  here  ;  most  of  these  teeth  belong  to  the  “  intermediate  molars.”  It 
may  be  well  to  state  here  that  the  whole  of  the  ridge  formula  of  the  molars  of 
8.  insignis  has  been  determined  by  Dr.  Falconer  (“  Palaeontological  Memoirs,” 
Vol.  II,  p.  86)  and  is  as  follows  : — 

Milk-molars.  M  ol  ars, 

2  +  (5-6)  +  7  7  +  8  +  (10-n) 

2  +  5  +  7  ^(8-9)  +  (ll-13)‘ 

The  ridge  formula  of  8.  ganesa  is  considered  by  Falconer  to  be  the  same : 
the  whole  ridge-formula  of  8.  homhifrons  is  not  known,  but  it  will  be  gathered 
from  the  figures  in  the  F.  A.  S.  that  it  is  lower  than  in  ;  the  third 

milk-molar  has  six  ridges.  (F.  A.  S.,  PI,  XXIX  A,  fig.  1.)  Of  Stegodon  eliftii 
the  ridge-formula  of  the  anterior  teeth  is  not  known  ;  the  two  first  true  molars, 
however,  carry  each  six  ridges,  and  I  have  ah’eady  given  their  formula. 

Having  premised  this  much,  our  comparisons  will  be  the  more  easily  made. 
The  first  among  Mr.  Theobald’s  specimens  to  which  I  wish  to  call  attention  is  a 
portion  of  a  maxilla,  containing  the  last  milk-molar,  and  the  first  true  molar, 
the  latter  tooth  I  shall  often  refer  to  as  a ;  the  former  tooth  appears  to  have  carried 
six  ridges,  but  is  much  worn ;  the  latter  carries  six  ridges,  and  fore-and-aft  talons, 
the  former  joining  the  first  time  ridge  in  the  middle ;  there  is  a  slight  tendency 
to  a  median  division  in  the  ridges,  especially  the  anterior  ones  ;  each  ridge  carries 
fourteen  or  fifteen  tubercles,  and  the  four  last  ridges  are  much  curved.  The 


dimension  of  these  teeth  are  as  follows : — 

Length  of  third  milk -molar  .  .  .  .  .  4’1 

Width  of  „  „  .....  2’3 

Length  of  first  true  molar  .....  5-9 

Width  of  „  . 3  0 

Interval  between  3rd  and  4th  ridges  of  first  true  molar  .  .  I'O 


Xow,  it  is  quite  clear,  from  the  number  of  ridges  carried  by  the  first  true  molar, 
that  these  teeth  cannot  belong  to  8.  insignis  or  8.  ganesa ;  the  first  molar  agrees 
with  the  homologous  tooth  of  8.  eliftii  in  carrying  side  ridges,  but  differs  in  form 

*  The  ridges  of  milk-molar  2  are  given  as  5,  in  the  specimen  represented  in  F.  A.  S.,  PI.  XIX., 
fig.  1. 

K 
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aiul  relative  size.  The  dimensions  of  tlio  first  upper  true  molar  of  8.  diftii 
rei.resented  in  figure  2  of  Plate  XXX  of  tlie  P.  A.  S.  are  as  follows : 

Length  g'l 

Width  3'3 

Interval  between  3rd  and  4th  ridges  .  ,  ,  .1*2 

The  new  tooth  is,  therefore,  relatively  narrower,  and  is  further  distinguished 
by  having  a  lai'ge  hind  talon  which  is  wanting  in  8.  diflii.  Of  Falconer’s  species 
of  8tegodon  there  therefore  only  remains  S.  limMfrons  to  which  our  specimens  can 
belong ;  as  the  third  molar  of  this  species  has  six  ridges,  the  first  true  molar 
should  also  have  six  ridges,  and  at  fii’st  I  thought  of  referring  the  teeth  under 
discussion  to  8.  honibifrons  had  it  not  been  for  certain  reasons  to  be  immediately 
noticed. 

The  true  molar  in  this  jaw  agrees  with  the  second  milk-molar  of  a  8tpgodon 
from  China,  referred  by  Professor  Owen '  to  a  new  species  under  the  name  of 
8.  sinensis,  in  the  following  characters;  both  these  teeth  have  cuiwod  transverse 
ridges,  which  carry  from  fourteen  to  fifteen  tubercles,  and  have  a  slight  median 
division  of  the  ridges.  In  both  teeth  there  is  an  imperfect  ridge  at  the  anterior 
end,  which  joins  the  middle  of  the  first  complete  ridge :  this  imperfect  ridge  I 
consider  to  be  only  a  talon,  though  Professor  Owen  regards  it  as  the  first  true 
ridge.  From  a  comparison  of  the  Chinese  and  Siwalik  specimens,  I  have  not  the 
.sliglitost  doubt  but  that  they  belong  to  the  same  species;  the  length  of  the 
Chinese  second  milk-molar  is  2-9  inches  and  its  width  2'0  inches :  dimensions 
which  would  well  correspond  to  those  of  the  tooth  which  should  precede  the  third 
milk-molar  in  the  Siwalik  specimen. 

We  have  now  to  consider  another  first  upper  molar  of  a  8terjn(Ion  from  the 
Pun  jab  which  I  will  designate  as  h  ;  this  tooth  can’ies  only  six  ridges,  and  cannot 
tliex'efore  belong  to  8,  instxjnis  or  8.  gimesii.  These  ridges  are  very  closely 
approximated  and  run  straight  across  the  tooth  ;  there  is  a  large  hind  talon.  The 
length  of  this  tooth  is  t'O  inches,  its  width  2'9  inches,  and  the  distance  between 
the  third  and  fourth  ridges  0’8  inch.  From  those  dimensions  it  will  be  quite 
api)arent  that  this  tooth  is  not  the  first  true  molar  of  8.  diftii,  nor  of  the  Chinese 
species.  It  at  one  time  occuiTcd  to  mo  that  this  tooth  might  bo  the  third  milk- 
molar  of  8.  diftii,  but  the  approximation  of  the  ridges  is  against  that  view. 
Again,  the  length  of  the  worn  third  milk-molar  of  that  species  represented  in 
figure  I  of  Plate  XXX  of  the  F.  A.  S.  is  only  3'3  inches  and  its  width  2  inches ;  it 
is  therefore  clear  that  tooth  h  does  not  belong  to  8.  diftii. 

Now,  with  regard  to  8.  hombifrons,  tooth  h  agrees  with  the  hinder  molars  of 
that  species,  in  having  broad  and  blunt  ridges,  (“  Palaeontological  Memoirs,”  Vol.  I, 
p.  HI,)  in  having  a  hind  talon,  and  having  fewer  ridges  than  the  first  molar  of 
8.  insignis.  There  is,  therefore,  every  presumption  of  this  tooth  being  the  first 
true  molar  of  8.  hombifrons. 

This  being  so,  the  first  molar  a  and  the  Chinese  tooth  cannot  belong  to  8. 
lyojwSx/roris,  and  since  they  do  not  belong  to  any  other  of  Falconer’s  Siwalik  species, 
wo  must  retain  for  these  Owen’s  name  of  8.  sinensis. 


*  Quar,  Jouru.  Geol.  Soc.  Loud.,  Vol.  XXVI.  p.  417,  pi.  27. 
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One  other  tooth  remains  to  be  mentioned  :  this  specimen  is  a  small  upper  molar 
of  a  Stegodon,  which  from  its  carrpng  four  ridges  only,  and  from  its  size,  must  bo 
a  second  milk-molar;  the  length  of  this  tooth  is  ‘2'2  inches,  and  its  width  1'4 inch. 
It  cannot  belong  to  S.  insignis  and  S.  ganesa,  since  the  second  milk-molar  of  those 
species  has  five  or  six  ridges  (F.  A.  S.,  Plate  XIX,  fig.  I)  ;  neither  can  it  belong 
to  8.  sinensis,  since  it  is  much  smaller  than  the  homologous  tooth  of  that  species 
figured  by  Professor  Owen,  and  diSers  from  that  .specimen  in  having  no  anterior 
talon,  and  in  having  straight  ridges. 

It  may  belong  to  S.  cliftii  or  S.  iomhifrons  ;  if  it  belong  to  the  former,  it  con¬ 
clusively  proves  that  tooth  h  cannot  be  the  third  milk-molar  of  that  species, 
as  the  latter  would  be  far  too  large  to  have  immediately  followed  it.  If  this 
second  milk-molar  belong  to  S.  homhifrons,  as  I  think  probable,  it  most  con¬ 
clusively  proves  that  the  homologous  Chinese  tooth  cannot  belong  to  that  species. 

The  inference  from  the  above  would  be  that  there  existed  a  fifth  species  of 
Stegodon  in  the  Siwaliks,  which  is  the  same  as  »S'.  sinensis  of  Owen ;  and  also  that 
both  that  species  and  S.  homhifrons  had  a  low  ridge  formula,  which  shews  that 
they  are  closely  connected  with  the  Mastodons  and  S.  cliftii.  Professor  Owen  at 
page  420  of  his  notice  of  the  Chinese  Stegodon  suggests  that  the  two  imperfect 
hinder  molars,  represented  in  figures  5  and  6  of  Plate  XXIX  A  of  the  F.  A.  S., 
which  were  considered  latterly  by  Falconer  to  differ  from  the  named  species, 
belong  also  to  S.  sineyisis.  The  discovery  of  a  tooth  in  the  Siwaliks,  which 
corresponds  with  the  Chinese  specimen  of  that  species,  confirms  that  suggestion  ; 
I  shall  hope  on  a  subsequent  occasion  to  be  able  to  present  fuller  details  of  the 
dentition  of  S.  homhifrons  and  8.  sinensis. 

Genus:  Dixotheeicm. 

Of  this  genus  Mr.  Blanford  has  obtained  from  Sind  a  very  beautiful  specimen 
of  a  ramus  of  the  mandible,  containing  the  four  la.st  teeth  in  perfect  preservation  ; 
several  detached  teeth  have  also  been  obtained  from  Sind,  as  well  as  a  single 
milk-molar  from  Kushalghar.  AU  the  specimens  seem  to  belong  to  D.  peiitapotarmce ; 
the  small  size  of  the  new  specimen  of  the  mandible  quite  confirms  the  distinctne.ss 
of  the  latter  species  from  D,  indicurn. 

With  the  addition  of  the  above-mentioned  species,  two  of  which  are  new  to 
the  Sub-Himalayan  Siwaliks,  the  Proboscidian  Fauna  of  the  Siwaliks  of  the 
Western  Punjab  is  the  largest  yet  known  in  any  one  area;  it  comprehends  the 
following  species,  all  of  which  are  represented  in  the  collection  of  the  Indian 
Museum : — 


Dinotherium  pentapotaraiae,  nobis. 

Mastodon  (  Trilophodon)  falconeri,  nobis. 
Mastodon  (Tetralophodoii)  latidens,  Clift. 
Mastodon  (TetralopTiodon)  perimensis.  Falconer. 
MastO'lon  (^Pentalophodwi)  sivalensis,  Falconer. 
Stegodon  cliftii,  Falconer. 

Stegodon  homhifrons.  Falconer. 

Stegodoyi  sinensis,  Owen. 
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Stegodon  insignis,  Falconer. 

Loxodon  planifrons,  Falconer. 

Tduelephas  hijmdricm,  Falconer. 

Stegodon  ganesa  may  also  not  improbably  occur  in  the  Western  Pnnjdb,  but 
the  teeth  are  undistinguishable  from  these  of  S.  insignis,  and  no  cranium  has  been 
found. 

The  distribution  of  the  Indian  fossil  Proboscidia,  as  far  as  I  can  at  present 
determine  it,  seems  to  be  as  follows: — 

Disteibution  of  Indian  Fossil  Peoboscidia. 

[The  abbreviations  of  localities  used  in  the  table  are  as  follows :  B.,  Burmah,  D.,  Siwaliks  of 

Debra  Dun  District.  De.,  Deccan.  C.,  China.  J.,  Jamna  Valley.  K.  Each.  N.  Nerbudda 
Valley.  P.,  Western  Punjab.  P.  I.,  Perim  Island.  S.,  Sind.  The  following  refer  to  books ; 
A.  S.  B.,  Falconer’s  '“Catalogue  of  Fossil  Vertebrata  in  Asiatic  Society  of  Bengal.”  F.  A.  S., 
‘‘Fauna  Antiqua  Sivalensis.”  P.  M.,  “ Palseontological  Memoirs.”  R.  G.  S.  I.,  “Records  of 
Geological  Survey  of  India.”] 

Dinotkerium  indicum,  P.  I.‘ 

Dinotherinm  pentapotamicB,  K. ;  P.  ;  S. 

Mastodon  (Trilophodon')  faleoneri,  P. ;  S. 

Mastodon  (Trilopliodon)  pandionis,  De.® 

Mastodon  (Tetralophodbn')  latidens,  B.’ ;  D. ;  P.  ;  P.  I.^;  S.- 

Mastodon  (Tetralophodon')  perimensis,  P.  ;  P.  I. ;  S.  (?). 

Mastodon  (JPentalopliodon)  sivalensis,  D. ;  P.  I. 

Stegodon  cliftii,  B. ;  P. 

Stegodon  bonibifrons,  D.  ;  P. 

Stegodon  sinensis  C. ;  D.  (?) ;  P. 

Stegodon  insignis,  D. ;  P.  ;  N.® 

Stegodon  ganesa,  D. ;  N.’ 

Loxodon  planifrons,  D.;  P. 

Enelephas  liysudricus,  D. ;  P. 

Etielephas  namadiciis,^  N. ;  J. 

In  the  table  of  Proboscidia  given  on  page  14  of  the  “  Palieontological  Memoirs” 
certain  species,  such  as  If.  latidens  and  S.  oliftii,  are  mentioned  as  occurring  in 
“  Southern  India,”  and  not  in  the  Siwaliks ;  this  question  has  already  been 
sufBciently  discussed  above. 

>  F.  A.  S.,  pi.  3.  "  A.  S.  B..  p.  206.  «  A.  S.  B  ,  p.  316. 

Pal.  Mem.,  Vol.  II,  p.  15.  =  A.  S.  B.,p.  256.  ’  R.  G.  S.  I.,  X.  p.  31. 

’A.  S.  B.,  p.  H. 

®  I  am  informed  that  during  the  past  year  Professor  Leith- Adame,  in  the  publications  of  the 
“  Palasontographical  Society,”  has  endeavoured  to  prove  the  identity  of  the  Nerbudda  Elephant 
with  E.  antiquus  of  the  pliocene  of  Europe.  1  have  not  at  present  seen  the  Memoir  in  question, 
and  therefore  cannot  discuss  the  question  fully.  I  may,  however,  observe  that  Dr,  Falconer,  who 
named  the  two  species,  considered  them  as  distinct,  but  closely  allied  (Pal.  Mcui.,  Vol.  II.,  p.  108) ; 
of  the  Indian  species  Dr.  Falconer  remarks  (sup.  cit.,  p.  642)  :  “It  {Elephas  namadicus)  belongs 
to  the  same  group,  Etielephas,  as  the  existing  Indian  Elephant,  but  it  is  broadly  distinguished  from 
that  species  and  from  all  other  known  species  by  a  very  marked  peculiarity  in  the  form  of  the 
cranium,  in  addition  to  dental  and  other  characters.” 
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ARTIODACTYLA. 

SUINA. 

Genus ;  Hyotheuicm. 

A  considerable  number  of  detached  molars  of  both  bunodont  and  selenodont 
pig-like  animals  have  been  obtained  by  Messrs.  Blanford  and  Tedden  from  Sind ; 
to  some  of  these  specimens  I  have  already  referred  at  pages  76  and  225  of  the  tenth 
volume  of  this  publication. 

At  page  76  of  that  volume  I  shortly  described  certain  upper  molar  teeth  which 
I  then  referred  to  Samthermm  sohlaginiweitii,  thinking  that  they  agreed  in  size 
with  the  lower  molars  of  that  species,  and  that  from  their  form  they  could  not 
belong  to  any  European  genus  ;  I,  however,  pointed  out  their  resemblance  to  the 
molars  of  Hyotherium  (or  GhoBrotherium,  as  it  is  often  called). 

I  now  find  that  these  teeth  do  really  belong  to  Hyotherium  ;  the  first  specimens 
were  distorted  and  crushed,  and  consequently  were  altered  from  their  true  form  ; 
those  specimens,  moreover,  were  unusually  small,  and  were  both  first  molars :  the  last 
molars,  which  have  now  been  obtained,  shew  that  they  are  too  large  to  have 
belonged  to  S-  scMagintweitii. 

Some  of  the  smaller  of  these  upper  molars  are  almost  identical  in  form  with 
certain  teeth  of  H.  medium  from  the  upper  miocene  of  Weissenaii,  in  the 
collection  of  the  Indian  Museum  ;  they  are,  however,  of  larger  size,  and  are  there¬ 
fore  probably  distinct ;  if  such  be  the  case,  I  shall  propose  to  call  the  Sind  form 
H.  sindiense. 

It  will  be  inferred  from  the  above  that  the  upper  molars  of  Sanitherium  arc 
still  unknown;  the  name  of  that  genus  must  also  be  removed  from  the  list 
of  the  tertiary  Mammalia  of  Sind. 

Anthracotheeium,  Rhagatheeium,  and  Ch(eeomeeyx. 

The  confusion  caused  by  the  reference  of  teeth  of  two  distinct  genera  to 
Ghoeromeryx  (Anthracotherium)  silistrensis,  has  been  so  great,  that  it  is  somewhat 
difiicult  to  recover  from  it.  It  will  be  remembered  that  at  page  225  of  the  tenth 
volume  of  the  “  Records  ”  I  separated  the  five-columned  tooth,  which  had  been 
referred  to  the  above  species,  from  the  four-columned  teeth  which  really  belong  to 
Q.  silistrensis ;  and  that,  at  the  same  time,  I  considered  that  the  former  might 
possibly  belong  to  Bhagatherium,  though  I  was  not  certain  of  this  (owing  to  the 
fact  that  we* have  scarcely  any  specimens  of  European  genera  of  extinct  pig-like 
animals  in  the  Indian  Museum  for  comparison) .  It  has  subsequently  occurred  to 
me  that  there  is  really  no  reason,  as  far  as  I  can  gather  from  their  form,  for 
separating  the  five-columned  teeth  in  question  from  the  genus  Anthracotherium, 
although  they  resemble  in  some  points  those  of  the  closely  allied  Bhagatherium ; 
and  that  consequently  Pentland  was  really  right  in  assigning  the  five-columned  tooth 
from  Sylhet  to  Anthracotherium,  but  that  he  was  rvrong  in  assigning  also  the 
four-columned  teeth  to  the  same  genus  and  species ;  subsequent  authors,  as  I  have 
said  in  my  former  notice,  erred  in  referring  the  five-columned  tooth  to  Gkcerotiieryx, 
which  genus  was  made  expressly  for  the  four-columned  teeth. 
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Considering,  tlien,  that  there  is  really  no  reason  for  separating  the  five-columned 
teeth  from  Sind  and  Sylhet  from  the  genus  Anthracotherium,  it  will  occur  to  the 
reader  that  at  page  78  of  the  tenth  volume  of  the  “  Records  ”  I  described  under  the 
name  of  Anthracotherium  puiijubiense  a  lower  jaw  of  a  species  of  that  genus  obtained 
from  the  Siwaliks  of  the  Punjab,  and  that  I  then  remarked,  “  although  these 
teeth  belong  to  an  animal  of  about  the  same  size  as  Ghceromeryx,  they  cannot  be 
rofen-ed  to  that  genus,  as  they  present  no  generic  points  of  difference  from  the 
teeth  of  the  European  species  of  Anthracothernm,.”  Now,  since  we  have  found 
that  the  upper  five-columned  teeth  falsely  referred  to  Ghmromeryx  really  do  belong 
to  Anthracotherium,  it  will  bo  jirotty  evident  that  as  they  agree  in  size  with  the 
lower  molars  assigned  to  A.  punjahiense  that  they  really  belonged  to  the  same 
species. 

Now,  with  regard  to  the  specific  names,  it  is  pretty  evident  that  Pentland, 
in  giving  the  name  of  Anthracotherium  siUstrense  to  the  Sylhet  teeth,  relied  upon 
the  larger  five-columned  tooth,  neglecting  the  distinct  characters  of  the  smaller 
four-columned  teeth.  It  is  also  tolerably  evident  that  Pomel,  in  making  the  new 
genus  Ghwroineryx,  founded  it  on  the  evidence  of  the  four-columned  teeth,  the  original 
figure'  of  the  five-columned  tooth  being  indistinct,  though  a  second  figure  given 
in  the  “  Fauna  Antiqua  Sivalensis,”  ^  and  apparently  copied  from  the  original, 
is  distinct. 

I  therefore  think  that  the  name  Antlircwotherium,  silistre^ise  must  apply  to  the 
five-columned  teeth  from  Sind  and  Sylhet  and  also  to  the  lower  jaw  from  the  Punjab, 
and  that  consequently  my  two  specific  names  of  sindieme  omA  punjabieuse  must 
be  abandoned. 

With  I'egard  to  the  .specific  name  of  Glmromeryx,  I  cannot  find  in  the  original 
notices  that  the  specific  n.amo  of  siUdrensis  is  coupled  with  this  genus  ;  but  since 
Ghivromeryn;  is  quoted  as  being  equivalent  to  Antkracotheriwn  siUstrense,  it 
appears  evident  that  the  specific  name  was  intended  to  apply  to  that  genus,  though 
that  genus  has  really  no  right  to  it.  One  would  therefore  be  at  liberty  to  as.sign 
a  new  name  to  Ghmromeryx,  but  I  think  it  best  to  continue  to  apply  the  name  of 
silistrensis  to  the  specie.s,  irrespective  of  the  question  of  the  identity  of  the  genus 
with  Merycopotamus. 

The  synonomy  of  Anthracotherium  siUstrense  and  Ghmromeryx  silistrensis 
will  therefore  stand  as  follows  : — 

Antheacotheritjm  silistbense — Pent,  (excluding  four-columned  teeth). 

Syn.  Anthracotherium  punjahiense,  Lyd. 

Ithagatherium  (1)  sindiense,  Lyd. 

Ghmromeryx,  Pomel,  in  pai-te. 

Chceeomebtx  sii.istrbnsis,  Pomel  (excluding  five-columned  tooth). 

Syn.  Anthracotherium  silistrensis.  Pent.,  in  parte. 

I  regret  the  part  which  I  have  taken  in  adding  to  this  confusion  of  names ; 
hut  under  the  circumstances  it  was  almost  unavoidable  until  I  discovered  the 
original  errors  in  identification. 

*  Trans.  Geol.  Soc.  Lend.,  Ser.  11,  Vol.  11,  pi.  45,  figs.  4,  5. 


2  PI.  68,  fig.  23. 
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Both  the  upper  and  lower  teeth  of  Anthracotlterium  silistrense  are  exceedingly 
like,  both  in  size  and  foinn,  to  the  teeth  of  an  Antliracotherium  from  the  brown-coal 
of  Bonn  (oligocene),  described  by  Dr.  Bocttger  under  the  name  of  A.  hreviceps 
(Troschel,  sp.)  ;*  the  lower  molars  of  the  Indian  and  Eurojjean  forms  are 
identical  in  size,  while  the  Indian  upper  molar  is  rather  larger  than  the 
European.  If  the  two  forms  belong  to  one  species  (which  I  cannot  decide  with¬ 
out  comparing  the  specimens  together),  the  specific  name  of  silistrense  would 
stand,  since  this  name  was  published  by  Pentland  in  1829,  while  the  specific 
name  of  hreviceps  was  given  by  Troschel  in  1849.* 

Irrespective  of  the,  at  all  events,  closely  allied  European  form,  Anfhracotkerimn 
silistrense  had  a  very  wide  range  in  India,  having  been  found  in  Sylhet,  in  the 
Punjab,  and  in  Sind.  I  have  already  referred  to  the  possibility  of  the  lower  jaw 

of  this  species  from  the  Punjab  having  been  derived  from  a  zone  below  that  which 

produces  the  great  majority  of  mammalian  fossils;  the  occurrence  of  the  genus  in 
the  Sind  Siwaliks  agrees  well  with  the  general  older  types  of  mammalian  genera 
which  occur  in  that  area;  among  these  older  genera,  we  may  specially  mention 
Hyopotamus  and  Ifyotherium,  which  in  India  have  not  hitherto  been  found  beyond 
the  Sind  area,  and  which  in  Europe  did  not  survive,  as  far  as  we  yet  know,  beyond 
the  lower  miocene  23eriod. 


Meetcopotamus-like  Animals. 

It  will  perhaps  be  remembered  that  at  page  78  of  the  previous  volume  of  the 
“  Records  ”  I  briefly  noticed  a  single  upper  molar  tooth  of  an  extinct  Siwalik  animal 
allied  to  Meryenpotamus,  and  which  I  thought  belonged  to  a  new  genus.  During 
Bie  past  season  Mr.  Blanford  has  obtained  from  the  Siwaliks  of  Sind  two  more 
imperfect  upper  molars  of  the  same  species,  and  in  addition  a  penultimate  lower 
molar  of  an  animal  of  this  class,  which  in  size  agrees  well  with  the  upper 
molars,  and^  which  does  not  belong  either  to  Merycopotamus  or  Ilyopotawus ; 
I  think  it  IS,  therefore,  extremely  probable  that  this  lower  molar  belonged 
to  the  same  animal  as  the  above-mentioned  up2ier  molars.  The  lower  molar 
IS  distinguished  from  the  corro.sponding  tooth  of  Merycopotamus  by  having 
a  lower  crown,  by  the  transverse  valley  being  nearly  blocked  instead  of  freely 
open  on  the  inner  side,  by  the  worn  dentine  surfaces  of  the  inner  and  outer 
columns  being  of  nearly  equal  width,  and  by  the  dentine  surface  of  the  inner 
column  being  equal  to  the  whole  length  of  that  column,  instead  of  occiqiying 
its  summit  only  as  in  Merycopotamus.  The  form  of  the  same  dentine  surface.^ 
also  distinguishes  this  tooth  from  that  of  Hyopotamus,  in  which,  as  is  well  shewn 
in  Professor  Owen’s  figure  on  2ilate  viii  of  the  fourth  volume  of  the  “  Quarterly 
Journal  of  the  Geological  Society,”  the  dentine  surface  of  the  outer  column  is 
large  and  wide,  while  that  of  the  inner  column  only  occupies  the  summit  of  the 
column,  and  not  its  whole  length ;  the  inner  column  of  the  new  tooth  is  flatter 
and  less  conical  than  in  either  Hyopotamus  or  Merycopotamus. 


*  Dnnkcr  and  /ittcFs  Palteontograpliica,  Vol.  XXIV,  p.  163. 
^  Boettger,  swp.  cit^ 
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The  entire  distinctness  of  these  upper  and  lower  molars  from  those  of  any 
known  genus  confirm  the  conclusions  previously  arrived  at  as  to  the  distinctness 
of  the  genus  to  which  they  belong.  I  propose  to  call  the  new  genus  Hemimeryx. 

Besides  the  above-mentioned  specimens,  Messrs.  Blanford  and  Pedden  have 
also  collected  from  the  same  formation  several  detached  upper  molar  teeth,  which 
belong  to  two  other  species  of  Merycopotamoids,  apparently  generically  distinct 
from  any  of  the  above,  or  from  Oltmromeryx.  Both  these  types  of  teeth  are  of 
smaU  size,  the  one  is  considerably  larger  than  the  other ;  they  belonged  to  animals 
intermediate  between  the  bunodont  and  selenodont  suina  ;  both  types  carry  four 
cones  only  on  the  masticating  surface ;  one  lower  molar,  probably  belonging  to 
the  same  species  as  the  larger  upper  molars,  has  also  been  obtained.  Mr.  Fedden 
has  also  obtained  from  Sind  the  hinder  half  of  a  cranium  of  a  Merycopotamoid, 
which,  I  think,  may  probably  have  belonged  to  the  same  species  as  the  larger  of 
the  molars  in  question.  Should  further  researches  prove,  as  I  think  will  be 
the  case,  the  generic  distinctness  of  these  teeth,  I  shall  propose  the  name  of 
Sivameryx  for  the  new  genus.  All  the  above  specimens  will  be  subsequently 
figured. 

Of  the  Sind  llyopotamus '  the  Indian  Museum  has  received  two  imperfect 
specimens  of  the  last  lower  molar :  these  teeth  agree  very  closely  in  character 
with  the  Eui'opean  H.  hovmus ;  we  have  also  received  a  portion  of  a  lower  jaw 
containing  sections  of  the  bases  of  the  two  last  lower  molars,  which  agree  in 
form  and  size  with  the  last-mentioned  lower  molars.  The  fragment  agrees  very 
closely  vuth  the  corresponding  portion  of  the  lower  jaw  of  H.  hovinm  figured 
in  the  above-mentioned  paper  of  Professor  Owen’s.  The  depth  of  the  Sind  jaw 
is  1’3  inch,  and  the  length  of  the  section  of  the  last  molar  1'32  inch ;  these 
dimensions  seem  to  be  identical  with  those  of  If.  hovmus;  the  upper  molars  of 
the  Sind  species  are,  however,  less  concave  on  the  external  (dorsal)  surfaces  of 
the  outer  columns  than  those  of  the  European  species. 

From  the  perusal  of  this  and  other  papers  by  myself  on  the  same  subject,  it 
will  be  gathered  that  the  Sind  Siwaliks  afford  us  evidence  of  the  former  exist¬ 
ence  in  that  area  of  a  very  largo  assemblage  of  both  bunodont  and  selenodont 
pig-like  animals ;  a  group  wiiich  is  very  sparingly  represented  in  the  typical 
Siwahks,  and  of  which  Meryeopotcmnus  seem  to  have  been  the  last  representative, 
the  group  having  now  entirely  disappeared  from  the  living  faunas  of  the  globe. 

We  cannot  help  having  a  feeling  of  regret  that  these  interesting  animals  are 
at  present  only  known  to  us  from  the  evidence  of  isolated  teeth  or  of  a  few 
fragmentary  crania  and  bones.  The  separation  of  the  upper  and  lower  teeth 
which  generally  happens  in  Siwalik  fossils  often  renders  it  a  matter  of  extreme 
difficulty  to  refer  the  upper  and  lower  molars  to  their  respective  owners,  as 
is  exemplified  in  the  case  of  the  above-mentioned  teeth  of  Hyotlierium  and 
Anfhracothernim. 

I  am  not  sure  whether  Morycopotamus  occurs  in  Sind  or  not,  as  the  bones 
which  I  at  first  thought  belonged  to  that  genus  -which  have  been  obtained  by 
Messrs.  Blanford  and  Fedden  may  very  probably  belong  to  some  of  the  aUied 
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genera.  There  are  no  unworn  molars  from  Sind  which  I  can  refer  to  Meryco- 
potamus,  but  it  is  just  po.ssible  that  certain  much-worn  molars  may  really 
belong  to  it. 


Genus :  Sus. 

Of  this  genus  two  species,  8.  gigantem  and  8.  hysudricus,  have  already  been 
named  from  the  Siwaliks  ;  another  species  (8m  pusillus)  was  made  by  Dr.  Fal¬ 
coner  from  the  lower  jaw  of  8anithermm  schlagintweitii.  Among  Mr.  Theobald’s 
Siwalik  collection  from  the  Punjab  there  are  two  fragments  of  mandibles  of  a 
species  of  8us  which  are  so  small  that  they  cannot  possibly  have  belonged  to 
Sus  hysudricus,  which  is  the  smallest  of  the  named  species.  The  most  pei’fect 
of  the  two  specimens  is  a  part  of  the  left  ramus  of  the  mandible  containing  the 
three  true  molars  of  the  permanent  dentition,  which  prove  that  the  specimen 
belonged  to  a  fully  adult  animal.  The  teeth  of  the  species  of  the  genus  Sus  are 
so  like  one  another  in  form  that  it  is  generally  impossible  to  tell  one  species  from 
another  by  the  teeth  alone ;  except  in  the  matter  of  size  I  cannot  distinguish 
betw'een  the  teeth  of  the  small  specimen  and  those  of  8.  hysudricus,  though  the 
accessory  tubercles  in  the  outer  valleys  of  the  last  molar  seem  to  be  somewhat  larger 
in  the  former.  The  discrepancy  in  the  size  of  the  present  specimen  and  of  the  jaw 
of  8.  hysudricus  is,  however,  so  great,  that  on  this  evidence,  alone  I  have  referred 
tbe  two  specimens  in  question  to  a  new'  species,  for  which  I  propose  the  name  of 
8.  punjahiensis ;  the  species  is,  I  believe,  the  smallest  of  the  genus.  Below  I 
have  given  the  dimensions  of  the  specimen,  and  have  added  for  comparison  the 
corresponding  dimensions  of  the  smallest  specimen  of  the  lower  jaw  of  8. 
hysudricus  which  i.s  contained  in  the  collection  of  the  Indian  Museum ; — 

S.  punjabienn^.  S.  hyaudricnn. 


Jjength  of  three  true  molars  » 

.  1-46 

2-35 

,y  of  last  molar  .  .  ; 

.  0-61 

1-19 

Width  of  „  y,  .  .  i 

,  0-38 

0-65 

Length  of  penultimate  molar  . 

.  0-49 

0-70 

Width  of  „  ,,  , 

.  0-35 

0'55 

Length  of  first  molar  .  ,  ^ 

.  0-32 

O-nO 

Width  of  . 

.  0-29 

0-45 

Depth  of  jaw  at  last  molar  ; 

.  0-69 

170 

Sus  giganteus,  Falc. 

Prom  the  red  and  gray  Siwalik  sandstones  of  Niki  in  the  Punjab,  Mr.  Theobald 
has  sent  a  veiy  magnificent  cranium  of  this  species,  which  is  the  largest  and 
most  perfect  yet  obtained.  The  lower  jaw  is  attached  to  the  cranium,  and  the 
whole  of  the  dental  series  is  complete ;  in  fact,  the  only  noticeable  damage  that 
the  specimen  has  received  is  a  certain  amount  of  lateral  squeezing. 

This  cranium  was  obtained  from  the  deposit  which  I  have  already  referred  to, 
in  which  were  buried  such  a  vast  number  of  bones  in  a  small  area ;  to  the  left 
side  of  the  cranium  of  the  pig  was  attached  a  cranium  of  a  young  Mastodon, 
which  was  necessarily  somewhat  damaged  in  the  extraction  of  the  foi'mer,  while 
between  the  rami  of  the  mandible  was  fiT-mly  fixed  the  head  of  a  large  Ungulate 
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humerus,  and  other  bones  were  in  close  proximity.  1  merely  mention  these 
facts  to  shew  the  number  of  specimens  buried  in  this  one  place. 

The  cranium,  except  in  the  matter  of  its  vastly  suj)erior  size,  seems  scarcely 
to  differ  from  that  of  the  living  Indian  pig ;  the  profile  of  the  fossil  is, 
however,  rather  more  concave.  The  following  are  the  chief  dimensions  of  the 


specimen : — 

Inches. 

Length  from  supra-ocoipital  to  incisors  .....  23’00 

Interval  between  suijra-occipital  and  angle  of  mandible  .  .  .  8  00 

Width  above  orbits  .  .  .  .  .  .  .  5’40 

Length  of  molar  series  .......  6'30 

„  of  exposed  portion  of  lower  canine  .....  2'50 

„  „  „  „  incisors  ....  1'40 

Diameter  of  upper  canine  .......  1'25 

Depth  of  mandible  at  last  molar  ......  3'80 

Width  of  sjmphj’sis  of  mandible  ......  2'60 


In  addition  to  the  cranium,  Mr.  Theobald  has  also  sent  down  the  two 
median  metacarpals  of  the  left  foot  of  a  gigantic  Sms,  which  doubtless  belong  to  the 
same  species,  and  very  probably,  since  they  are  from  the  same  locality,  to  the  same 
individual ;  they  do  not  differ,  except  in  size,  from  the  metacarpals  of  the  living 
pig.  I  give  theii-  dimensions  in  order  that  they  may  be  compared  with  those  of 
the  latter;  in  the  second  column  are  given  the  dimensions  of  an  outer  metacarpal 
of  the  smaller  Siwalik  8us  hysudricus : — 


S.  gigant. 

S.  hgsud. 

Length  of  onter  metacarpal 

.  4-50 

310 

Width  of  distal  extremity  of  outer  metacarpal 

.  1-18 

0-67 

„  of  proximal  ,,  „  „ 

.  1-50 

0-85 

Length  of  inner  metacarpal 

.  4-40 

These  bones  are  about  the  size  of  the  metacarpals  of  the  living  Malay  Tapir, 
and  indicate  that  the  extinct  Indian  pig,  must  have  about  equalled  in  size  the 
foi-mer  animal. 


Genus:  Hippohyus. 

This  genus,  which  is  confined  to  the  Siwaliks,  seems  to  have  been  hitherto 
known  only  by  the  cranium  and  fragments  of  the  mandible,  figured  on  plates  70 
and  71  of  the  “  Faima  Antiqua  Sivalensis.”  Mr.  Theobald  has  collected  near 
Asnot  a  considerable  numhej'  of  specimens  of  the  cranium  and  mandible  of  this 
genus,  and  one  or  two  specimens  had  been  obtained  from  the  Punjiib  in  previous 
seasons ;  the  great  number  of  specinien.s  obtained  from  Asnot  illustrates  the 
very  local  distribution  of  many  of  the  Siwalik  mammals.  Of  the  specimens  of 
crania  and  upper  molars  recently  obtained,  some  are  slightly  larger  and  others 
slightly  smaller  than  Falconer’s  figured  specimen,  but  I  can  see  no  evidence  of 
specific  distinction,  the  gradation  from  one  to  another  being  so  regular. 

In  the  mandibles,  however,  there  is  such  a  difference  in  the  size  and  pro¬ 
portion  of  the  molars  that  I  cannot  but  think  that  there  is  evidence  of  a 
second  species  smaller  than  H.  sivalensis.  Below  I  have  compared  together  the 
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dimensions  of  a  mandible  of  H.  sivalensis  (a),  and  one  of  the  smaller  specimens 
(b)- 


Length  of  three  true  molars 

a. 

.  3  02 

b. 

2-30 

„  of  first  molar 

.  0'55 

0'45 

Width  of  „ 

.  052 

0-40 

Length  of  second  „ 

.  0  80 

0-70 

Width  of  „  „ 

.  0'75 

0-48 

Length  of  third  „ 

.  1-71 

1-20 

Width  of  „  „ 

.  o-so 

0-55 

It  will  be  seen  from  the  above  measurements  of  the  teeth  of  the  two  jaws  that 
those  of  the  smaller  jaw  are  proportionally  narrower  than  those  of  the  larger. 


BUMINANTIA. 

Camelopardalis  and  Hydaspitheritjm.' 

Among  the  large  collection  of  specimens  obtained  by  Mr.  Theobald,  during 
his  last  season’s  work  in  the  Siwaliks,  there  occur  a  considerable  number  of  both 
upper  and  lower  teeth  of  various  species  of  Giraffe-like  animals,  some  of  which 
belong  to  new  species,  and  possibly  to  new  genera,  while  othei’s  illustrate  more 
completely  the  dentition  and  affinities  of  previously  known  species. 

A  certain  amount  of  difficulty  occurs  in  referring  all  these  stjecimens  to  their 
respective  species,  since  it  is  in  several  cases  not  easy  to  say  wffiether  certain 
lower  molars  should  be  refeired  to  the  same  species  as  certain  uppier  molars :  or, 
again,  whether  certain  lower  molars  which  cannot  be  referred  to  the  same  species 
as  any  of  the  upper  molars,  should  be  referred  to  the  same  oi'  to  a  different  genus. 
It  will  therefore  be  understood  that  in  regard  to  the  lower  molars,  some  of  the 
determinations  are  only  provisional. 

The  discoveries  of  new  Giraffoid  animals  in  the  Sub-Himalayan  Siwaliks  are 
gradually  bringing  to  light  a  group  of  animals  of  whose  existence  scarcely  any¬ 
thing  is  knowm  in  other  parts  of  the  world.  At  the  present  time  there  exists  of 
this  group  only  the  one  Giraffe  of  Africa,  which  stands  out  alone  and  isolated 
from  all  other  living  Ruminants,  and  is  evidently  the  last  specialized  .survivor  of 
a  lost  group.  In  the  miocene  of  Attica  and  in  the  Siwaliks  fossil  species  of  this 
genus  occur ;  and  in  the  former  depo.sit8  there  also  occur  the  remains  of  the 
Helladotlierium,  which  is  the  only  other  European  member  of  the  group. 

In  Asia,  we  now  know  of  the  former  existence  of  at  least  four  gencr.a,  namely, 
Sivatlierium,  Bramatlieriwm,  HydaspitJ.efiHm,  and  Vislinutherimn.  Of  the  third  of 
these  genera  we  now  know  of  the  existence  of  three  species  (unlc.ss  one  belongs 
to  a  new  genus),  one  of  which  is  intermediate  in  the  form  of  the  mandible 
between  the  Sivatherium  on  the  one  hand,  and  the  Girkffe  on  the  other. 

It  is,  of  course,  much  to  be  regretted  that  some  of  the  sjiecies  to  be  noticed 
here  are  only  known  by  fragments  of  their  jaws  and  teeth,  so  that  we  can  only 


^  Originally  wrongly  named  HydaspidotJierium, 
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guess  vaguely  and  darkly  at  tke  true  affinities  of  their  owners;  even,  however,  the 
bare  knowledge  of  the  existence  of  such  highly  interesting  forms  of  older  mam¬ 
malian  life,  has  a  great  importance  in  all  schemes  for  the  classification  and  evolu¬ 
tion  of  the  most  specialized  class  of  Vertebrates. 

Many  of  the  sj)ccimens  noticed  in  the  present  paper  will  not  require  further 
illustration,  and  they  are  therefore  described  at  some  length ;  others,  again,  will 
require  figuring  and  more  minute  description  on  a  f  uture  occasion,  and  are  there¬ 
fore  only  shortly  noticed  in  the  present  paper. 

Commencing  with  the  genus  CawieZopartfaZis,  we  may  notice  that  but  few  molars 
have  hithei'to  been  found,  and  that  consequently  the  present  specimens  considerably 
enrich  our  knowledge  of  the  Indian  fossil  species.  In  the  true  upper  molars  I 
have  only  found  evidence  of  one  species,  namely,  C.  sivalmsis ;  certain  lower 
molars  and  premolars,  however,  seem  to  indicate  the  foimer  existence  of  a  second 
larger  species,  and  of  a  third  smaller  species. 

The  specimens  collected  by  Mr.  Theobald  are  the  following :  a  portion  of  a 
left  maxilla  containing  the  three  molars ;  a  portion  of  a  right  maxilla,  which 
seems  to  have  belonged  to  the  same  individual,  and  contains  the  two  last  pre¬ 
molars  and  the  two  first  molars ;  the  two  last  upper  molars  of  the  right  side  ; 
two  detached  penultimate  upper  molars ;  two  detached  upper  first  molars ;  a 
single  last  upper  promolar  of  the  right  side ;  a  portion  of  a  right  maxilla  con¬ 
taining  the  two  last  milk-molars  and  the  first  permanent  molar ;  a  fragment 
of  a  left  ramus  of  the  mandible  containing  the  two  last  permanent  molars ; 
another  fragment  containing  the  last  tooth  of  the  opposite  side,  from  beds  low  in 
the  series ;  a  firet  right  lower  molar ;  a  last  right  lower  premolar  of  large  size ; 
a  penultimate  left  lower  premolar ;  the  two  anterior  premolars  in  a  fragment  of 
the  right  ramus  of  the  mandible  belonging  to  a  larger  species  :  and  the  last  lower 
milk-molar  of  the  left  side. 

The  teeth  of  the  fossil  Siwalik  G-iraffe  hitherto  figured  and  described  are 
the  two  last  upper  molars,  the  penultimate  upper  premolar,  the  three  lower 
molars,  and  the  last  lower  premolar ;  all  the  above  specimens  were  obtained  by 
Dr.  Falconer  and  ai’e  figured  on  plate  16  of  the  “  Palceontological  Memoirs.”  In 
addition  to  the  above,  a  fragment  of  a  mandible  with  the  last  premolar  and  two 
first  molars,  obtained  by  Mr.  Theobald  from  the  Punjab,  has  been  figured  by 
myself  in  the  “  Palisontologia  Indica.”  ‘ 

In  the  present  paper  I  shall  notice  the  moj-e  important  of  the  recently- dis¬ 
covered  specimens,  gi’s  ing  the  dimensions  of  some  of  them.  As  the  majority  of 
these  specimens  do  not  differ  in  character  from  the  coiresponding  teeth  of  the 
living  Giraffe,  they  do  not  I’equiro  minute  description,  nor  will  it  be  necessary  to 
give  figures  of  them. 

The  two  most  perfect  specimens  of  the  maxilla  contain  between  them  the  five 
last  teeth ;  of  these  T  have  appended  the  measurements,  which  are  given  in  the 
first  column  (a)  of  the  following  table;  in  the  second  column  (b)  I  have  given 


»  Scr.  X.  V(a,  I,  3,  VU,  fig,  15. 


PART  1.] 


L^dekker :  Notices  oj"  Siicaiik  Jlammals. 


So 


the  measurements  of  the  corresponding  teeth  obtained  b_r  Dr.  Falconer  and  taken 
from  page  2C>2  of  the  first  volume  of  the  “  Palseontolosical  Memoirs while  in 
the  third  column  (e)  I  have  given  the  measurements  of  the  corresponding  teeth 
of  the  living  C.  girada  :  — 


h.  C. 


Length  of  two  last  mt^ars 

In. 

2-40 

In, 

2  -iO 

In. 

2'55 

,  of  last  mclar 

1-27 

120 

1-21 

Width  of  „  „ 

1-25 

1-40 

l-.» 

Length  of  p«£nn!tiinat«  molar 

1-19 

... 

l-il 

Width  of  „  „  . 

1-35 

14-5 

i-;^5 

Length  of  first  molar 

ivq 

1-10 

Width  of  „  „ 

1-10 

... 

1-20 

Length  of  last  premolar 

0-S-S 

oto 

Width  of  „  „ 

14)6 

1-10 

Length  of  pennltiaiate  premolar 

O-sO 

14)0 

IttS 

Width  of  >  „  _  . 

t>-S8 

112 

1-22 

It  will  be  seen  that  the  present  teeth  agree  very  closely  in  size  with  Falconer's 
specimens  generally,  being,  however,  slightly  smaller.  One  verv  important  differ¬ 
ence  distinguishes  the  dental  series  of  the  fossil  species  from  that  of  the  recent 
species :  in  the  former  the  last  premolar  is  both  longer  and  broader  than  the 
penultimate  premolar,  while  in  the  recent  species  the  pentdtimate  premolar  is 
both  longer  and  broader  than  the  last  premolar.  In  my  above-quoted  notice  of 
the  lower  jaw  of  the  fossil  species,  I  pointed  out  that  the  jaw  was  much  deeper  than 
that  of  the  recent  species,  and  that  the  last  premolar  was  relatively  more  elon¬ 
gated  ;  and  also  that  the  one  known  cervical  vertebra  was  shorter. 

There  are.  therefore,  many  points  of  distinction  between  the  recent  and  fossil 
forms,  thongh  the  resemblance  of  the  true  molar  series  is  very  close  in  the  two. 
At  page  '2>j2  of  the  first  volume  of  the  “  Paleontological  Memoirs. ''  Dr.  Falwner 
remarks,  that  the  penultimate  upper  premolar  of  the  fossil  species  has  three 
tubercles  at  the  inside  of  the  base,  which  do  not  occur  in  the  corresponding  tooth 
of  the  recent  species :  in  Mr.  Theobald  s  specimens  these  tubercles  are  likewise 
absent,  and  therefore  do  not  seem  to  be  of  any  specific  value ;  indeed,  this  tooth 
appears  to  be  liable  to  vary  in  the  recent  species,  as  in  a  specimen  of  a  recent 
cranium  in  the  Indian  Museum,  the  penultimate  upper  molar  is  fumishei  with 
a  distinct  cingninm  on  the  inner  side,  which  is  not  noticed  in  Owen's  "  Odont- 
cgraphy,’’  or  in  Or.  Biainville’s  figures. 

The  other  specimens  of  upper  true  molars  collected  hr  Mr.  Theobald  do  not 
require  further  notice,  as  they  are  in  no  wise  different  from  the  preceding  speci¬ 
mens.  The  specimen  of  the  m« villa  with  the  two  last  milk-molars  tas  the  first 
tooth  somewhat  injured :  this  tooth  is  narrower  in  front  than  behind,  as  is  usually 
the  case  in  Ruminants ;  the  last  milk-molar  has  a  distinct  tubercle  in  the  valley 
separating  the  inner  columns ;  in  the  permanent  molars  of  C.  si-olensis  there  is 
generaDy  no  trace  of  any  similarly-placed  tubercle,  though  some  specimens  m 
the  Indian  Museum  and  Falconer  s  original  specimens  shew  a  very  small  one ; 
in  the  recent  species  there  seems  to  be  always  a  tubercle  in  the  inner  valley  of 
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the  upper  molars.  The  dimensions  of  the  specimen  with  the  upper  milk-molars 
are  as  follow  : — 

laehes. 


Length  of  first  true  molar  ......  1-09 

Width  of  „  „  . 1.18 

Length  of  last  milk-molar  ......  0'98 

Width  of  „  „  ......  0-90 

of  penultimate  milk-molar  .....  0  70 


The  portion  of  the  left  ramus  of  a  mandible  containing  the  two  last  molars, 
in  respect  of  the  last  tooth  agrees  well  with  Falconer’s  original  specimen  of  the 
same  tooth ;  the  penultimate  molar  is,  however,  somewhat  smaller  than  the  corre¬ 
sponding  tooth  of  the  lower  jaw  figured  by  me  in  the  “  Palieontologia  Indica,” 
which  has  already  been  referred  to.  Unfoitunately  the  lower  part  of  the  mandible 
of  the  new  specimen  has  been  broken  away,  but  from  its  thickness  at  the  broken 
pai-t  it  would  appear  that  the  jaw  was  deep,  as  in  tho  figured  specimen. 

The  next  specimen,  which  contains  tho  last  molar  of  the^  right  ramus  of  the 
mandible,  ha,s  a  narrower  jaw,  and  therefore  cannot  have  belonged  to  the  same 
species  as  the  abovementioned  figured  jaw;  the  tooth  of  the  new  specimen  is  also 
somewhat  smaller  than  the  corresponding  tooth  of  Mi'.  Theobald’s  other  specimen 
of  the  mandible. 

In  the  following  table  I  have  given  the  dimen.sions  of  the  figured  jaw  in  the 
first  column  (a)  ;  in  the  .second  column  (&)  the  dimensions  of  Falconer’s  specimen 
of  the  last  molar ;  in  the  third  column  (c)  Mr.  Theobald’s  specimen  with  two 
molars ;  in  the  fourth  column  (d)  the  jaw  of  the  living  Giraffe  ;  and  in  the  fifth 
column  (e)  Mr.  Theobald’s  specimen  with  the  last  molar  only ;  I  shall  sub¬ 
sequently  refer  to  the  specimens  under  the  heads  of  the  above  letters  : — • 


Length  of  penultimate  molar 

a. 

.  1-25 

b. 

c. 

I'lO 

d. 

1-15 

e. 

Width  of 

.  I'OO 

0-90 

0-90 

Length  of  last  molar 

1-7 

1-69 

1-75 

1’40 

Width  of  „ 

10 

O'PO 

0-90 

0-75 

Depth  of  jaw  at  Inst  molar 

■  2-40 

1'65 

1-50 

Now,  if  these  measurements  are  compared  with  the  measurements  given  above 
of  the  upper  molars,  there  can  be  no  doubt  but  that  specimens  c  and  h  belong  to 
0.  sivalensis,  and  that  specimen  a,  though  slightly  larger,  also  must  probably  be 
referred  to  the  same.  Specimen  e  is.  however,  as  I  have  said,  too  small  to  have 
belonged  to  G.  sivalensis,  and  must  probably  bo  referred  to  a  new  species ;  this 
specimen,  Mr.  Theobald  tells  me,  was  obtained  far  below  the  horizon  of  the  other 
fossils,  and  therefore  its  specific  distinctness  is  the  more  probable.  The  depth  of 
the  jaw  of  this  specimen  is  absolutely  less  than  that  of  0.  giraffa,  but  is  really  pro¬ 
portionally  greater,  and  the  species,  like  0.  sivalensis,  belonged  to  a  deeper- jawed 
type  ;  thus  in  G.  giraffa  the  length  of  the  last  molar  exceeds  the  depth  of  the  jaw 
by  O'l  inch,  while  in  specimen  e  the  depth  of  the  jaw  exceeds  the  length  of  the  last 
molar  by  OT  inch. 

The  penultimate  tooth  of  specimen  o  bears  a  small  tubercle  in  the  outer  valley, 
as  is  the  case  in  the  figured  specimen  a  ;  the  last  molar,  as  in  Falconer’s  specimen 
6,  contains  no  tubercle  in  the  anterior  valley,  but  has  a  very  small  one  in  the 
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posterior  valley,  which  does  not  exist  in  Falconer’s  specimen;  in  the  living  Giraffe 
the  first  molar  has  a  tubercle. 

The  next  tooth  which  requires  notice  is  a  detached  last  lower  premolar  of  the 
right  side ;  it  agrees  precisely  in  form  with  the  corresponding  tooth  of  the  speci¬ 
men  a  (which  is  drawn  in  fig.  14,  ])lato  7,  of  the  above-quoted  volume  of  the 
“  Paleeontologia  Indica  ”),  hut  exceeds  that  tooth  in  length  by  0’37  inch,  and  is 
therefore  too  largo  to  have  belonged  to  G.  skalensis,  and  seems  to  indicate  a 
third  and  larger  species  of  Siwalik  Giraffe. 

The  detached  first  lower  molar  mentioned  in  the  list  of  specimens,  is  of  nearly 
the  same  size  as  the  corresponding  tooth  of  G.  giraffa,  and  doubtless  belonged  to 
C.  sivalensis  ;  it  carries  a  large  accessory  tubercle  in  the  outer  valley. 

The  penultimate  left  lower  premolar  which,  I  think,  may  possibly  have 
belonged  to  a  small  individual  of  G.  sivalensis  differs  somewhat  from  the  corre¬ 
sponding  tooth  of  0.  giraffa,  and  approaches  the  form  of  the  corresponding  tooth 
of  SivatJiernmh,  and  of  the  same  tooth  in  the  jaws  which  I  refer  to  Hydaspithe- 
rium.  The  hinder  barrel  of  the  tooth  is  very  like  the  same  part  in  G.  giraffa, 
with  the  exception  that  both  the  inner  and  outer  columns  are  somewhat  more 
elongated;  the  outer  column  of  the  anterior  barrel  is  also  very  similar;  the 
inner  side  of  this  barrel  is,  however,  very  different.  In  the  living  Giraffe, 
the  inner  column  of  the  anterior  barrel  is  a  simple  flattened  cone,  placed 
immediately  on  the  inner  side  of  the  outer  column,  there  being  consequently  a 
central  enamel  pit  in  this  column ;  the  anterior  extremity  of  the  outer  barrel 
curves  round  to  form  a  simple  wall  bounding  the  anterior  side  of  the  tooth.  In 
the  fos.sil  specimen,  on  the  other  hand,  there  is  no  separate  inner  column ;  the  fore- 
and-aft  extremities  of  the  outer  column  bending  round  to  the  inner  side,  and 
leaving  an  open  valley  between  them  leading  into  the  central  enamel  fold ;  the 
posterior  one  of  the  inner  columns  of  the  anterior  barrel  is  simple,  while  the 
anterior  one  forms  a  large  cone,  with  a  central  enamel  island.  The  crown  of  the 
tooth  is  low  (brachydont),  and  shews  that  the  tooth  belonged  to  the  true  Giraffes 
and  not  to  the  Sivatherioids,  in  which  the  crowns  are  tall  (hypsodont).  The 
general  aiTangement  of  the  anterior  barrel  is  very  similar  to  that  which  occurs 
in  Sivatherkim,  and  in  the  jaw  which  I  have  referred  below  to  Hydaspitherium ;  in 
the  two  latter  genera,  however,  the  antero-internal  column  of  the  tooth  has  its 
enamel  fold  forming  a  cleft  on  the  inner  side,  and  not  a  median  pit. 

The  dimensions  of  this  tooth  are  compared  below  vrith  the  corresponding  tooth 
of  G.  giraffa,  and  I  have  also  added  the  measurements  of  the  penultimate  lower 
molars  of  G.  sivalensis  and  G.  giraffa,  for  relative  comparisons ; — 


Length  of  penultimate  premolar 
Width  of  „  „ 

Height  of  crown  of  penultimate  premolar 
Length  of  penultimate  molar  . 

Width  of  „  „  . 


C,  siv. 

C.  giraf 

Inches. 

Inches. 

110 

0-95 

O 

6 

0-86 

0-62 

085 

1-10 

115 

090 

0-99 

It  will  be  observed  from  the  above  measurements  that  the  present  premolar  is 
relatively  longer  than  in  the  living  Giraffe ;  in  the  latter  the  penultimate  lower 
premolar  is  considerably  shorter  than  the  penultimate  true  molar ;  while  in  C. 
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sivalensis  the  two  teeth  are  of  the  same  length ;  moreover,  from  the  width  of  the 
premolar,  it  seems  probable  that  that  tooth  belonged  to  a  smaller  individual  than 
that  to  which  the  true  molar  belonged ;  and  it  therefore  follows  that  the  penulti¬ 
mate  premolar  was  probably  longer  than  the  penultimate  molar. 

The  above-mentioned  specimen  is,  as  I  have  said,  rather  small  for  C.  sival&n- 
sis,  and  yet,  I  think,  it  may  probably  have  belonged  to  a  small  individual  of  that 
species.  The  next  specimen  to  be  noticed  consists  of  the  corresponding  tooth  of 
the  left  side,  together  with  the  anterior  premolar.  There  is  considerable  differ¬ 
ence  between  the  size  of  these  teeth  and  that  of  the  last,  and  yet  I  should  not  have 
thought  from  this  alone  that  we  ought  to  refer  the  present  specimens  to  a  dis¬ 
tinct  species  ;  another  character,  however,  to  be  shortly  noticed,  shews  us  that  this 
must  have  been  the  case. 

The  hindmost  of  these  teeth  is  almost  identical  in  form  with  the  last  specimen, 
the  only  difference  being  that  the  antero-internal  column  has  its  enamel  fold 
forming  a  cleft  on  the  inner  side,  as  in  Sivatherium,  and  not  a  central  pit,  as  in  the 
last  specimen.  Such  a  variation  in  a  tooth  so  liable  to  vary  as  an  anterior  pre¬ 
molar  cannot  be  taken  as  having  any  great  specific  value. 

The  first  premolar  is  a  simple  tooth  consisting  of  two  main  columns  in  the 
same  antero-posterior  line,  and  a  smaller  talon-column  in  front.  In  the  recent 
Giraffe  there  is  no  anterior  talon-column;  but  a  small  one  occurs  in  Sivatherium. 
Below  I  have  given  the  dimensions  of  this  specimen,  together  with  the  dimen¬ 
sions  of  the  last  premolar  and  two  firet  molars  of  the  lower  jaw  of  G.  sivalensis, 
described  by  me  in  the  volume  of  the  “  Palseontologia  Indica  ”  above  referred  to 
(p.  41),  as  being  the  largest  specimen  known ;  in  the  second  column  I  have  added 
the  corresponding  dimensions  of  the  living  species  :  — 


Length  of  second  molar 
Width  of  „  „ 

Length  of  iirst  molar  . 

Width  of  „  „  . 

Length  of  last  premolar 
Width  of  „  „  . 

Length  of  penultimate  premolar 
Width  of 

Height  of  „  ,, 

Length  of  first  premolar 
Width  of  „ 

Depth  of  jaw  at  first  preraolar 


Fosdl. 

C.  qiraf. 

Inches. 

1  nchea. 

1*25 

115 

1*00 

0-90 

L30 

1-00 

1-00 

0-90 

1-15 

0-90 

0-90 

0-80 

1-40 

0-95 

0-Sl 

0-86 

0-75 

0-85 

0-96 

0’70 

0-51 

0-55 

1-20 

1-70 

From  the  above  measurements  it  will  be  seen  that  the  present  teeth  are  not 
too  wide  to  have  belonged  to  G.  sivalensis ;  one  very  important  point,  however, 
is  against  the  present  specimen  belonging  to  that  species.  It  will  be  seen  from 
my  previously  mentioned  notice  of  the  lower  jaw  of  G.  sivalensis  that  at  the  second 
molar  that  specimen  was  three-quarters  of  an  inch  deeper  than  the  jaw  of 
0.  giraffa,  while  the  present  specimen  at  the  penultimate  prcmolar  is  half  an  inch 
leas  deep ;  this,  thei-efore,  pretty  conclusively  proves  that  the  present  specimen 
could  not  have  belonged  to  G.  sivalensis,  but  to  a  second  species  with  a  mandible 
even  more  slender  than  that  of  the  living  species  ;  the  specimens  are  too  large  to 
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have  belonged  to  the  same  species  as  the  small  specimen  I  noticed  above ;  but 
they  might  have  belonged  to  the  same  species  as  the  one  that  has  the  large 
detached  lower  premolar ;  this,  however,  we  cannot  be  sm’C  of  until  we  know  the 
form  of  the  jaw  to  which  the  latter  belonged. 

Reverting  once  more  to  the  premolars,  it  may  be  r'emembered  that  in  the  above- 
mentioned  notice  in  the  “Palseontologia  Indica,”  I  called  attention  to  the  less 
generalized  form  of  the  ultimate  lower  premolar  of  0.  sivalensis,  and  I  have  now 
to  add  (irrespective  of  the  question  of  species)  that  this  lengthening  of  the  pre- 
molars  was  common  to  the  whole  series  in  all  the  fossil  Siwalik  Giraffes  as  far 
as  we  know ;  moreover,  in  their  form  the  two  anterior  teeth  in  qirestion  approach 
those  of  Sivatlierinm,  and  its  allies,  shewing  a  closer  connection  between  the  two 
genera.  The  brachydont  form  of  the  teeth  under  consideration  shews  that  they 
belong  to  the  true  Giraffes.  I  shall  hope  to  obtain  further  specimens  to  indicate 
the  affinity  of  the  new,  slender-jawcd  form,  and  do  not  therefore  assign  any  name 
to  the  species  at  present. 

Whether  any  of  the  lower  premolars  in  question  belonged  to  Camelopardalis 
sivalensis,  or  whether  they  belonged  to  some  other  nearly  allied  animal,  is  in  great 
part  immaterial  to  the  real  interest  of  the  specimens,  which  conclusively  prove 
that  there  existed  at  least  one  species  of  Giraffe  in  the  Siwalik  period,  of  which 
the  lower  premolars  manifested  affinity  with  the  Sivatlieriwm-liikst  animals,  while 
in  the  slenderness  of  its  lower  jaw,  and  in  the  brachydont  character  of  its  teeth, 
it  was  most  nearly  related  to  the  living  Giraffe.  We  have  also  seen  that  there 
appears  to  be  good  evidence  of  three  Siwalik  species  of  Giraffes,  one  very  large, 
one  of  the  size  of  the  living  species,  and  one  much  smaller ;  other  specimens  are 
much  needed  to  throw  further  light  on  the  first  and  second  species. 

The  only  tooth  requiring  notice  here,  which  belongs  in  all  probability  to 
Camelopardalis  sivalensis,  is  a  third  lower  milk-molar ;  this  tooth  belongs  to  the 
right  ramus  of  the  mandible ;  it  is  a  three-barreled  tooth,  each  barrel  containing 
two  columns,  and  the  anterior  barrel  being  the  smallest  of  the  three ;  these  two 
latter  characters  serve  to  distinguish  the  tooth  from  the  third  lower  trire  molar,  in 
which  the  hinder  barrel  consists  only  of  one  column,  and  is  consequently  the 
smallest  of  the  three ;  the  general  form  of  the  barrels  is  very  similar  to  those  of 
the  permanent  molars,  the  smaller  size  being  the  chief  distinction ;  both  of  the 
valleys  on  the  external  side  contain  accessory  tubercles.  The  length  of  the 
tooth  is  1'2  inch,  and  its  width  0'6  inch ;  I  may  observe  here  that  this  tooth  is 
somewhat  longer  and  narrower  than  the  penultimate  permanent  lower  molar,  and 
also  exceeds  the  length  of  the  penultimate  upper  molar  in  the  smaller  specimen 
noticed  above,  by  the  same  extent  as  it  does  the  lower  molar.  This  is  about  the 
proportion  that  occurs  in  living  Ruminants,  and  is  noticed  here,  as  being  of  im¬ 
portance  in  referring  certain  teeth  to  be  described  immediately  to  their  proper 
owners. 

In  addition  to  all  the  above-mentioned  teeth,  there  is  an  antepenultimate  lower 
premolar  of  large  size,  which  belongs  to  some  Giraffe-like  animal,  but  not  to  the 
same  species  or  perhaps  genus  as  any  of  the  other  teeth ;  the  tooth  is  upwards  of 
an  inch  and  a  quarter  in  length,  which  is  longer  than  the  corresponding  teeth  of 
the  large  jaw  referred  below  to  Hydaspithei-ium,  and  which,  therefore,  belonged 
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to  a  very  large  animal.  Tlie  tooth  is  brachydont,  and  the  enamel  is  less  rugose 
than  in  any  of  the  Sivatherioids,  and  I  therefore  refer  it  to  the  Giraffes.  The 
tooth  posteriorly  has  a  simple  oval-shaped  pit  on  its  summit  equal  to  about  one- 
thii'd  the  whole  length ;  anteriorly  it  has  a  simple  trenchant  edge ;  it  is  therefore 
different  in  form  from  the  corresponding  tooth  of  either  the  Giraffes  or  Sivathe¬ 
rioids,  and  probably  indicates  a  now  genus,  though  I  can  at  present  say  nothing 
more  definite  in  regard  to  it. 

We  have  now  to  turn  our  attention  to  the  genus  Hydaspitlierium,  of  the  upper 
molars  of  which  Mr.  Theobald  has  sent  a  considerable  number  of  specimens  from 
the  Punjab.  In  a  forthcoming  memoir  on  the  cranium  of  H.  megacepJialnm  now  in 
the  press,  ^  I  have  shortly  noticed  the  upper  teeth  of  that  species,  as  well  as  a  single 
detached  specimen  of  an  upper  molar,  and  I  have  also  pointed  out  the  characters 
which  distinguished  these  teeth  from  the  molars  of  Sivathermm.  The  new  speci¬ 
mens  of  upper  molars  have  conclusively  proved  the  existence  of  at  least  one  new 
species,  while  another  species  is  known  upon  the  evidence  of  a  lower  jaw. 

The  notices  of  the  specimens  of  this  genus  will  be  somewhat  short,  ns  many  of 
them  will  be  figured  on  a  future  occasion. 

The  first  specimen  that  requires  notice  is  a  detached  left  upper  molar  which 
is  a  typical  specimen ;  this  tooth  is  distinguished  from  that  of  Swatliervum  gigan- 
tewm  by  its  smaller  size,  by  the  rugosity  of  the  enamel  being  less  coarse,  by  the 
absence  of  foldings  in  the  central  enamel  island,  and  by  the  form  of  the  external 
surface  or  dorsum.  This  latter  character  it  will  bo  necessary  to  examine  rather 
more  closely.  In  the  upper  molars  of  Sivatlierium,  the  dorsum  of  the  hinder  barrel 
carries  three  bold  ridges  or  cost®,  of  nearly  equal  size ;  the  dorsum  of  the  fore 
bari’el  contains  two  similarly  bold  ridges  or  cost®.  In  typical  specimens  of  the 
upper  molars  of  Hydaspitheriwm,  megaceplialuim,  the  mesial  ridges  or  cost®  are 
very  much  less  prominent ;  the  one  on  the  hind  lobe  being  especially  indistinct. 

Among  the  specimens  obtained  this  year  are  the  two  last  upper  molars  of  the 
right  side,  which  agree  exactly  in  size  with  the  last-mentioned  tooth ;  in  these 
specimens  the  cost®  are  still  more  indistinct  on  the  dorsa  of  the  hinder  lobes, 
this  surface  being  indeed  almost  evenly  concave,  and  exceedingly  different  from 
the  same  surface  in  the  molars  of  Sivrdliemm.  Still,  the  difference  in  the  form 
of  these  teeth  and  of  the  typical  molars  of  H.  megaceflialum  is  so  slight  that  1 
for  the  present,  at  all  events,  consider  it  best  to  refer  these  molars  to  that  species, 
classing  them  only  as  a  variety.  In  the  table  below  I  have  given  the  measure¬ 
ments  of  the  single  typical  tooth  which  I  call  variety  a,  and  in  the  second  column 
those  of  the  two  aberrant  teeth  which  I  call  variety  I ;  in  the  third  column  I  have 
given  the  dimensions  of  the  two  last  molars  of  S.  giganteum — 

llydasp. 


var,  a. 

var.  i 

Sivath. 

lu. 

In. 

In. 

Length  of  last  molar 

1-56 

1-62 

2-00 

Width  of  „  „ 

1-60 

1-63 

2-38 

Length  of  penultimate  molar  . 

•  >4. 

1-59 

1-68 

Width  of  „  „ 

• 

1-70 

2-20 

Height  of  „  ,, 

•  »»• 

1'20 

... 
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The  two  conjoined  teeth  shew  a  faint  cingulum  at  the  base  of  the  inner 
columns,  which  is  not  observable  in  the  isolated  tooth  or  in  the  teeth  of  the  cranium 
of  H.  megacephaluni.  We  have  now  to  consider  several  other  specimens  of 
upper  teeth,  which  have  eonsidei'ablc  resemblance  to  the  two  last  specimens,  but 
which  arc  of  larger  size,  and  which  still  further  diverge  from  the  Simtheriwn  type, 
and  which  must,  I  think,  undoubtedly  bo  referred  to  a  second  species  of  the  genus 
Ilydaspitherimn,  for  which  I  propose  the  name  of  H.  grande.  The  specimen 
which  I  will  h*re  select  for  notice  is  a  penultimate  upper  molar  of  the  loft  side 
from  the  Punjab.  This  tooth  agrees  with  the  teeth  of  the  last  specimen  in  its 
general  form,  the  dorsum  of  the  posterior  barrel  overlapping  that  of  the  anterior 
column  (owing  to  the  oblique  position  in  which  they  arc  placed),  and  the  enamel 
being  rugose,  though  less  so  than  in  Swathenwni,  and  there  being  no  crenulation  of 
the  enamel  in  the  central  pits. 

The  chief  differences  of  this  tooth  from  those  of  variety  I  of  the  last  species, 
irrespective  of  size,  are,  that  the  crown  is  relatively  much  higher;  that  the  anterior 
costa  of  the  dorsum  of  the  hinder  lobe  is  more  prominent  and  curves  more  forwards, 
and  that  there  is  no  median  costa  on  this  surface,  which  is  more  concave  than  in 
the  last  specimen  ;  the  median  costa  on  the  dorsum  of  the  fore  lobe  is  also 
much  less  developed ;  there  is  no  trace  of  any  cingulum  on  the  internal  surface  of 
this  tooth,  nor  of  any  tubercle  in  the  median  valley;  the  summits  of  the  lobes  have 
hardly  been  touched  by  wear.  The  dimensions  of  this  specimen  arc  compared 
below  with  the  above  described  penultimate  upper  molar  of  variety  h  of 
II.  megacephalum — 


H  grande. 

E.  mega. 

Length  of  crown 

In. 

In. 

1-80 

1-59 

Width  of  „ 

1-80 

1-70 

Height  of  „ 

1-60 

1-20 

This  tooth,  therefore,  is  squarer  than  that  of  II.  megacepliahi-m,  and,  differing 
by  only  OT  inch  in  width,  differs  by  0'4  in  the  height  of  the  crown.  These  differ¬ 
ences,  I  think,  amply  justify  specific  distinction  ;  these  teeth  from  the  absence  or 
slight  development  of  the  median  dorsal  costaa  present  no  resemblance  to  those 
of  either  Sivatliermm  or  Braniatherium.  They  arc  nearest,  of  course,  to  the  variety 
h  of  Hydasgntliermm  mogaceplMhmi,  the  latter  forming  a  connection  between  the  pre¬ 
sent  specimen  and  var.  a  of  H.  megacepltalum,  and  those  again  with  SivatJierium,. 
As  I  have  before  hinted,  it  is  not  impossible  that  the  teeth  of  variety  I  of  H. 
megacephalum  may  really  belong  to  a  distinct  species,  though  I  do  not  think  wo 
are  justified  in  making  any  distinction  on  the  evidence  of  these  teeth  alone,  as 
they  are  so  close  to  those  of  variety  a. 

In  addition  to  the  above  specimens,  Mr.  Theobald  has  obtained  three  detached 
upper  molars  of  the  same  species  from  the  village  of  Asnot,  as  well  as  the  two 
last  upper  milk-molars  of  the  right  side,  and  two  detached  specimens  of  penultimate 
upper  milk-molars  of  the  same  side,  which  from  their  size  and  foiun  I  have  little 
doubt  must  bo  referred  to  II.  gra/nde.  The  ultimate  milk-molar  repeats  the 
characters  on  a  smaller  scale  of  the  larger  permanent  teeth ;  the  penultimate  milk- 
molar  has  the  first  barrel  produced  into  a.  point  anteriorly-,  which  proves  that  the 
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two 

teeth  belong  to  the  milk  series.  The  dimensions  of  the 

two  teeth  are  as 

follows ; — 

In. 

Length  of  last  milk -molar  ..... 

1-50 

Width  of  . 

1-30 

Length  of  penultimate  milk-molar  .... 

1-52 

Width  of  „  „  .... 

100 

Having  now  examined  all  the  types  of  upper  molars  of  this  group  of  ani¬ 
mals  contained  in  Mr.  Theobald’s  collection,  it  now  remains  to  consider  two  lower 
jaws  of  two  species  of  Sivatherioid  animals,  which  cannot  be  referred  to  SivatTiermm 
giganteum  ;  both  specimens  are  from  the  Siwaliks  of  the  Punjab. 

The  first  specimen  consists  of  the  greater  portion  of  the  right  ramus,  the 
only  missing  parts  being  the  extremity  of  the  coronoid  process,  and  the  part  in 
front  of  the  first  premolar ;  the  whole  of  the  dental  series  is  complete  and  but 
little  worn. 

I  shall  here  notice  this  specimen  veiy  shortly,  as  I  shall  figure  it  on  a  subse¬ 
quent  occasion.  The  ascending  portion  of  the  ramus  has  its  anterior  border 
almost  at  right  angles  to  the  axis  of  the  horizontal  portion,  which  distinguishes 
the  jaw  from  that  of  Gmielopardalis  (the  corresponding  part  of  the  jaw  of 
6' i«at7ien«m  is  unknown).  The  horizontal  portion  is  slender  and  bows  outwards 
to  a  great  extent  in  the  middle,  so  that  the  part  immediately  below  the  hinder 
barrel  of  the  first  molar  is  by  far  the  most  prominent  point  in  the  whole  of  this 
side  of  the  jaw.  The  two  latter  characters  at  once  distinguish  the  specimen  from 
the  mandible  of  Sivatlterimn,  which  is  very  deep,  and  which  is  slightly  concave 
externally. 

The  teeth  are  distinguished  from  those  of  Swailiermm  by  the  eostre  on  the 
internal  surfaces,  and  especially  those  of  the  hinder  barrel,  being  much  less  pro¬ 
minent  and  bold ;  and  by  the  reticulations  of  the  enamel  being  finer,  as  well  as 
by  the  greater  obliquity  of  their  dorsa  to  their  long  axes ;  in  SivatJierium  a  rod 
placed  on  the  last  molar  will  touch  both  median  costfe,  while  in  this  specimen  it 
will  touch  tho  median  costa  of  the  second  barrel,  and  the  posterior  costa  only  of 
the  first  barrel. 

The  premolars  are  very  like  those  of  the  fragment  of  a  jaw  referred  above  to 
Oamelopanlalis,  but  are  much  larger,  and  relatively  higher,  and  the  enamel  is  more 
rugose.  In  the  following  table  I  have  given  tho  dimensions  of  this  specimen,  of 
the  mandible  of  Camelopardalis,  and  of  SivatJierium ;  tho  latter  dimensions  are 
taken  from  a  cast  of  tho  specimen  figured  on  plate  twenty-one  of  the  first  volume  of 
the  “  Pala3ontological  Memoirs,”  the  original  of  which  is  in  tho  British  Museum  : — 


Length  of  sis  molars  .  .  .  .  ♦ 

Camelo. 

6-50 

Speeimen. 

10-30 

Siva, 

„  four  last  te(“tli  .... 

4'10 

7-70 

9-00 

,j  from  angle  of  jaw  to  distal  end  of  molar  series 

lO’SO 

14-50 

• . . 

Heiglit  fi'om  angle  to  summit  of  condyle 

6-80 

7-50 

... 

Depth  at  middle  barrel  of  last  molar  . 

1'70 

3-30 

4-70 

,,  at  hind  barrel  of  first  molar 

1-75 

2-52 

3-45 

„  at  second  prcmolar  .... 

1-55 

2-40 

3-00 

Thickness  at  Hrst  molar  .... 

1-00 

1-95 

215 

Height  of  unworn  last  molar  .... 

1-70 

... 
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The  jaw  of  Swatheriimi  referred  to  is  probably  that  of  a  male,  other  specimens 
being  slightly  smaller ;  the  smaller  or  female  specimens,  however,  have  the  same 
form  and  proportions  as  the  larger.  From  the  above  measurements  and  com¬ 
parisons  there  can  be  no  question  as  to  the  distinctness  of  the  specimen  from 
SivatJierinm. 

The  teeth  are  readily  distinguished  from  those  of  Bramatherium  by  their  larger 
size  and  greater  proportionate  height ;  and  from  those  of  Vishmthermm  by  the 
absence  of  any  cingulum  or  accessory  tubercle,  as  well  as  by  their  much  greater 
size. 

There  now  only  remains  the  genus  Hydasintliervmn  of  described  genera  to 
which  the  specimen  can  belong ;  and  from  the  slight  development  of  the  costas  | 

on  the  dorsa  of  the  upper  molars  of  that  genus,  and  of  the  lower  molars  of  the  j 

present  specimen,  I  think  it  probable  that  the  latter  should  be  referred  to  that  j 

genus.  I 

With  regard  to  the  question  of  species :  the  above-referred  to  cranium  of  i 

H.  mecjacephalum  is,  from  the  fact  of  its  bearing  horns,  no  doubt  that  of  a  male  j 

individual  (the  female  of  the  allied  genus  Sivatherhmi  being  hornless)  ;  now,  in  ) 

that  specimen  the  length  of  the  last  five  teeth  of  the  molar  series  is  only  6T  ? 

inches,  while  the  length  of  the  last  five  teeth  in  the  present  specimen  is  9'2  \ 

inches ;  this  clearly  shews  that  the  specimen  could  not  have  belonged  to  that  i 

species.  j 

Then  with  regard  to  S.  grande  :  this,  as  wo  have  seen,  is  only  known  from  upper  j 

molar  teeth,  and  there  is  therefore  great  difficulty  in  saying  whether  or  no  this  i 

specimen  belongs  to  that  species  ;  another  mandible,  however,  to  be  noticed  imme¬ 
diately  in  the  character  of  its  lower  molars,  approaches  nearer  to  the  upper  molars 
of  S.  grande,  and  I  have  accordingly  provisionally  referred  the  second  specimen 
to  that  species.  The  present  specimen  must  therefore  belong  to  a  third  species,  for 
which  I  jiropose  the  name  of  M.  leptognatlius,  with  the  proviso  that  subsequent  { 

discoveries  may  render  it  necessary  to  change  the  generic  prefix.  | 

The  present  specimen  indicates  the  existence  of  a  slender-jawcd  Sivatherioid,  | 

which  in  the  form  of  its  jaw  is  a  connecting  link  between  the  stout- jawed  Siva-  j! 

tlberium  gigantewm  and  Camelopardalis  sivalensis,  in  which  the  jaw  is  stoutei-  I 

than  in  the  living  GlirafCe.  The  perpendicular  inner  border  of  the  ascending  | 

portion  of  the  present  jaw  is  quite  peculiar,  as  far  as  is  yet  known.  |i 

We  have  now  to  consider  the  poi-tion  of  a  mandible  which,  I  think,  may  very  | 

probably  belong  to  Hydaspitlierium  grande;  this  specimen  comprises  a  portion  of  j! 

the  left  ramus  of  the  mandible  containing  the  three  true  molars  and  the  last  | 

premolar ;  tlie  jaw  is  broken  off  jjosteriorly  immediately  behind  the  last  molar,  ! 

and  anteriorly  some  distance  in  front  of  the  premolar ;  the  teeth  are  only  slightly  | 

abraded  by  wear. 

This  mandible  differs  from  the  last  specimen  by  being  much  deeper,  and  by  | 

being  slightly  concave  instead  of  convex  on  the  outer  surface ;  in  both  of  these 
respects  it  approaches  to  the  jaw  of  Sivatlierium  giganteum.  The  form  of  the  I 

teeth,  however’,  at  once  distinguishes  the  specimen  from  the  last-named  genus,  and  % 

also  from  II.  leptognatlius.  The  dorsa,  or  internal  surfaces,  of  the  teeth  are  placed  | 

still  more  obliquely  to  the  long  axis  of  the  jaw  than  in  T[.  leptognatlius ;  and  the  fj 

f! 
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median  costfc  arc  still  less  developed,  those  of  the  hinder  barrels  being  indeed 
almost  obliterated ;  if  a  rod  be  laid  on  the  dorsa  of  the  barrels  of  the  last  molar, 
it  only  touches  the  posterior  costsc  of  the  barrels,  and  not  the  median  costa  of  either 
barrel,  -which  shews  that  the  form  of  the  tooth  is  still  further  removed  from  that 
of  the  teeth  of  Sivatherium  than  are  the  teeth  of  H.  leytognatlvus.  Perhaps  the 
most  distinguishing  character  of  the  specimen  is  the  form  of  the  dorsum  of  the 
anterior  barrel  of  the  last  premolar ;  this  sui'face  is  fan-shaped,  naiTower  below 
than  above,  and  nearly  flat,  the  median  costa  being  very  slight,  and  the  anterior 
costa  forming  a  curved  boundary  to  the  dorsum.  In  the  corresponding  tooth  of 
Slvatlierimn  the  median  dorsal  costa  is  very  large,  and  is  the  most  prominent  part 
of  the  whole  surface,  while  at  the  same  time  the  tooth  of  Simathormm  is  less  fan- 
shaped.  The  corresponding  tooth  of  Rgdasyitheriwm  leiitognatlms  is  absolutely 
taller  and  narrower  than  the  present  sirecimen,  wliich  alone  would  be  a  sufficient 
distinction.  I  have  given  below  the  dimensions  of  the  last  lower  premolars  of 
the  three  lower  jaws ;  the  tooth  of  8.  giganteimn  is  rather  more  worn  down  than 
the  others,  and  therefore  is  proportionally  somewhat  squarer — 


Siv. 

H.  lepto. 

J£.  grande. 

In. 

In, 

In. 

Widtli  of  dorsum  of  last  premolar 

1-40 

1-05 

1-3 

Height  of  „  „  ... 

1*72 

1*60 

1-4 

The  other  dimensions  of  the  specimen  arc  as  follows 

; - 

Leu  gill  of  four  last  teeth  .... 

7-7 

Depth  at  middle  barrel  of  last  molar 

3-7 

„  at  hind  baiTcl  of  first  molar 

, 

3'7 

Prom  the  above  comparisons,  it  is  quite  evident  that  the  sjsccimcn  cannot 
belong  to  Sivathorinm  or  to  11.  leptognathus  ;  the  size  of  the  S25ecimen,  ajiart  from 
other  characters,  distinguishes  it  from  Bramathermm  and  Vislimdlianivm.  The 
specimen,  being  as  large  as  the  jaw  of  II.  leptogmdlais,  for  the  same  reasons  .can¬ 
not  belong  to  II.  megaceplial'um. 

There  only  remains  therefore  JZ.  grande  to  which  the  specimen  can  belong ; 
now,  in  the  flatness  of  the  dorsa  of  the  molars  of  the  qiresent  specimen,  as  well 
from  their  obliquity  to  the  long  axis  of  the  jaw,  these  teeth  agree  with  the  upper 
molars  referred  to  above  as  foiming  the  now  species  II.  grande;  the  size  of  the 
upper  and  lower  molars  also  agrees  well  together,  and  I  have  accordingly  thought 
it  extremely  probable  that  the  two  belong  to  the  same  animal.  I  •wi.sh  it,  however, 
to  be  understood  that  I  cannot  bo  certain  in  this  identification,  and  that  it  may 
subsequently  bo  necessary  to  refer  the  lower  jaw  to  a  new  species  or  even  to  a 
now  gomrs. 

The  animal  to  which  this  jaw  belonged  was  doubtless  of  the  massive  typo 
of  Sirathcrimn,  and  therefore  widely  distinguished  from  the  slcnder-jawed  II. 
Icplognathus  and  the  true  Griralfos  ;  in  the  form  of  its  teeth  the  animal  was  nearer 
to  the  former  sjiecios,  though  it  diverged  still  more  widely  in  the  form  of  the 
inner  smfaccs  of  the  molars  from  Sivathermm  and  the  Giraffes. 

The  only  other  specimen  among  the  collection  of  teeth  of  Sivathcrioid  and 
GiT'alToid  animals  is  a  last  tower  milk-molar  of  the  left  side;  this  specimen  I 
cannot  witli  any  coTitidence  refer  to  any  particular  species,  and  I  here  merely 
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desire  to  call  attention  to  it.  The  specimen  in  question  is  far  larger  than  the 
lower  milk-molar  which  I  have  referred  to  Oamelo;paa-dalis  sivalensis  and  cannot 
belong  to  that  species ;  it  also  difEers  very  considerably  in  form  from  that  speci¬ 
men,  from  which  I  think  that  it  docs  not  belong  to  that  genus. 

The  tooth  is  composed  of  three  complete  barrels,  the  hindmost  of  which  is 
the  largest :  these  two  characters  assure  us  that  the  specimen  is  a  last  milk-molar, 
and  not  a  last  true  molar.  The  outer  columns  of  the  barrels  arc  set  very 
obliquely  to  the  long  axis  of  the  jaw,  and  the  median  costa  on  the  one  perfect 
dorsum  is  slightly  developed ;  in  these  respects  the  tooth  differs  from  the  true 
molars  of  Camelopardalis  and  agrees  with  those  of  Hydasptitliermm.  Bach  of 
the  valleys  on  the  outer  side  contains  a  large  and  pointed  tubercle  reaching  to 
half  the  height  of  the  crown.  The  length  of  the  specimen  is  1'9  inch  and  its 
greatest  width  0'94  inch. 

The  tooth  is  slightly  longer  than  either  of  the  two  anterior  molars  of  II. 
leptognathus,  which  is  the  same  relation  as  exists  between  the  cori’esponding 
teeth  of  Camelopardalis  simalensis  and  ordinary  Ruminants :  and  I  think  it 
extremely  probable  that  it  should  be  referred  to  the  former  species ;  it  is  tino 
that  the  permanent  molars  of  II.  leptognathus  have  no  accessory  columns  like  the 
milk-molar  in  question,  but  it  not  nnfrequently  happens  that  the  lacteal  series 
does  differ  from  the  peimanent  series  in  cci’tain  points  of  detail,  such  differences 
generally  consisting  in  that  the  lacteal  molars  retain  ancestral  characters  which 
have  been  lost  in  the  permanent  series. 

Among  the  whole  of  the  specimens  sent  down  by  Mr.  Theobald  from  the 
Siwaliks  of  the  Western  Punjab,  I  cannot  find  any  remains  which  I  can  with 
certainty  refer  to  Sivafherivm  gigmiteum,  and  it  is  not  improbable  that  the  range 
of  that  animal  did  not  extend  into  the  area  in  question,  where  it  was  replaced 
by  the  allied  genera ;  no  species  of  this  group  have  hitherto  been  found  in  Sind. 
Among  Mr.  Theobald’s  collection  there  are  a  considerable  number  of  the  limb 
bones  of  various  Sivatherioid  animals,  which  are  generally  smaller  than  those  of 
8.  giganteum,  and  which  most  probably  belonged  to  some  of  the  above  described 
smaller  species.  I  have  not  yet  had  time  to  examine  those  bones  in  any  detail. 

PBBISSOBACTYLA. 

Genus :  Rhinoceros. 

During  the  present  and  past  year  the  Indian  Museum  has  acquired  a  large 
series  of  specimens  of  the  osteology  and  dentition  of  the  fossil  species  of  this 
genus,  which  have  been  obtained  by  the  exertions  of  Mr.  Theobald  in  the 
Siwaliks  of  the  Punjab,  and  most  especially  from  the  highly  fosailiferous  beds 
of  the  village  of  Asnot  in  the  Jhelam  district. 

Among  these  specimens  are  the  complete  adult  molar  series  of  Bhinoceros 
sivalensis,  the  upper  milk  dentition  of  B.  palceindims,  and  a  complete  ramus 
of  the  mandible  with  the  symphysis  of  the  same  species,  and,  most  important  of 
all,  a  large  series  of  the  upper  and  lower  dentition  of  the  new  species  B.  plawi- 
dens,  which  appears  to  be  confined  to  the  Punjab.  No  specimens  of  B.  plntg- 
rhinus  occur  either  in  the  present  or  in  previous  collections  from  the  Punjifb, 
and  it  is  not  improbable  that  this  species  did  not  occur  in  that  area. 
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In  the  present  notice  I  shall  only  refer  to  certain  upper  teeth  of  H.  planidens, 
which  are  far  more  perfect  than  the  specimens  of  njiper  molars  described  at 
page  23  of  “Molar  Teeth  and  Other  Remains  of  Mammalia,” and  upon  the 
evidence  of  which  the  species  was  founded ;  and  also  to  a  portion  of  the  lower 
jaw  of  the  same  species.  The  new  specimens  incontestably  prove  the  distinctness 
of  the  species. 

Of  the  two  specimens  of  upper  molars  which  I  have  selected  for  notice  here, 
one  is  the  penultimate  tooth,  and  the  other  the  last  tooth,  of  the  right  side. 
Both  teeth  are  quite  complete  and  in  a  middle  state  of  wear ;  they  are  of  such 
a  size  that  by  this  character  alone  they  might  be  well  distinguished  from  H. 
sivalensis,  which  is  the  only  one  of  the  Siwalik  species  of  Bhinoceros  with  which 
they  have  any  affinity. 

Both  of  the  original  specimens  on  which  the  species  was  founded  lacked  the 
external  surface  of  the  crown,  the  form  of  which  has  been  therefore  hitherto 
unknown.  In  the  present  specimens  wo  find  that  the  dorsum  or  external  sur¬ 
face  is  produced  into  a  bold  buttress  at  its  antero-external  angle,  and  that  the 
rest  of  that  surface  is  nearly  flat ;  the  presence  of  this  buttress  alone  is  sufficient 
to  distingnish  these  teeth  from  those  of  B.  platyrhm'us. 

The  other  characters  of  the  penultimate  tooth  are  similar  to  those  of  the 
previously-acquired  specimens,  and  need  no  further  notice  here.  The  last  tooth, 
allowing  of  course  for  its  different  form,  agrees  in  general  characters  with  the 
previous  specimen ;  it  is  readily  distinguished  from  the  corresjDonding  tooth  of 
B.  sivalensis  by  its  vastly  superior  size,  and  by  having  a  very  wfide  cingulum 
surrounding  the  outer  and  inner  sides  of  the  anterior  collis,  and  which  is  con¬ 
tinued  into  the  median  valley  to  form  a  low  and  wide  tubercle  at  the  entrance,  of 
which  there  is  no  representative  in  the  coi'responding  tooth  of  B.  sivalensis ; 
the  tooth  has  a  small  crochet  and  a  large  antecrochet. 

The  dimensions  of  these  two  teeth  are  compared  below  with  the  same 
dimensions  of  the  coiTcsponding  teeth  of  Bhinoceros  sivalensis : — 


Fenuliimate  molar. 

Length  of  anterior  surface 

It.  plant. 
In. 

.  3-20 

R.  siva. 
In. 
2-70 

„  of  internal  surface 

.  2-45 

1-82 

„  of  posterior  surface 

.  2'60 

2-34 

„  of  external  surface 

.  3-40 

2-50 

Height  of  crown 

.  2'22 

2-10 

Last  molar. 

Length  of  anterior  surface 

.  320 

2'30 

„  of  internal  surface 

.  2-95 

1-90 

„  of  posterior  surface 

.  3-20 

2-35 

Height  of  crown 

.  305 

1-75 

The  difference  in  size  is,  therefore,  so  great  that  from  this  alone  there  would 
be  no  doubt  as  to  the  specific  distinctness  of  B.  jjlanidons,  which  indeed  seems 
to  have  been  next  in  size  to  the  largest  specimens  of  B.  platyrlimus,  the  largest 
of  any  species  of  Bhinoceros  with  which  I  am  acquainted;  the  dorsum  of  the 
penultimate  molar  measuring  upwards  of  four  inches  in  length. 
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In  addition  to  these  ujiper  molar  teeth  Mr.  Theobald  has  sent  down  the 
symphysis  and  part  of  one  ramus  of  a  mandible  of  a  species  of  Ehinoceros,  which 
was  found  with  the  upper  molars,  and  which  I  have  no  doubt  from  its  size 
belongs  to  the  same  species.  Before  going  further,  it  may  be  well  to  remind  the 
reader  that  the  mandibles  of  three  species  of  Siwalik  Ehinoceros  are  figured  in 
the  “  Fauna  Antiejua  Sivalensis,”  and  were  referred  by  Falconer  to  his  three 
.species  E.  sivalensis,  E.  jialcerndicus  ami  E.  plat iirJn'nus  ;  I  do  not  know  on  what 
grounds  the  lower  jaws  were  refej-rod  to  their  respective  species,  which  were  founded 
upon  crania ;  there  is,  however,  no  doubt  but  that  these  three  jaws  belonged  to  the 
tliree  above-mentioned  species,  irrespective  of  the  question  of  as.signing  each  to 
each.  Now,  these  throe  kinds  of  mandibles  all  differ  from  the  present  specimen, 
and  there  is,  therefore,  every  presumpttion  in  favor  of  the  Punjab  lower  jaw  having 
belonged  to  the  Punjab  E.  planidens. 

The  portion  of  the  lower  jaw  in  question  consists  of  the  symphysis,  and  a 
part  of  the  right  ramus  containing  the  three  last  premolars  and  the  first  true 
molar;  on  either  side  of  the  symphysis  there  is  a  single  huge  incisor,  that  of  the 
right  side  being  broken  off  near  its  summit,  and  that  of  the  left  at  the  summit  of 
the  alveolus ;  there  are  no  inner  incisor.s.  The  .single  incisor  has  a  flattened  surface 
superiorly,  looking  upw^ards  and  inwards,  while  the  inferior  and  external  surfaces 
are  rounded,  the  tooth  is  strongly  curved  upwards,  and  extends  above  the  level 
of  the  plane  of  the  grinding  surfaces  of  the  molars;  the  jaw  is  of  great  vertical 
depth. 

The  low^er  jaw  of  E.  sivalensis  (F.  A.  S.,  pi.  74,  fig.  6)  has  no  incisors,  and 
is  therefore  quite  unlike  this  specimen.  In  the  lower  jaw  of  B.  ylutijrhiniis 
(F.  A.  S.,  pi.  75,  fig.  10),  there  are  two  small  inner  incisors,  as  well  as  larger 
outer  incisors ;  the  latter  are  directed  less  upwards,  and  are  straighter  and  smaller 
than  those  of  the  present  specimen. 

The  lower  jaw  of  E.  paJmndAms  (F.  A.  S.,  pi.  74,  figs.  3  and  4)  agrees  with  the 
present  specimen  in  having  the  outer  incisors  only;  the  latter  are,  however,  smaller 
and  shorter,  and  are  directed  very  slightly  upwards,  so  that  only  their  extremities 
reach  the  level  of  the  grinding  surface  of  the  molars ;  and  the  jaw  is  shallower 
and  the  symphysis  shorter. 

In  the  following  table  I  have  compared  together  the  dimensions  of  the  present 
specimen,  with  the  corresponding  dimensions  of  the  mandible  of  E.  platyrhimis 
and  R.  palivinclicus  ;  the  latter  are  taken  in  part  from  the  description  of  the  plates 
of  the  “  Fauna  Antiqua  Sivalensis,  ”  and  in  part  from  specimens  in  the  Indian 
Museum : — 


Depth  of  jaw  at  last  prcmolar 

R.  plan. 
In. 

4-, 5 

/?.  p1a.f. 
III. 

R.  pal. 
In. 

3-4 

Length  of  symphjsis 

6-4 

fi-9 

4-.5 

Vertical  diameter  of  outer  incisor 

l-S 

07 

1-1 

Transverse  „  „  .  .  . 

2-4 

1-5 

1-3 

Length  of  incisor  (broken  in  i?.  planidens) 

3‘5 

21 

1-9 

„  of  three  last  premolars 

5-1 

3-8 

47 

hi  o  other  Rhinoceros  that  I  have  seen  has  lower  incisors  at  all  approaching  in  size 
to  those  of  the  present  specimen  ;  in  correlation  with  these  enormous  lower  incisors 
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M'e  should  expect  that  the  upper  incisors  were  likewise  of  unusual  size  in 
R.  planidens,  and  such  appears  to  have  been  the  case.  Prom  the  district  where 
the  upper  molars  and  lower  jaw  of  R.  planidens  were  obtained,  Mr.  Theobald  has 
obtained  two  upper  incisors  of  a  Rhinoceros  of  gigantic  size,  which  I  have  no 
doubt  belonged  to  the  same  species  ;  the  length  of  one  of  these  specimens  is  up¬ 
wards  of  d'd  inches,  its  thickness  T5  inch,  and  the  height  of  its  crown  1'9 
inch.  9’he  lapper  incisors  of  the  other  Siwalik  species  of  Rhrnoceros  are  not 
known  ;  the  present  specimen  is,  however,  far  too  large  to  have  belonged  to  R. 
sivalensis  or  R.  palatindicus,  while  R.  platyrhimis  is  not  known  to  occur  in  the 
Punjab,  and  if  we  may  judge  from  Colonel  Baker’s  cranium  of  this  species  seems 
not  to  have  had  permanent  upper  incisors. 

The  above  comparisons  point  most  clearly  to  the  speciiic  distinctness  of  the 
gigantic  fossil  Rhinoceros  of  the  Punjab ;  in  its  upper  molars  this  species  approaches 
nearest  to  R.  sivalensLs,  but  is  distinguished  by  their  larger  size  and  their 
bold  cingulum  and  tubercle  in  the  median  valley ;  in  the  number  of  its  lower 
incisors  the  new  .species  agrees  with  R.  palcemdicus,  but  is  distinguished  by 
their  curvt'd  form  and  much  greater  size. 

Genus:  Listeiodon. 

Of  this  genus,  which  has  still  an  ineerta  sedes,  Mr.  Theobald  has  obtained  an 
upper  molar  of  a  very  small  species  quite  distinct  either  from  the  Indian  L. 
pentapotamiai  or  the  European  L.  splendens,  or  L.  lartetU,  and  which  must  be  re¬ 
ferred  to  a  new  species.  The  specimen  was  obtained  from  the  Siwaliks  of  the 
village  of  Jabi  in  the  Punjab,  and  will  be  described  and  figured  on  a  fitture 
occasion ;  I  propose  to  call  the  species  after  its  discoverer,  L.  theohaldi. 

RODENTIA. 

Genus:  Hysteix. 

At  page  706  of  the  fourth  volume  of  the  “Journal  of  the  Asiatic  Society  of 
Bengal,”  in  a  list  of  Siwalik  fossils  given  by  Falconer  and  Cautley,  there 
occurs  the  narue  of  the  genus  Hydrix,  as  having  been  obtained  with  the  other 
specimens.  The  name  of  the  genus  again  appears  on  page  293  of  the  fifth 
volume  of  the  same  Journal,  and  also  in  the  Introduction  to  the  “  Fauna  Antiqua 
Sivalensis”  (Pal.  Mem.,  Vol.  I,p.  23).  I  canfind,  however,  no  further  mention  of 
the  genus  in  Falconer’s  papers,  nor  any  notice  of  the  specimen  on  which  the 
determination  was  made  ;  this  specimen  (or  specimens)  has,  in  all  probability,  been 
lost. 

With  the  exception  of  the  occurrence  of  the  name  in  the  above  lists,  we  have 
hitherto  known  nothing  of  the  occurrence  of  Hydrix  in  the  Siwaliks ;  towards  the 
end  of  last  year,  however,  Mr.  Theobald  forwarded  to  the  Indian  Museum  a  portion 
of  the  mandible  of  a  species  of  this  genus,  obtained  from  the  Siwaliks  of  the 
village  of  Asnot,  which  forms  the  object  of  the  present  preliminary  notice. 

The  specimen  consists  of  the  middle  portion  of  the  i-ight  ramus  of  the  mandible 
containing  the  two  first  molars,  and  the  sockets  of  the  last  premolar  and  last 
molar;  the  cutting  extremity  of  the  incisor  of  the  same  side  was  also  obtained. 
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In  this  notice  1  shall  content  myself  with  pointing  out  the  main  distinctions  of 
the  teeth  of  the  fossil  specimen  from  those  of  H.  leucura,  which  are  indistinguish¬ 
able  from  those  of  H.  cristata.  The  dimensions  of  the  two  first  molars  of  E. 
leucura  are  compared  below  with  those  of  the  fossil  teeth  : — 


Fossil. 

Ivooeut, 

hi. 

Ill. 

Length  of  two  first  molars 

• 

.  0"75 

0-71 

„  of  first  molar 

.  0-39 

0-35 

Width  of  „  „ 

. 

.  0-33 

U-29 

Length  of  second  ,, 

.  0-36 

0-3(> 

Width  of  „  „ 

.  0-31 

0-28 

From  these  dimensions  it  will  be  seen  that  in  the  fossil  jaw  the  first  molar  is 
longer  than  the  second,  while  precisely  the  revei'se  of  this  occurs  in  the  recent 
jaw ;  the  first  molar  of  the  fossil  is  considerably  larger  than  that  of  the  receni 
jaw,  while  the  second  molars  of  the  two  are  of  the  same  length,  but  that  of  th<! 
fossil  is  wider.  Since  the  smallest  of  the  fossil  teeth  is  as  large  as  the  largest  of 
H.  leucura,  the  matter  of  size  \\dll  distingush  the  fossil  form  from  the  two  smaller 
Indian  species,  H.  bengalensis  and  H.  longicauda. 

Now,  for  the  form  of  the  teeth,  in  H.  leucura  the  lateral  enamel  fold  at  the 
middle  of  the  inner  side  runs  only  for  a  very  short  distance  at  right  angles  to  the 
long  axis  of  the  tooth,  and  is  connected  for  a  long  time  with  the  fold  at  the 
antero-extemal  angle  of  the  crown,  and  is  isolated  after  its  severance  ;  in  the  fossil 
jaw  this  fold  I’uns  for  some  distance  at  right  angles  to  the  same  axis,  is  never 
connected  with  the  antero-extemal  fold,  and  is  not  isolated  at  all  in  the  specimen. 
Other  differences  occur  in  the  form  of  the  grinding  surface,  which  require  a  figure 
for  their  explanation;  as  minor  difference.s,  the  surface  of  atti'itionof  the  incisors 
in  the  fossil  jaw  is  more  concave,  and  the  muscular  ridges  of  the  latter  are  much 
more  strongly  marked  than  in  the  living  species.  These  differences  sutticicntly 
distinguish  the  Indian  fossil  nystrix  from  the  living  species  of  the  genus. 

The  only  fossils  of  the  genus  with  which  I  am  acquainted  are  certain  frag¬ 
mentary  sfiecimens  from  the  Val  d’Arno'  of  which  the  species  is  not  deter¬ 
mined;  H.  refossa  from  the  sub-volcanic  alluvium  of  Puy  deDome^;  II.  pri- 
migenia  from  the  upper  miocene  of  Attica® ;  and  H.  venusta  from  the  pliocene 
of  North  America.^ 

I  can  say  nothing  with  regard  to  the  unnamed  species  ;  if.  refossn  ha.s  the  ena¬ 
mel  islands  unusually  numerous,  and  the  external  fold  very  slight,  and  therefore 
differs  from  our  specimen :  if.  refossa  is  considered  by  M.  Pomel  to  be  an  agonti. ' 
In  if.  primigenia  the  large  inner  enamel  fold  of  the  lower  molars  agrees  in  the 
matter  of  length  with  the  same  fold  in  the  fossil  Indian  species,  but  it  seems  to 
be  sooner  isolated  ;  the  form  of  the  minor  folds  is  also  different  in  the  two,  and 


*  Cuvier:  “Osseiuens  Fossiles,”  4th  Ed.,  V’ol.  VIII,  p.  128. 

®  Gervais:  ‘‘Zoologie  et  Paleontologie  Fran^aises,  ”  pi.  XLVIIl,  fig.  11. 

®  Gaudry :  “  Animaux  Fossiles  de  I’Attique,”  pi.  XVIII,  fig.  2. 

‘Leidy:  “Extinct  Mammalia  of  Dakota  and  Nehrasca,”  p.  343,  pi.  2fi,  figs.  23  &  24;  the 
species  is  there  named  M.  venustus,  which  I  have  ventured  to  alter  to  M.  venusta,  Mystrix  being 
feminine. 

*  Pictet ;  “Traite  de  Paleontologie,”  Vol,  I,  page  255. 
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iu  11.  primujeniii  the  two  first  lower  molars  are  of  equal  length.  The  molars  of 
II.  venusta  are  very  large,  and  the  folds  simpler  than  in  our  specimen. 

The  Indian  fossil  cannot,  therefore,  be  referred  to  any  named  species  with 
which  I  am  acquainted,  and  I  propose  therefore  to  call  it  E.  sivalensis. 

Grenus  :  Rhizomts,  nov.  sp.  (?). 

From  certain  beds  at  the  village  of  Jabi  in  the  Punjab,  which  Mr.  Theobald 
classes  as  middle  Siwalik,  I  have  received  two  detached  rami  of  the  mandible  of 
an  apparently  new  Rodent.  Each  of  these  rami  contains  three  molai's  and  no 
promolar ;  these  molars  have  a  single  deep  enamel  fold  on  the  outer  side,  and 
three  smaller  folds  on  the  inner  side,  which  are  well  apparent  in  the  worn  teeth  ; 
the  last  molar  is  longer  than  the  penultimate  ;  the  molars  have  distinct  roots  ;  and 
the  jaw  is  stout  and  has  well-marked  ridges  for  muscular  attachments.  The 
length  of  the  three  molars  is  0'6,  and  the  depth  of  the  jaw  at  the  second  molar 
0-5  inch. 

lo  determine  the  group  of  Rodent.s  to  which  these  jaws  belong  I  have  made 
use  of  the  classification  of  the  Order  Undeidia  or  Glires  published  by  Mr.  Alston 
in  the  “Proceedings  of  the  Zoological  Society  of  London”  for  1876.  From  that 
memoir  the  following  facts  may  be  gathered  as  to  the  number  and  form  of  the 
lower  molar  teeth  in  this  order  : — 

In  the  Sub-orders  Gtlires  Duplicidentati  and  G.  Hbbetidextati  there  are 
always  premolars. 

In  the  Sub-order  Glires  Simplicidbntati,  the  Sections  Sciuromorpha  and 
IIystricomorpha  always  have  premolars.  In  the  remaining  Section,  Mtomorpha, 
promolars  may  or  may  not  be  present.  It  is  therefore  clear  that  our  specimens 
can  only  belong  to  this  last  section. 

In  this  section,  the  families  Myoxidm,  Geoviijidoi,  and  TJieridomij Idai  always 
have  pi’emolars.  The  families  Syalackhe  and  DipoiUdce  may  or  may  not  have 
(>remolars,  while  the  families  Jjophioiiiyidis  and  Mnrldcc  never  have  premolars. 
It  is  therefore  evident  that  our  specimens  can  only  belong  to  one  of  the  last 
four  families. 

Now,  in  the  throe  last-mentioned  families  the  molars  arc  always  either  tubor- 
culate,  or  carry  more  or  less  transverse  ridges,  and  never  have  external  or  internal 
enamel  infolds.  It  is,  therefore,  clear  that  our  specimens  cannot  belong  to  either 
of  those  families,  and  they  can,  therefore,  only  belong  to  the  remaining  family, 
Upalacvlm.  This  family  is  divided  into  two  sub-families  the  Spalnakim  and  the 
JjidhyBrginm  ;  the  latter  group  has  always  promolars,  while  the  former  lacks  them  : 
our  specimens  can,  therefore,  only  belong  to  the  former. 

The  sub-family  SyalaouiKn  contains  three  well-known  living  genera,  namely, 
SpakhV,  lildsomys  and  Eeteroaeplndus ;  of  these,  the  molars  of  Spalax  are  distin¬ 
guished  from  those  of  the  present  specimens  by  having  very  slight  enamel  folds, 
which  exist  only  in  the  almost  unworn  state  ;  the  lower  molar.s  of  lEteTooephciliis 
are  distinguished  by  having  only  a  single  inner  and  outer  fold.  (Alston.) 

I  liorc  now  remains  only  the  genus  Tthtsomijs  to  which  our  specimens  can 
belong;  the  lower  molars  of  that  genus  are  characterized  by  having  a  largo 
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external  enamel  fold,  and  two  or  more  smaller  inner  folds,  wliicli  persist  till  the 
crown  is  qnite  worn  down.  These  characters  agree,  therefore,  perfectly  with  the 
characters  of  oirr  Siwalik  specimens,  and  I  can  have  no  doubt  but  that  the  latter 
belong  to  that  genus ;  I  have  compared  these  molars  with  the  teeth  of  B.  mma- 
trensis,  and  find  that  they  can  only  be  distinguished  in  form  from  the  latter  by 
the  greater  depth  of  the  external  fold,  and  by  the  smaller  size  of  the  first  internal 
fold;  the  fossil  molars  are  in  one  specimen  slightly  smaller,  and  in  the  other 
slightly  larger,  than  those  of  the  recent  species  ;  the  fossil  mandible  is,  however, 
narrower  and  slenderer,  the  incisors  much  smaller,  and  there  are  other  differences 
in  the  form  of  the  two  mandibles  which  are  quite  sufficient  to  specifically  distin¬ 
guish  the  two  forms ;  these  differences  will  be  pointed  out  on  a  subsequent 
occasion.  I  shall  hope  to  give  a  figure  of  the  fossil.  The  fossil  teeth  ai’e  larger 
than  those  of  any  of  the  other  species  with  which  I  have  been  able  to  compare 
them :  should  they  belong  to  a  now  species,  as  I  think  is  probably  the  case, 
I  shall  proijose  to  call  this  species  It.  sivalemis. 

It  may  not  be  out  of  place  here  to  observe  that  among  Falconer’s  undesoribed 
Siwalik  Mammalia,  there  was  indicated  a  new  genus  under  the  name  of  TypModun. 
The  name  only  of  this  genus  occurs  in  the  Introduction  to  the  “  Fauna  Antiqua 
Sivalensis”  (Pal.  Mem.,  p.  2.3),  and  from  the  contents  it  is  evident  that  this  genus 
belonged  cither  to  the  Podents  or  Insectivores  ;  from  the  name  Ti/pModon  I  think 
that  the  genus  must  have  belonged  to  the  former,  .since  the  name  appears  to  be  so 
evidently  derived  from  Sj^aUhti  typhlm.  This  being  so,  and  since  our  now 
Bhizomys  belongs  to  the  Spaladnce,  I  think  it  not  at  all  improbable  that  Falconer’s 
TypModon  was  founded  on  the  same  Bhizomys.  The  Introduction  in  que.stion  was 
published  in  1844,  and  a  great  part  of  it  was  written  much  earlier  in  India ;  it 
is,  therefore,  not  improbable  that  Falconer  was  unacquainted  at  the  time  of 
wi’iting  with  the  genus  Bhizomys,  which  was  made  in  1830,’  and  that  finding  a 
Podent  allied  to,  but  distinct  from,  Spalax,  ho  made  a  new  genus  for  its 
reception. 

The  genus  Bhizomys  being  confined  at  the  present  time  to  Asia,  it  was  only  to 
bo  expected  that  fossil  representatives  should  be  di.scovored  in  the  pliocene  of 
that  continent;  living  species  are  found  in  India  in  the  Khasi  Hills,  and  the 
Sikim  Terai.  (Jerdon.)  I  beHove  that  no  fossil  species  of  the  genus  has  hitherto 
been  described.  An  allied  genus  {Myospalax")  has  been  formed  for  the 
reception  of  the  so-called  “  Quettah  mole ;”  I  cannot,  however,  find  that  this 
genus  has  been  described;  and  I  cannot,  therefore,  say  in  what  respects  its 
dentition  differs  from  that'  of  Bhizomys  and  Spalax.  The  genus  is  not  intro¬ 
duced  into  Mr.  Alston’s  synopsis. 


CAPNIVOPA. 

The  remains  of  Carnivora  are  of  somewhat  rare  occurrence  in  the  Siwaliks, 
and  therefore  almost  every  specimen  obtained  is  worthy  of  notice. 


>  finiy,  P.  Z.  S..  1830,  p.  !)5. 

2  A.  S.  15..  Vol.  XI,  ]).  887;  XV,  p.  111. 


10:2  Records  of  the  Geological  Burveg  of  India.  [vOL.  xi. 

Genus :  Felis. 

Of  a  large  Felis,  whicli  is  probably  F.  cristata  of  Falconer,  Mr.  Theobald  has 
obtained  from  Asnot  the  patella,  the  distal  half  of  the  femur,  several  metatarsal 
and  phalangeal  bones,  and  the  olecranon. 

Of  a  smaller  species,  the  radius,  the  calcaneum,  and  a  portion  of  the  left 
ramus  of  a  mandible  containing  the  alveolus  of  the  canine,  and  the  two  premolars 
have  also  been  obtained.  I  can  at  present  say  nothing  as  to  the  species  to  which 
this  lower  jaw  belonged  ;  it  possibly  belonged  to  the  same  species  as  the  cranium 
figured  on  plate  XXVII,  fig.  I,  of  the  fifth  volume  of  the  “Journal  of  the  Asiatic 
Society  of  Bengal.” 

Genus :  Htsna. 

Of  this  genus  Mr.  Theobald  has  collected  a  tolerably  perfect  adult  cranium,  a 
broken  adolescent  cranium,  exhibiting  the  carnassial  in  its  alveolus,  and  a  ramus 
of  the  mandible  ;  all  the  specimens  seem  to  belong  to  one  species. 

Genus:  Mellivora. 

In  the  unpublished  plates  of  the  “  Fauna  Antiqua  Sivalensis  ”  (Q,  fig.  4),  there 
occurs  a  figure  of  a  cranium  which  in  the  Index  to  the  Plates  is  named  TJrsitaxus 
sivalensis ;  now,  the  generic  name  Frsituxus  was  proposed  by  Hodgson  ‘  for  the 
Indian  ratel,  but  is  now  di.sused  in  favor  of  Mellivora;  TJrsUaxus  sivalensis  of 
Falconer  will  therefore  hei’e  and  henceforth  be  called  by  me  Mellivora  sivalensis. 

The  above-mentioned  cranium  seems  to  be  the  same  as  that  figured  on  plate 
XXVII,  fig.  4,  of  the  fifth  volume  of  the  “  Jovirnal  of  the  Asiatic  Society  of 
Bengal  ”  under  the  generic  name  of  Gulo :  the  specimen  is  now  in  the  British 
Museum.  On  fig.  6  of  the  same  plate  of  the  “Journal  of  the  Asiatic  Society 
of  Bengal,”  a  nearly  complete  light  ramus  of  the  mandible  of  the  same  genus  is 
also  figured  ;  this  specimen  is  not  refigured  in  the  “  Fauna  Anti  qua  Sivalensis,” 
and  I  do  not  know  what  has  become  of  it. 

From  the  Siwaliks  of  Asnot,  Mr.  Theobald  has  sent  the  dental  portion  of  a 
right  ramus  of  the  mandible  of  a  species  of  Mellivora,  vrhich  agrees  precisely 
with  the  above-mentioned  figured  jaw ;  the  specimen  is  somewhat  larger  than 
the  mandible  of  M.  mdica,  while  the  figured  fossil  cranium  is  mther  smaller 
than  that  of  M.  mdica.  These  differences  in  the  relative  size  of  the  two  fossil 
specimens  may  be  merely  due  to  sex,  as  there  is  considerable  variation  in  the 
size  of  the  sexes  of  many  Garnivora ;  consequently  the  new  lower  jaw  may  jiro- 
bably  be  referred  to  M.  sivalensis.  Except  in  the  matter  of  size,  I  can  see  no 
difference  between  the  mandible  of  M.  sivalensis  and  M.  irulica,  and  they  must 
have  been  at  all  events  very  closely  allied. 

Genus :  Mbles  (?). 

In  addition  to  the  last  specimen,  Mr.  Theobald  has  obtained  from  Asnot  the 
left  ramus  of  a  mandible  which  emdently  belonged  to  some  animal  allied  to  the 
badgers,  though  I  cannot  be  sure  of  the  genus.  The  specimen  shews  the  base 


'  Asiatic  Researche-s  Vol.  XIX,  p.  60. 
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of  the  canine,  and  of  the  second  premolar  (the  first  having  disappeared  ),  the  two 
last  premolars,  and  the  gi-eater  part  of  the  base  of  the  ca.rnassial,  its  summit 
being  broken  off. 

The  premolars  are  of  the  simple  conodont  type  of  the  true  badgers,  while 
the  carnassial  is  an  extremely  elongated  and  narrow  tooth  as  in  those  animals ; 
unfortunately  its  crown  being  broken  away,  I  cannot  compare  it  with  the  tooth 
of  the  badger.  The  two  last  premolars  are  of  nearly  equal  size,  and  have  no 
cingulum,  which  distinguishes  the  jaw  fi’om  that  of  Mellivora;  the  three  last 
premolars  are  in  close  apposition,  which  distinguishes  the  jaw  from  that  of 
Arctonyx. 

The  jaw  has  exactly  the  form  of  that  of  Meles  taxus,  but  is  considerably 
larger ;  and  I  think  it  probable  that  the  specimen  should  be  referred  to  a  new 
species  of  that  genus.  Meles  is  not  found  living  in  India,  but  occurs  in  Tibet  and 
Persia,'  and  a  skin  was  obtained  by  the  late  Dr.  Stoliczka  in  Kashgaria,  which 
renders  it  not  improbable  that  the  genus  may  exist  in  that  country. 


Genus :  Amphicyon. 

Of  Amphicyon  paladndicus  Mr.  Fedden  has  collected  in  Sind  a  portion  of  a 
right  ramus  of  a  mandible,  containing  the  second  true  molar,  and  the  alveolus 
of  the  third;  the  second  molar  is  very  like  the  corresponding  tooth  of  A.  major, 
but  the  form  of  the  mas.seteric  fossa  differs  in  the  jaws  of  the  two  species. 

Genus :  Hyj;kabctos. 

Of  the  genus  Hymnardos  the  Indian  Museum  has  lately  received  several 
specimens  of  the  upper  dentition,  obtained  by  Mr.  Theobald  from  the  Siwaliks 
of  the  Punjab ;  the  new  specimens  comprise  a  right  maxilla  containing  the  three 
last  teeth,  a  left  maxilla  with  the  three  corresponding  teeth,  and  the  detached 
carnassials  and  first  molars  of  both  sides  belonging  to  one  individual. 

The  second  specimen  and  the  detached  teeth  belong  to  B.  siva.lensis ;  the 
first  specimen,  however,  seems  to  belong  to  another  species.  The  three  teeth  of 
that  specimen  occupy  a  shorter  space  than  the  same  three  teeth  in  H.  sivalensis, 
the  length  of  these  three  teeth  in  the  former  being  3T  inches,  and  in  B.  sivalensis 
3'4  inches.  The  most  striking  peculiarity  of  tne  smaller  teeth  is  in  the  form  of 
the  first  true  molar:  in  B.  sivalensis  the  crown  of  that  tooth  is  oblong  in  form, 
while  in  the  new  specimen  it  is  somewhat  triangular,  the  apex  being  on  the  inner 
side ;  the  inner  ridge  in  the  new  specimen  is  also  higher  and  shorter  than  in 
B.  sivalensis;  the  carnassial  and  last  molar  are  very  similar  in  both  jaws. 

The  first  molar  of  the  new  specimen  is  somewhat  like  the  first  molar  of 
B.  hemicyon  from  Sansans,'  both  alike  approaching  the  form  of  the  correspond¬ 
ing  tooth  of  the  dogs  and  Amphicyon ;  the  Indian  specimen,  however,  lacks  the 
inner  cingulum,  which  occurs  in  the  European  form,  and  the  former  jaw  is 
further  distinguished  from  the  tatter  by  the  foi-m  of  the  last  molar,  which  Ls  like 
that  of  B.  sivalensis. 


'  Blaiiford  ;  ■  ‘  Eastern  Persia,”  Vol.  II,  p.  44. 

‘‘  Gervais  :  "  Pal^ontologie  et  Zoologie  FranQaises,”  pi,  81,  fig.  9. 
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Tlie  now  specimen  is  unlike  any  otter  described  species,  and  must  conse¬ 
quently  be  referred  to  a  new  species,  wbicb  I  propose  to  call  H.  'palmhiduMS. 

It  may  be  not  of  out  of  place  bere  to  notice  an  upper  molar  of  tbis  genus 
wliicb  has  been  figured  by  Professor  Flower  in  the  August  number  of  the 
Quarterly  Journal  of  the  Geological  Society,'  and  wbicb,  as  well  as  another 
specimen,  was  obtained  from  the  English  Jled  Crag.  The  figured  tooth  is  the 
first  upjjer  molar  of  the  right  side,  and  agrees  exactly  with  the  corresponding 
tooth  of  Mr.  Theobald  .s  speoimen.s  of  H.  .siualmsis  ;  the  latter  tooth  being  unworn 
and  more  perfect  than  tho.so  of  Falconer’s  cranium  of  this  species  (with  which 
Professor  Flower  compared  his  sjiecimens)  are  more  suitable  for  comparison  with 
the  unworn  English  specimen.  Professor  Flower  mentions  that  “  the  fine  stria- 
tion  of  the  surface  of  the  enamel  in  lines  converging  to  the  apices  of  the  cuajJS, 
which  is  beautifully  seen  in  both  the  Crag  teeth,”  is  very  indi.stinct  on  the  more 
worn  Siwalik  teeth;  Mr.  Theobald’s  specimens,  how'ever,  agree  exactly  in  this 
character  with  the  Crag  teeth,  and  I  can  but  adopt  the  opinion  of  Professor 
Flow’er  that  there  is  no  specific  distinction  between  the  English  and  the  first- 
named  Indian  llywnardos. 

In  noticing  the  range  of  the  genus,  Professor  Flower  only  alludes  to  its 
occurrence  in  Europe  and  Asia ;  he  might  have  added  that  it  also  occurs  in  the 
newer  pliocene  of  South  America.® 

Alleged  Cetacean. 

A  cast  of  the  bone  referred  to  the  Cetacea  on  page  103  of  the  ninth  volume 
of  the  “  Records,  has  been  submitted  to  Professor  Flower,  who  considers  that  it 
belongs  to  the  Ungulata  and  not  to  the  Cetacea  ;  there  is,  therefore,  at  present  no 
evidence  of  the  presence  of  the  latter  order  among  the  Siw'alik  Fauna. 


The  Palj;ontological  relations  op  the  Gondwana  System:  a  reply  to  Dr. 
Feistmantel,  by  W.  T.  Blanford,  F.R.S.,  Deputy  Superintendent,  Geological 
Survey  of  India. 

Introduction!.  I  have  allowed  more  than  a  year  to  elapse  without  attempting  to 
answer  any  of  Dr.  Peistmantel’s  remarks  in  the  “  Records  of  the  Geological 
Survey,  although  I  cannot  admit  that  in  his  reply’  to  my  first  paper"*  he  has 
cither  confuted  my  arguments,  or,  except  in  one  case,"  of  which  I  think  he  has 
exaggerated  the  importance,  and  twice  when  I  had  been  misled  by  his  own  mistakes, 
shown  me  to  be  in  error.  My  reasons  for  wmiting  were  partly  that  I  had  other 
matters  of  greater  urgency  to  attend  to  ;  partly  that  I  hoped  the  irritation  which 

‘  Vol.  XXX,  p.  534. 

’  0.  C.  Marsli :  “Addrofiis  to  Arncrip.m  Science  Association,”  Newliaven,  1877,  p.  46. 

Rec.  G.  S.  I.,  vol.  IX,  p.  115. 

■*  Ib.  pp.  79. 

®  This  refers  to  the  presence  of  Cymdeacea  in  the  lower  Gondwiinas.  The  only  error  I  com¬ 
mitted  was  in  overlooking  the  fact  that  Noeggeraihia  is  classed  by  many  writers  as  a  Cycad.  The 
affinities  of  this  plant  are  hy  no  means  dotevniined  with  certainty.— See  Gcol.  Mag.  1876,  p.  489; 
1877,  pp,  190,  431 ;  Rec.  G.  S.  T.,  vol.  IX,  pp.  118,  140. 
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Dr.  Feistmantel  exhibited  at  finding  his  conclusions  were  not  immediately  accepted 
might  subside;  partly,  that  I  feel,  in  this  discussion,  that  the  contest  is  unequal. 
Dr.  Feistmantel  has  the  enormous  advantage  of  a  thorough  acquaintance  with  the 
literature  relating  to  fossil  plants,  whilst  I  possess  but  a  very  imperfect  knowledge 
of  the  subject. 

Of  the  three  different  papers  which  Dr.  Feistmantel  has  published  in  reply 
to  my  remarks,  it  is  my  intention  to  notice  only  one  at  any  length.  One  of  the 
three  papers,  that  published  in  the  “  Neues  Jahrbueh  ”  for  1877,'  1  have  only  seen 
since  this  paper  was  first  written,  the  number  of  the  “  Jahrbueh  ”  which  contains 
it  having,  through  some  error  of  the  agents  or  of  the  post,  failed  to  roach  the  Survey 
library  at  the  usual  time.  The  second  paper  appeared  in  the  “Geological 
Magazine”  for  November  1870.^  The  publication  of  these  two  papers  is,  I  think, 
a  misfortune,  and  I  beUeve  Dr.  Feistmantel  has  seen  cause  to  regi'et  having 
written  and  published  them. 

The  paper  in  the  fourth  number  of  the  “  Records  ”  for  1870  stands  in  a  very 
different  position  ;  it  appears  as  an  official  document,  and  should  it  not  be  shown  to  bo 
erroneou.s,  it  will  certainly  be  supposed  by  geologists  generally  to  have  been 
accepited  by  the  Geological  Survey  of  India,  and  consequently  as  entitled  to  more 
weight  than  an  occasional  paper  printed,  without  any  official  supervision,  in  a 
scientific  journal.  At  the  same  time  I  cannot  pu-ofeHS  to  answer  every  parngrapih 
in  detail.  Dr.  Feistmantel  is  a  voluminous  writer,  and  although  there  are  many 
statements  open  to  question  in  the  numerous  papiers  which  he  has  already  con¬ 
tributed  to  the  Survey  publications,  I  do  not  see  the  use  of  attemp:)ting  to  answer 
them  all  ;  I  merely  refer  to  them  lest  I  should  be  supposed  to  acquiesce  in  every 
statement  which  I  do  not  attempit  to  refute.  Besides  the  various  notices  in  ihe 
“  Records  of  the  Geological  Survey,”  a  long  pajier  containing  <lcscrip)tions  of  some 
fossil  pJants  from  the  Damuda  scries  in  the  Raniganj  coal  field  has  apipeared 
in  the  “  Journal  of  the  Asiatic  Society  of  Bengal,”  "  and  contains  numerous  state¬ 
ments  of  opunion  as  to  the  relations  of  the  beds  and  of  their  flora.  With  these 
opinions,  in  .several  instances,  I  am  unable  to  coincide."* 

lieasom  for  publication  of  previous  paper. — As  much  of  the  annoyance  exhib¬ 
ited  by  Dr.  Feistmantel  at  the  publication  of  my  former  paper  appears  due  to 
my  having  written  it  before  waiting  till  he  had  .stated  his  views  at  greater  length, 
and  specially  at  my  remarks  appearing  in  the  same  fasciculu,s  as  his  own,  and  as 
he  has  called  attention  to  this  circum, stance  in  the  “  Geological  Magazine,”  "  and 
in  the  “Neues  Jahrbueh,”"  I  think  I  am  justified  in  explaining  my  reasons 
for  acting  as  I  did.  Mr.  Medlicott,  the  Supeiintendent  of  the  Survey,  loft  me 


1  LconhaTit  uiul  Goinitz,  Neues  Jalirbucli  fiir  Miiieriilogie,  Geologic  iind  Piil.-coiitolngie,  1877, 
p.  147. 

=  Dec.  II,  vol.  III.,  p.  481. 

3  J.  A.  S.  B.  1870,  pt.  2,  p.  329. 

“•  Tlioi-e  are  also  several  remarks  referring  to  members  of  tlie  Geological  8ur\  ey,  ami  especially 
to  Dr.  Oldliani,  which  are  neither  accurate  nor  just.  See,  p.  332,  the  paragraph  conmicnciiig 
“  But  the  foasila  ” — and  p.  373,  the  fourth  paragraph  from  the  top  of  the  page. 

^  1.  c.,  p.  491. 

“  1.  c.,  p.  148. 
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in  charge  of  liis  office  for  throe  months,  in  Jtily,  August  and  September,  1876,  and 
one  of  the  duties  entrusted  to  me  was  to  edit  the  number  of  the  “  Records  ”  for 
August.  Onojaaperby  Dr.  Feistmantol,  “  On  the  Age  of  some  Fossil  Floras  in 
India,”  had  appeared  in  the  preTiou.s  number  of  the  “  Recoi'ds,”  and  a  second  was  left 
with  me  in  manuscript.  It  appeared  to  me  that  both  the.se  papers  were  to  some 
extent  deficient ;  that  whilst  numerous  circumstances  wore  stated  in  favour  of  the 
writer’s  views,  some  important  conflicting  evidence  was  omitted,  and  tliat  preTiou.s 
observers  were  treated  in  some  cases  not  (]nite  fairly.  The  opinions  put  forward  as  to 
the  age  of  the  rocks  (  and  it  should  be  remembered  that,  in  Dr.  Feistmantel’s  two 
first  papers  e.specially,  the  teiTn  “  age  ”  appears  to  be  used  in  a  distinctly  chronological 
sense  )  seemed  to  me  to  be  much  more  positive  than  was  justified,  even  by  the 
evidence  adduced,  and  altogether!  thought  that  if  Dr.  Feistmantel’s  remarks  were 
published,  it  was  only  right  to  point  out  that  thei’c  was  another  side  to  the  argument. 
I  thought,  and  still  think,  that  Dr.  Feistmantel  would  have  consulted  his  own 
reputation  and  the  intcl'csts  of  the  Survey  by  abstaining  from  publication  until  he 
had  given  more  study  to  the  subject,  and  until  he  had  more  thoroughly  mastered 
the  language  in  which  he  wrote  ;  but  as  I  was  only  in  temporaiy  charge  of  the 
Survey  publications,  I  did  not  feel  justified  in  refusing  to  print  the  paper  which 
had  been  left  with  me.  I  had,  therefore,  the  choice  of  two  coui’se.s  to  pursue : 
I  might  as  editor  have  appended  a  running  commentary  of  footnotes,  calling  atten¬ 
tion  to  the  points  in  which  Dr.  Feistmantel’s  opinions  and  statements  differed  from 
tho.se  of  other  observore,  or  I  might  have  written  n  separate  paper,  explaining  the 
data  on  which  I  felt  obliged  to  dissent  from  Dr.  Fcistmantel’s  views.  The  first 
course  is  one  wffiich  I  have  poi’sonally  experienced  more  than  once,  and  which  I  have 
always  thought  an  unfair  advantage  taken  by  an  editor ;  I  con.sequently  adopted 
the  latter  alternative  as  faher  and  more  courteous.  I  printed  my  remarks 
in  the  same  number  as  Dr.  Feistmantel’s,  first,  because  it  appeared  to  mo 
unjust  to  others  to  allow  Dr.  Feistmantel’s  statements  to  appear  without  comment; 
secondly,  in  order  to  have  the  advantage  of  correcting  the  proofs  myself,  as 
it  was  probable  that  I  should  not  be  in  Calcutta  when  the  next  number  of  the 
“  Records”  was  due.  So  far  as  I  am  able  to  judge,  thci’e  was  not  a  single  line  in  my 
paper  to  which  any  objection  could  bo  taken  on  the  score  of  courtesy  and  fairness, 
nor  can  I  see  that  there  is  tmy  cause  for  the  annoyance  wffiich  Dr.  Feistmantel  has 
since  shown.  hTot  only,  so  far  as  I  can  judge,  was  I  perfectly  justified  in  pointing 
out  that  there  were  several  omissions  in  his  paper,  but  it  was  to  some  extent  a 
matter  of  duty  to  my  colleagues  to  do  so,  and  I  endeavoured  to  accomplish  this 
task  without  giving  Dr.  Feistmantel  any  occasion  to  suppose  that  he  was  harshly 
treated,  or  that  1  underrated  the  value  of  his  observations.  I  can  only  regret 
having  failed  in  my  intentions,  and  that  his  reply  compels  me  to  call  attention  to 
matters  I  w’ould  willingly  have  forgotten. 

Arrangciimit  of  joreseut  paper. — I  proceed  to  the  consideration  of  Dr. 
Feistmantcl’s  various  papers  in  the  “Records  of  the  Geological  Survey,”  and  espe¬ 
cially  to  that  which  apjjeared  in  the  fourth,  or  November,  number  for  1876.  The 
course  I  projtoso  to  adopt  is  first  to  call  attention  to  a  few  points  on  which  I  differ 
from  the  w'ritcr,  or  on  which  I  think  his  remarks  arc  liable  to  cause  error,  and  then, 
taking  the  various  groups  of  the  Gondwana  system  from  top  to  bottom,  to 
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enquire  how  far  Dr.  Feistmantel’s  published  views  arc  consistent  with  facts, 
and  to  notice  in  each  case  his  objections  to  my  arguments.  I  should  perhaps 
commence  by  saying  that  my  fii’st  objection  to  Dr.  Feistmantel’s  writing  from 
beginning  to  end  is  that  he  repeatedly  omits  to  state  the  whole  of  the  facts  ;  ho 
brings  forward  just  so  much  of  the  evidence  as  is  in  favour  of  his  own  view's, 
and  ignores  the  remainder.  Of  this  I  shall  have  occasion  to  give  several  instances. 
I  quite  believe  this  to  be  unconscious  and  unintentional  on  Dr.  Feistmantel  spart, 
but  it  tends  to  invalidate  his  arguments  so  seriou.sly,  that  it  is  impossible  to  leave 
it  unnoticed,  and  it  hns  this  most  serious  di.sadvantago  that,  as  most  of  his 
papers  are  upon  a  somewhat  abstruse  subject,  it  is  almost  impossible  in  general 
to  tell  what  points  have  been  omitted. 

The  2^cdeeoidological  contradiction. — On  p.  115^  Dr.  Feistmantel  points  out 
that  on  j).  29  he  had  fully  noticed  as  a  pala5ontological  contradiction  the  discre¬ 
pancy  between  the  fauna  and  flora  of  the  Kach  gi’oup — that  is,  the  Umia. 
group  of  Dr.  Stoliezka.  This  is  coiTect,  and  I  ought,  perhaps,  in  my  paper  to 
have  noticed  it.  Unfortunately,  however’,  any  one  turning  to  Dr.  i  eistmantel  s 
paper  to  learn  his  views  as  to  the  “age”  of  the  Cutch  (Kach  or  Kaohh)  beds 
would  assuredly  consult  pp.  33,  34,  where  a  summary  of  the  conclusions  is  given. 
These  conclusions  appeared  to  me  misleading  in  two  respects ;  they  represented 
the  various  localities  from  wdiich  plant-remains  had  been  obtained  in  Cutch  as 
belonging  to  tw'O  distinct  horizons,  and  the  only  palseontological  contradiction 
was  said  to  be  that  plants  indicating  “  generally  an  age  as  old  as  the  Bathonian 
or  Bath  oolite,  and  some  of  them  a  still  older  horizon  ”  were  from  higher  beds 
than  the  ammonite  fauna,  w'hich  is  “  not  older  than  Bathonian.  ’  I  was,  I  think, 
fully  justified  in  pointing  out  that  the  contradiction  was  much  greater  than 
would  be  supposed  from  Dr.  Feistmantel’s  remark. 

^‘Premature  conclusions.” — At  page  117  Dr.  Feistmantel  writes 


’*!  woiiUl  next  notice  some  points  relating  to  the  lower  Gondwana  groups  upon  which  Mr. 
Blauford’s  conclusions  were  rather  premature.  It  will  appear  (as) . (S)  that  the  affi¬ 

nities  of  our  Damuda  flora  with  that  of  the  incsozoic  epoch  and  especially  of  the  triassic 
formation  arc  overwhelming,  and  that  the  arguments  for  this  conclusion  are  not  derived  from 
three  species  discovered  only  last  year.” 


A  reference  to  vol.  ix,  p.  82,  will  show  that  this  is  not  a  correct  repre.senta- 
tion  of  my  language.  I  said  “  main  arguments,  ”  and  by  divorcing  the  phrase 
from  its  context,  the  expression  is  made  to  take  a  very  different  aspect  from  that 
intended.  All  I  wished  to  point  out  (i  c.)  w'a.s,  that  although  Dr.  Feistmantel 
might  be  justified  in  considering  the  Damuda  flora  as  triassic,  his  predecessors, 
who  were  ignorant  of  some  of  the  facts  since  discovered,  should  not  be  blamed, 
as  he  had  by  implication  blamed  them,^  for  coming  to  a  different  conclnsion. 
The  only  known  connection  of  any  importance  betw’een  the  Damuda  flora  and 
the  European  triassic  flora,  previous  to  the  discovery  of  the  three  Karharbari 


*  Rec.  G.  S.  I.,  vol.  IX,  pt.  4. 

2  See,  for  instance,  Rec.  G.  S.  I.,  vol.  IX,  p.  68.  "  It  ha.s  been,  and  will  perhaps  yet  be,  endea¬ 

voured  to  show  that  the  Indian  Damuda  series  are  of  palaeozoic  age,  but  I  do  not  see  where  is  the 
proof,  as  the  palaeontological  results,  Me  possible  'proofs,  indicate  loioer  mesozoic.  Ac.  The 
italics  are  in  the  original. 
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plants  hclongiiig  to  Voltzia,  Allertia  and  Newroijteris  was  in  tlio  oecuiTence  in  both 
of  allied  forms  of  Bdiixonenra.  In  Dr.  Feistmantel’s  own  conclusions  {1.  c. 
p.  77)  the  only  Damuda  species  said  to  be  triassic  were  ScJiixoimira  Go7iclwanensh, 
Neuropteris  valida,  Voltzia  nevti/olia,  “  and  perhaps  Alhertia  speciosa,  ”  and  I  was, 
therefore,  I  think,  not  “premature”  in  concluding  that  Dr.  Feistmantel’s  “main 
arguments  ”  for  the  triassic  age  of  the  Damudas,  were  derived  from  the  three 
last  species,  since  the  occurrence,  of  the  Scliizo'neura  alone  would  scarcely  have 
sufficed  to  indicate  the  age  of  the  beds. 

The  differences  between  the  floras  of  the  upper  and  lower  Gondwanas  may 
not  be  quite  so  absolute  as  1  thought  that  they  were,  but  still  the  difference  is 
very  gi-eat.  The  question  as  to  the  “  analogy  with  the  flora  of  the  lower  coal 
strata  in  Australia”  I  will  deal  with  hereafter. 

The  case  of  Macrotcemopterts. — On  p.  118,  in  order  to  show  that  the  Damuda 
(lower  Gondw/ma)  formation  is  closely  allied  to  the  upper  Gondwana  REijmahals, 
Dr.  Fei.stmantel  thus  insists  on  the  resemblance  between  certain  forms  of  Maero- 
tceaiopterk  found  in  the  two  series,  and  the  distinction  between  them  and  the 
European  carboniferous  forms  ;  in  this  instance  the  object  is  to  shew  that  tho 
Damudas  are  mesozoic — 

“There  are  amongst  the  Tainiojiteridm  two  forms  which  are  very  near  to  some  from  the 
Eaimahal  Hills,  Maevotoeniopieris  danceoides  being  very  near  to  M.  lata,  0.  M.  var.  miiscefolia  .  . 

.  .  “Of  course  it  may  be  said  again  that  these  are  genera  of  wide  range,  but  yet  the  species  arc 

distinct ;  so  is  tho  Macrolreniopteris  lata  and  danceoides  well  distinct  from  Tceniopteris  ahnormis^ 
or  Germani  or  imtUiuerois  in  the  carboniferous  .  . 

It  should  be  noticed  tliat  in  tho  above  extract,  in  order  to  emjjhasize  the 
distinction  between  Tmiiiopteris  dwtmoides  and  the  European  pahuozoic  species, 
the  former  i.s  placed  in  the  genus  or  subgenus  Maorotmiiopteris,  whilst  T.  ahnormis 
is  classed  with  T.  Gormani  in  Tceniopiteris  itself. 

A  few  pages  farther  however,  (p.  128,)  in  what  is  virtually  a  distinct  paper, 
instead  of  proving  the  Damudas  high  in  the  series,  tho  object  is  to  show  that  the 
upper  Gondwanas  are  low  down.  The  relations  between  the  various  species  of 
Macwtceniopte7-is  are  again  discussed,  but  with  a  slight  diffeionce.  Not  a  word 
is  said  about  the  Damuda  species,  but  Dr.  Sterzel’s  notice  of  the  close  relationship 
between  tho  Rajmahal  species  .and  Tceniopteris  almo-nnis  is  quoted  with  approval— 

“  Dr.  Sterzel  says  about  these  species  (M.  lata,  M.  muscefoUa,  and  M.  Morrisi)  so  closely 
allied  with  Tanopt.  ahnormis,  6utb.,  that  thei'e  is  scarcely  any  difference,  and  only  the  formation 
separates  them.  For  mo  it  is  a  great  satisfaction  to  see  forms,  which  I  have  declared  to  be  liassic, 
so  nearly  related  with  a  perraian  one.” 

Contrast  this  with  the  la.st  extract,  in  which  M.  lata  was  said  to  be  “well 
distinct  ”  'from  Tceniopteris  ahvnnnis.  But  this  is  not  all ;  farther  on,  at  p.  137, 
a  new  Macrotaniopteris  from  the  Damudas  is  described  and  shown  to  be  interme¬ 
diate  in  characters  between  the  Rajmahal  M.  lata  and  the  permian  M.  ahnormis, 
and  this  piece  of  evidence  is  again  brought  in  to  prove  the  Damudas  triassic. 

“  Our  species  holds  ii  middle  place  between  tho  permian  Tceniopi.  (Macro/ reniopt.)  ahnormis, 
tJutb.,  and  the  three  species  of  Maerolmniopfcris  from  the  Riijniahal  Hills,  and  wc  have,  therefore, 
in  our  triassic  bods,  between  the  permian  and  jurassic,  a  Macroteeniopteris.” 


'  Subsequently  said  to  be  permian. 
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Yet  again  p.  142,  in  a  description  of  now  fossils  from  the  Damuda  (Eani- 
ganj)  group,  Macrot<Bniopteris  dfflm^oicZcs  is  mentioned  once  more.  Here,  again,  the 
object  being  to  prove  the  Damudas  mesozoio,  Tmiiopteris  cibnornm  and  its  affini¬ 
ties  are  ignored,  the  resemblance  between  T.  danceoidos  and  the  Eajmaha]  fonns 
is  again  insisted  upon,  and  the  old  argnments  repeated.  All  the  specimens  arc 
said  to  “  have  a  very  mesozoic  aspect  and  strikingly  resemble  certain  specimens 
from  the  lias  (Keiiper  ?)  in  the  Alps.  ” 

I  admit  that  this  matter  is  comparatively  of  trivial  imjiortance,  bnt  still  it  i.s, 
I  think,  only  right  to  call  attention  to  it,  because  it  is  a  typical  and  characteristic 
example  of  what  1  cannot  but  consider  a  radical  error  throughout  Dr.  Feistman- 
tel’s  arguments.  The  whole  of  the  facts,  so  far  as  I  know,  are  stated  in  one  place 
or  another,  but  the  mesozoic  or  the  paleeozoic  relations  of  Macrotceniopteris  are 
insisted  upon,  according  as  the  one  or  the  other  is  in  favour  of  the ,  writer’s 
arguments  at  the  moment. 

Criticism  of  one  of  Dr.  FeistmnnteV s  sentences.— To  illustrate  the  peculiar 
form  of  argument  further,  1  will  take  for  criticism  a  single  sentence.  Dr.  Feist- 
mantel  first  jjoints  out  that  Dr.  Oldham  endeavoured  to  show  that  the  Damuda 
flora  was  paloeozoic,  that  this  Anew  had  been  questioned  by  Sir  C.  Bunbm’y,  and 
that  subsequent  collections  afforded  “  unmistakable  evidence”  in  favour  of  the 
mesozoic'  and,  in  the  winter’s  opinion,  triassic  age.  He  proceeds — 

“Already  in  the  old  collections  ft'oni  Ranigani  there  wore  proofs  enough.  There  were  Schko- 
neura  very  frequent,  there  were  one  or  two  Saffenopteris,  Prosl.,  Olosso/'teris,  different  from  those 
in  Australia.  Fi'om  Kamthi  there  were  specimens  of  Tceniopleris  (Macrotmiiopteris  and  An- 
giopteridkm)  of  distinct  real  ftiyllottieca,  like  that  in  the  oolites  in  Italj' ;  there  were  again  a 
quite  different  Glossopteris  from  those  in  Austridia,  different  not  only  by  the  shape  of  the  leaf,  hut 
especially  by  the  fructification.”  ^ 

Now,  so  far  as  the  old  collections  went,  the  only  Damuda  specimens  of 
SeMeoneura^  which  had  been  determined  were  from  some  of  the  highest  beds  in 
the  Raniganj  group  at  the  top  of  the  Damuda  scries ;  the  form  is  locally  abund¬ 
ant  it  is  true,  but,  to  the  best  of  our  knowledge  some  years  ago,  it  was  only 
found  in  the  position  I  have  stated.  The  Sagoiopteria  may  be  mesozoic,  but  the 
quotation  of  “  Glossopteris  different  from  those  in  Australia,”  is  certainly  no 
argument  in  favour  of  the  mesozoic  and  triassic  ago  of  the  Damudas.  In  the 
first  place,  it  is  only  since  Schiraper’s  work  appeared  in  1869  that  the  species  of 
Glossopteris  have  been  distinguished  ;  Dr.  Oldham  thought  differently,'*  and  bo  it 
remembered  Dr.  Feistmantel  is  in  this  paragraph  imputing  blame  to  Dr.  Oldham 

» 1.  c.,  p.  119. 

“  I,  of  course,  copy  those  extracts  as  they  are  printed. 

®  In  several  papers,  and  especially  in  the  “  Geological  Magazine,”  1876,  p.  488,  and  “  Neues 
Jahrhuch,”  1877,  p.  155,  Dr.  Feistmantel  writes  of  Schizoneura  as  though  it  were  excessively  com¬ 
mon  in  the  Damuda  formation.  This  is,  I  think,  a  mistake,  Schizoneura  abounds  in  one  or  two 
beds  in  the  Raniganj  field  amongst  the  very  higliest  Damuda  (Haniganj)  strata,  and  a  large  number 
of  specimens  were  collected  from  these  beds,  .so  that  the  plant  is  peculiarly  well  represeuted  in 
the  Museum,  but  so  far  as  my  own  experience  goes,  I  have  only  found  Schizoneura  leave.s  in, 
I  think,  two  localities  in  the  Raniganj  held,  The  stems  m.ay  have  been  found  elsewhere,  hut 
they  are  far  less  common  than  Vertebraria  and  Glossopteris. 

*  Mem.  G.  S.  I.,  Vol.  II,  p.  328.  - 
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on  tlio  score  of  the  knowledge  which  existed  in  1860-61,'  not  that  available  in 
1876,  but  even  supposing  that  the  forms  arc  distinct,  the  presence  of  Glossog- 
teris  different  from  those  in  Australia  is  no  evidence  either  for  or  against  the  age 
of  the  Damndas  being  mesozoic  or  palaeozoic. 

The  genus  Tmniogteris  (hlacrottenioptcris  and  Angiojjteridium)  from  Kamthi 
is  the  next  proof.  Now,  when  Dr.  Oldham  wrote,  the  genus  Tmviopteris  had  not, 
to  the  best  of  my  knowledge,  been  divided  into  subgenera,  and  therefore  the 
relations  of  the  genus  as  a  whole  were  to  be  considered.  But  the  genus  is 
palsoozoic  as  well  as  mesozoic,  and  Dr.  Feistmantel  himself  admits,  p.  137,  the 
affinity  between  the  Kamthi  species  and  the  permian  one.  Moreover,  the  specimens 
of  Macrotieniopteris,  if  collected  by  Mr.  Pedden,  as  Dr.  Feistmantel  states,  were 
not  amongst  the  old  collections,  for  Mr.  Feddcn  first  went  to  Kamthi  in  1866, 
whilst  Dr.  Oldham’s  last  paper  was  published  in  1861. 

Then,  amongst  the  Kiimthi  fossils  there  was  “  distinct  real  Phyllotlieca,  like 
that  in  the  oolites  in  Italy.”  No  mention  is  here  made  of  the  connexion  with 
the  Australian  Phyllotlieca,  admitted  by  every  one  to  be  just  as  closely  allied  to 
the  Indian  forms  as  the  Italian  are.  This  is  far  from  the  only  instance  in  which 
this  important  alliance  is  left  entirely  unmontioned,  although  it  is,  of  course, 
noticed  elsewhere.  As  I  shall  show  presently,  there  is  good  evidence  that  the 
Australian  Phyllotlieca  occurs  in  undisputed  carbonifermrs  bods. 

Lastly,  the  “  quite  different  Glossopferis  from  those  in  Australia,  different  not 
only  by  the  shape  of  the  leaf,  but  especially  by  the  fructification,”  is  again  urged 
as  proof  of  the  Damndas  being  mesozoic.  I  have  already  noticed  this  alignment, 
supposing  Dr.  Feistmantel  to  be  correct  in  his  facts ;  but  is  he  correct  ?  It  will 
bo  seen  that  he  admits  of  no  doubt  or  question ;  the  distinction  in  shape  of  leaf 
and  fructification  is  asserted  as  a  well-known  fact,  and  from  the  context  must 
be  supposed  to  have  been  a  fact  sufficiently  clear  some  fifteen  or  sixteen  years  ago. 
Some  quotations  from  Sir  0.  Bunbury’s  paper  on  the  flora  of  the  Kamthi  beds  of 
Nagpur  will  serve  to  show  how  far  the  distinction  was  admitted  as  valid.  Speak¬ 
ing  of  G.  Brown, inna  var.  Tndica,  be  says—® 

“  On  comparing  this  Indian  Glossopferis  with  the  common  Australian  G.  Sronmiana,  allow¬ 
ing  for  the  apiiarent  differences  produced  hy  the  nature  of  tlie  stone,  and  the  state  of  preservation 
of  the  specimens,  I  can  find  no  satisfactory  specific  distinction  ;  the  venation  is  essentially  the 
same  .  .  .  The  general  form  varies  considerably  in  the  Australian  specimims,  and  is  often  quite 
as  narrow  as  in  those  from  Nagpur;  thi'  apex  also  varie.s  in  the  Australian  phiut,  from  very  ohtuso 
and  even  refuse,  to  rather  acute,  though  I  admit  that  it  is  never,  in  the  specimens  I  have  seen,  as 
acute  as  in  the  Indian.  I  have  seen  no  trace  of  fructification  in  Australian  specimens,  nor  is  any 
mentioned  hy  McCoy  ;  on  the  other  hand,  1  am  unacquainted  with  the  rhizoma  of  the  Indian 
Glossopferis.  In  the  absence  of  these  important  points  of  comiairison,  we  cannot  feel  certain  of 
the  specific  agreement  of  the  two.” 

In  another  place  Sir  C.  Bunbury  writes;  thus": — 

“  Another  and  very  striking  characteristic  of  this  Nagpur  fossil  florals  its  close  analogy  with 
that  of  the  coal  formation  of  Australia.  The  prevailing  plant  in  each  of  the  deposits  is  a  Glossop- 

'■  1865  according  to  Dr.  Feistmantel,  Kec.  G.  S.  I.,  Vol.  IX,  p.  118,  but  he  is  in  erroi',  as  the 
paper  referred  to  is  dated  1st  June  1861,  and  appeared  in  the  fir.st  part  of  Volume  III.  of  the 
”  Memoirs,”  published  in  1861.  Dr.  Oldham’s  first  paper,  too,  was  published  in  1860,  not  in  1861. 

Q.  J.  G.  S.,  Vol.  XVII,  1861.  p.  328. 

=  1.  c.,  p  342. 
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ietis,  and  it  appears  (as  far  as  we  can  judge  in  the  present  state  of  our  knowledge)  to  be 
actually  the  very  same  species  in  both  ?  ” 

The  above  extracts  relate  solely  to  Q.  Browniana  var.  Indica,  but  the  typical 
form  of  G.  Brmvtiiana, — identical  in  shape  of  frond  with  the  Australian  species 
or  variety, — was  also  recognised  by  Sir  C.  Bunbury  amongst  the  Nagpur  fossil 
plants.!  Surely  this  fact  ought  to  have  been  mentioned. 

Again,  as  regards  the  fructification.  As  is  sho^vn  above.  Sir  C.  Bunbury 
(writing  in  1861,  the  year  in  which  Dr.  Oldham’s  last  paper  was  published)  had 
no  information  as  to  the  fnictification  of  the  Australian  form.  The  only  inform¬ 
ation  since  obtained,  a.s  far  as  1  know,  is  that  published  by  Mr.  Carruthers  in 
1872.“  He  says,  speaking  of  some  specimen.s  from  Queensland — 

“  Olossopteris  Brotoniana  has  been  so  frequently  described  and  figured,  that  I  find  nothing 
additional  worth  recording  from  an  examination  of  Mr.  Daintree’s  specimens,  unless  it  be  that 
one  shews  some  indications  of  fruit  in  the  form  of  linear  sori  running  along  the  veins  and 
occupying  a  ijosition  somewhat  nearer  to  the  margin  of  the  frond  than  to  the  midrib.  ” 

The  fructification  in  the  commoner  Nagpur  form  of  Glosso]feris  (G.  Indica,  not 
G.  Browniana')  which  is  figured  in  Sir  C.  Bunbury’s  paper,  ^  is  of  course  quite 
different.  But  is  the  evidence  of  “indications  of  fruit,”  observed  only  in  one 
specimen  amongst  the  numerous  fronds  of  Glossopteris  Brovniiana  which  have  been 
examined,  sufficient  to  justify  Dr.  Feistmantel’s  confident  assertion  that  the 
Kamthi  Olossopteris  differs  from  “those  in  Australia”  “especially  by  the  fructiflea/- 
tion  ?  ”  and  why  is  the  existence  at  Kamthi  of  Olossopteris  Browniana  identical 
with  the  Australian  foi-m  left  unnoticed  ?  and  is  it  fair  to  quote  information  first 
published  in  1872,  in  order  to  show  that  a  writer  in  1861  was  guilty  of  ignorance 
for  not  being  awai’c  of  such  facts  ? 

1  have  criticised  this  passage  at  great  length  in  order  to  show  how  very  much 
Dr.  FeistmanteTs  statements  and  arguments  are  open  to  question.  The  sentence  1 
have  taken  is  by  no  means  exceptional,  but  it  is  of  course  impossible  to  go  through 
the  whole  paper  in  the  same  way. 

Broof  of  mesozoic  age. — Still,  before  quitting  this  question  of  evidence,  I  may 
perhaps  as  well  deal  at  once  with  Dr.  Feistmantel’s  views  of  wffiat  constitutes 
“proofs  of  mesozoio  age.”  Mr.  Wood-Mason is  said  to  have  brought  a  suite  of 
fossils  affording  such  proofs.  Amongst  the  forms  cited  are  Vertebraria  and 
Aletliopteris  Lindleyana.  In  another  place  Dr.  Feistmantel  writes’^ — 

“  The  Damnda  flora  exhibits  itself  quite  decidedly'  as  mesozolc  and  most  naturally  of  triassic 
age,  as  out  of  thirty-ono  species  known  at  present,  there  are  nineteen  distinctly  mcsozoic  forms.” 

Or  again  ^ — - 

“  The  mcsozoic  (epoch)  is  marked  by  the  following  peculiar  genera  (of  JSquisetacetB). 

“  Scldsoneiira,  Sissimp.’  SplienopJiyllum,  a  peculiar  form. 

Bhyllotheca,  Bgt.  Vertebraria,  &c,” 

Is  this  not  a  ease  of  petitio  principii  ?  One  of  the  questions  in  dispute  is 
whether  the  age  of  the  beds  in  Australia,  in  which  Vertebraria  occurs,  is  palasozoic 

»  1.  c.,  p.  329. 

=  Q.  J.  G.  S.  1872,  Vol.  XXVIIl,  p  351. 

=  1.  c.,  PI.  VllI,  fig.  1,  4. 

*  Rcc.  (}.  S.  I.,  IX,  p.  119. 


=  1.  c.,  p.  121. 

«  ,T.  A.  S.  B.,  Vol.  XLV,  1876,  pt.  2,  p.  337. 
’  This  is,  of  course,  a  misprint. 
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or  mesozoic,  andjas  the  genus  is  iinkno-vvn  elsewhere,  except  in  the  Indian  rocks, 
it  can  only  he  a  mesozoic  form  because  of  its  occurrence  in  those  Australian  beds. 
Now,  those  beds  are  held  to  be  of  palseozoic  age  by  authorities  whose  opinion  is 
certainly  entitled  to  some  respect,  and,  as  I  shall  show  presently,  the  emdence 
in  favour  of  this  view  has  been,  I  think,  greatly  underrated  by  Dr.  Feistmantel. 
The  same  argument  applies  to  PhjlMlteaa  with  even  greater  force,  because  this 
genus  is  stated  by  Mr.  Clarke'  to  occur  in  the  Glosso^iteris  beds  interstratifled 
wdth  marine  carboniferous  rocks,  and  if  it  be  replied  that  Mr.  Clarke  may  have 
been  mistaken  in  his  identification,  and  that  there  were  no  specimens  of  Phyllo- 
tlteca  in  the  imperfect  collection  from  the  lower  Australian  coal  bods  examined 
by  Dr.  Feistmantel  himself,  1  would  call  attention  to  a  letter  from  Professor 
McCoy  to  Mr.  Daintreo  printed  in  the  “  Quarterly  Journal  of  the  Geological 
Society  ”  for  1867.^  Professor  McCoy  is  surely  a  competent  observer,  and  as  ho 
is,  and  has  always  been,  the  most  energetic  advocate  of  a  mesozoic  age  for  the 
Australian  plant-bearing  rocks,  his  evidence  may  fairly  be  accepted  in  this  case. 
He  identified  certain  plants  from  Queensland  as  Gtossopteris  Broivnimia  and  Pliyllo- 
theca  Audralis,  and  although  it  is  not  stated  that  the  Phjllotlieca  occurred  with 
the  Glossopteris,  I  do  not  think  any  one  can  read  the  paper  without  understanding 
that  the  association  of  these  two  plants  in  the  same  bods  is  distinctly  implied, 
and  not  only  is  it  said  that  the  Glossopteris  occurs  in  beds  below  those  containing 
carboniferous  fossils,  but  Mr.  Clarke  expressly  states  “  no  Glossopteris  has  been 
found  in  Victoria,  Queensland,  Western  Australia,  or  in  New  South  Wales,  except 
in  association  with  bods  containing  fossils  of  paleozoic  age,”^  and  this  same 
statement  has  since  been  repeated  even  more  emphatically  by  Mr.  Daintree.’ 
Again,  in  another  paper, Mr.  Clarke  mentions  that  a  plant  found  by  Leichhardt 
in  a  bed  “in  the  midst  of,  and  far  below,”  others  with  lower  carboniferous 
animal  forms,  was  afterwards  found  to  be  a  Phjlhtheca.  In  the  face  of  all  this 
evidence  is  it  correct  to  write  of  the  genus  Phjllotheaa  as  a  proof  of  mesozoic 
ago,  or  to  quote  it  as  a  type  peculiar  to  mesozoic  strata  ?  ® 

As  regards  Splienopihylhmi,  the  distinctions  between  the  Damuda  8.  speewsum 
(or  8.  trizyfutl)  and  the  palaeozoic  species  may  bo  of  gi-oat  importance,  but  still 
the  fact  remains  that,  except  in  Damuda  rocks,  the  genus  is  only  known  from 
palseozoic  strata.  Surely  Dr.  Feistmantel  docs  not  mean  to  a.rgue  that  the  peculiar 
form  is  mesozoic  because  it  occurs  in  Damuda  rocks,  and  Damuda  rocks  are 
mesozoic  because  they  contain  the  peculiar  form  of  Bplmiophylhim  ?  Yet  in  what 
other  manner  can  the  genus  bo  quoted  as  evidence  of  mesozoic  age  ? 


>  “Mines  and  Mineral  Statistics,”  section  No.  1,  opposite  p.  20G  and  p. IGfi.  “The  Greta  beds  ' 
are  not  the  uppermost  with  marine  fossils,  but  beds  with  them  lie  farther  to  the  cast,  in  wdiich  Fhyllo- 
ilieea  has  occurred  at  Harper’s  Hill.”  Bee  also  tlm  notes  by  Mr.  Wilkinson,  1.  c.,  p.  132.  These 
are  quoted  in  ji.  131)  of  this  paper. 

2  Vol.  X.X1I1,  p.  11. 
a  Q.  J.  G.  S.,  IStiG,  Vol.  XXIII,  p.  10. 

Q.  .1.  G.  B.,  1872,  Vol.  XXVllI,  p.  288. 

=  Q.  .1.  G.  S.,  18(11,  Vol.  XVII,  p.  362. 

Bee  also  J.  A.  B.  11.  1876,  Vol.  XbV,  pt.  2.  p.  317. 
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The  nineteen  distinctly  mesozoic  Ramuda  forms. — I  have  disposed  of  two  out  of 
the  nineteen  “  distinctly  mesozoic  forms  ”  in  the  Damudas,  Sphenojphyllum  speciosmn 
or  trizygia  apparently  not  being  included  in  the  nnmherl  The  beds  containing 
Neuropteris  •oalida,  VoUzia,  Alhertia,  and  Glossozamites,  as  I  will  show  presently, 
must  he  separated  from  the  true  Damudas.  The  other  mesozoic  Damuda  types 
comprise  Alethopteris  Lindleyana,  allied,  it  is  true,  to  some  European  mesozoic 
forms,  hut  equally  close  to  A.  Australis  from  the  Newcastle  beds  of  Australia  or 
their  representatives  in  Tasmania  ;  Macrotcaniopteris,  two  species,  the  affinities  of 
which  have  already  been  shown  not  to  be  exclusively  mesozoic :  and  Gangamopteris, 
three  species,  classed  as  mesozoic  on  account  of  the  occurrence  of  the  genus  in  cer¬ 
tain  beds  in  Victoria  (Austi’alia),  the  assumption  as  to  the  age  of  which  beds  depends 
entirely  upon  the  same  evidence — fossil  plants — as  has  been  shown  to  be  fallacious 
in  New  South  Wale.s.  One  species  of  Gangamopteris,  too,  is  common  to  the  beds 
of  Victoria,  and  to  those  of  Newcastle  (New  South  Wales),  always  classed  by 
Mr.  Clarke  as  palaeozoic.  It  is  quite  possible  that  the  Victoria  beds  may  be 
mesozoic,"  but  there  is  no  evidence  that  they  are  newer  than  the  Haw'kesbury  and 
Wyanamatta  beds  of  New  South  Wales,  and  the  animal  remains  in  the  latter 
exhibit  palteozoic  affinities.  It  would  be  quite  as  just  and  reasonable  to  argue 
on  this  evidence  that  the  Victoria  beds  are  palteozoic  as  it  is  to  assume,  as 
Dr.  Feistmantel  does,  that  the  Australian  strata  containing  Vertebrarla  and 
Phyllotheca  are  mesozoic.  It  is  evident  that  out  of  the  “  nineteen  distinctly 
mesozoic  forms  ”  only  seven,  viz.,  ScMzoneura  Goridwanensis,  Actimpteris  Jlengal- 
ensis,  AngiopteriAkm.  sp.,  three  species  of  Sagenopteris,  and  one  of  Nueggerathia  have, 
when  the  Kai’harbari  j)lants  are  omitted,  any  claim  to  the  title,  and  of  these,  none, 
except  the  Schizoneura,  can  be  said  to  be  sufficiently  known  for  their  affinities 
to  be  clearly  ascei-tained,  nor,  with  the  same  exception,  do  any  of  the  plants 
named  belong  to  characteristic  forms.  Actinopteris  is  a  common  li\"ing  genus, 
Sagenopteris  is  close  to  Glossopteris,  and  although  it  is  highly  iDrobable  that  the 
European  and  Asncrican  palaeozoic  Noeggerathiis  differ  from  the  Damuda  types, 
the  latter  are  allied  to  Australian  forms,  and  none  are  sufficiently  well  understood 
for  their  relations  to  be  unmistakable.  I  fully  grant  that  in  arguing  thus  I 
am  raising  minor  objections,  but  my  object  is  to  point  out  that  the  evidence  is 
strained  by  Dr.  Feistmantel,  and  that  any  one  arguing  on  the  other  side,  and 
using  the  same  style  of  reasoning,  could  produce  at  least  as  good  pi-oof  in  favour 
of  coming  to  a  diametrically  opposite  conclusion. 

The  asserted  absence  of  animah  in  'upper  Australian  coal-measures. — These 
remarks  tend  to  become  so  lengthjq  that  I  can  only  notice  one  or  two  other  jjoints 
before  proceeding  to  the  second  part  of  my  subject.  Dr.  Feistmantel’s  classifica¬ 
tion  of  the  Australian  coal-bearing  rocks^  into  Upper  and  Lower  differs  entirely 
from  that  adopted  bj^  Mr.  Clarke  and  other  Australian  geologists,  and  the  remark 
api^ended  to  the  whole  of  the  upper  beds,  including  the  Wyanamatta,  Haw'kes- 


'  Rec.  G.  S.  I.,  Vol.  IX,  p.  121. 

“  See  p.  142. 

“  Jlec,  G.  S.  I.,  Vol.  IX,  p.  123.  Tbe  subject  will  be  found  more  fully  treated  further  on,  j),  137 
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bury,  and  Newcastle  groups,'  “No  animals,”  is  of  course  a  mistake,  as  is  tbe 
statement  on  the  next  page,  that  the  rocks  of  Bowenfels  and  Newcastle  contain  “  no 
animal  fossils  ”  (the  italics  are  in  the  original).  The  fact  that  the  animal 
fossils  are  fishes  with  palfcozoic  affinities  is  omitted,  and  as  it  is  impossible  to 
suppose  that  Dr.  Feistmantel  was  ignorant  of  this  circumstance,  the  omission 
affords  a  good  instance  of  his  habit,  to  which  I  have  already  referred,  of 
suppressing  all  evidence  opposed  to  his  views,  but  I  have  no  doubt  the  assertion 
that  “  no  animals  are  found  in  the  beds”  is  an  oversight,  and  that  the  author’s 
intention  was  to  write  no  marme  animals. 

In  the  table,  however,  at  p.  125,  illustrating  the  relations  between  the  beds  in 
Europe,  India,  and  Australia,  Dr.  Feistmantel  writes,  under  the  heading  of  Coal- 
measures  in  Australia  “  (a)^ — Upper  coal-measures  ....  Flora  only.  ”  It  is  im¬ 
possible  to  acquit  Dr.  Feistmantel  of  a  mistake  in  a  matter  of  fact  in  this  case. 

It  is  only  to  be  regretted  that  in  this,  as  in  numerous  other  instances. 
Dr.  Fei.stmantel  has  not  been  more  careful  in  writing  his  papers  and  in  reading 
the  proofs,  since  mistakes  of  this  kind  are  certain  to  mislead  readers  who  depend 
upon  the  writer  for  their  information  on  a  Httle-known  subject,  and  who  arc 
just  as  seriously  deceived  by  an  unintentional  slip  as  by  a  deliberate  misstatement. 
The  error  is  due  to  oversight  of  course,  but  mistakes  in  such  matters  tend  to 
diminish  the  confidence  we  should  otherwise  feel  in  the  writer’s  accuracy. 

ZetujophylUtes  and  Schisomura. — In  a  footnote,  p.  119,  Dr.  Feistmantel  points 
out  that  neither  the  Australian  Zeugophyllites  nor  Noeggerathia,  is  a  Schizoneura, 
referring  at  the  same  time  to  my  having  suggested  that  the  Australian  Noeggera- 
this  might  be  a  Schizoneura.  In  other  papers  the  same  matter  is  referred  to  and 
in  much  stronger  language.^  The  mistake  is  entirely  Dr.  Feistmantel’s  own.  In 
his  original  paper  in  the  “  Decords  ”  "  he  wrote  thus  : — 

“  Tlie  fossils  tlescribod  as  Zeugophyllites,  Brgt.  from  India  by  Brogniart  (Prodrome,  121-175) 
and  subsequently  by  Strzeleeki  (‘Physical  Description  of  New  South  Wales,  &o,’)  seem  to 
belong  also  to  Scliizonenra” 

And  the  same  fossil  is  alternately  called  Noeggerathia  and  Zeugophyllites  by 
different  Australian  geologists.^  I  am  quite  aware  that  Dr.  Feistmantel,  in  a  foot¬ 
note  to  his  paper  ’’  on  Raniganj  plants,  written  after  my  paper  was  published,  asserts 
that  the  words  “  according  to  Dr.  Oldham  ”  have  been  omitted  at  the  close  of  the 
above  extract ;  but  Dr.  Feistmantel  is  responsible  for  the  omission,  not  I.  The 
coiTection,  too,  .should  have  been  in  the  “Ilecords,”  and  not  in  a  footnote  in  the 

'  The  ocoimrenee  of  a  fish  in  the  Wyanamatta  and  Hawkesbury  beds  is,  in  fact,  mentioned  in 
the  next  page.  Tbe  paheozoic  affinities  of  tbe  species  arc,  however,  not  noticed. 

^  J.  A.  S.  B.,  Vol.  XL  V,  1876,  pt.  2,  p,  345.  “  It  is  also  incorrect  to  consider,  as  Mr.  W.  T.  Blan- 
ford  has  done,  the  Australian  NoeggeratMa  as  ?  Schizoneura,  the  two  latter  genera  being  quite  as 
distinct  as  the  two  former  {Schizoneura  and  Zeugopy Hites)  are  from  one  another,  and  1  think 
certainly  that  Mr.  W.  B.  Clarke  would  be  able  to  distinguish  a  Noeggerathia  from  a  Schizoneura, 
and  vice  versa.” 

^  Vol.  IX.  p.  69. 

’  Q.  -I.  G.  S.,  1861,  pp.  359,  360.  In  the  latter  page  Mr.  Clarke  liimsclf  speaks  of  Noeggeru- 
thia  (or  Zeugophyllites). 

’  .1.  A.  S.  B.,  Vol.  XL\’,  1876,  pt.  2,  p.  346. 
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middle  of  a  long  paper,  which  nine-tenths  of  the  readers  of  the  “  Records  ”  in  all 
probability  never  heard  of.  As  the  matter  stands,  Dr.  Feistmantel  charges  mo 
with  his  own  blunder,  precisely  as  he  did  in  the  matter  of  Oangamopteris,^ 
although  he  subsequently  apologized  for  his  remarks  in  the  latter  case.“ 

Part  II. 

The  age  of  the  Gondwdna  groups. 

I. — Umta  (Each)  and  Jabalpde. — I  proceed  to  answer  Dr.  Feistmantol’s  notes 
on  the  age  of  some  of  the  Gondwana  groups,  and  will  commence,  as  he  has  done,® 
with  the  uppermost,  the  Umia  beds  of  Cutch  (Kach  or  Kachh.)  It  is  agreed  that 
the  Cephalopoda  of  these  beds  have  uppermost  Jurassic  affinities,  and  that  the 
plants,  which  are  in  strata  overlying  those  containing  the  Cephalopoda,  are 
related  to  English  lower  oolitic  (midcUo  Jurassic)  foi*ms,  but  it  is  urged  by 
Dr.  Feistmantel,  in  opposition  to  Dr.  Waagen,*  that  “it  is  very  possible  that  the 
full  examination  of  ilie  fauna  may  modify  the  stratigraphical  relations  as  deduced 
from  the  Cephalopoda,”  and  again,®  “  I  may  hero  remark  that  from  a  cursory  inspec¬ 
tion  I  have  made  of  the  Kach  collections,  I  do  not  think  they  will  bear  out  the 
inferences  based  upon  the  Cephalopoda  as  to  the  Tithonian  horizon  of  the  upper 
members  of  the  series.” 

It  is  as  well  to  quote  the  first  passage  further.  Dr.  Feistmantel  says — 

“  There  are  certainly  some  mollusca  that  are  generally  of  older  age  than  Portlandian,  passing 
into  the  higher  beds  of  Kach. 

“  a. — 1  may  mention  only  from  the  TJmia  group  (which  contains  the  Portlandian  Cephalopoda) 
tlie  very  frequent  occurrence  of — 

“  Goniompa  V-seripta,  which  mostly  occurs  in  middle  Jurassic  beds  in  Europe. 

Astarte  major.  Sow.,  very  near  with  Astarte  maxima,  Om.,  from  middle  Jura  in  Germany, 

“  A  Trigonia  near  Trigonia  vau,  Sharpe,  from  Jurassic  beds  on  the  Sunday  river  in  South 
Africa. 

“A  Goniomga  se^rcclg  different  from  Goniompa  inflala  Ag.,  a  middle  Jurassic  form — also 
related  with  Goniomya  rhomhifera,  Goldf.  from  liassie  strata, 

**  A  Trigonia  very  near  to  T.  Herzogii,  Hausm,  from  Enon  on  the  Sunday  river  in  South 
Africa. 

“  Some  Trigotiim  allied  with  Tr.  ventricasa  in  South  Africa. 

A  portion  of  the  lower  Jaw  Junction®  of  a  Plenosaums  which  has  mostly  allied  forms  in  the 
English  lias — ^fouud  near  Borooria  in  the  Umia  group.” 

I  naturally  feel  some  hesitation  in  disputing  the  opinions  of  the  Paleon¬ 
tologist  of  the  Geological  Survey  on  paloeontological  questions,  and  especially 
on  so  very  elementary  a  subject  as  the  value  of  palseontological  evidence,  but 
I  must  confess  that,  supposing  even  that  the  above  were  a  correct  statement 
of  the  affinities  of  the  fossils  named  (and  I  shall  show  that  it  is  not)  ;  supposing 


‘  Rec.  G.  S.  I.,  Vol.  IX,  p.  122. 

’  Rec.  6.  S.  1.,  X.  p.  76. 

3  Rec.  O.  S.  I.,  Vol.  IX,  p.  116. 

“  Pal.  Ind.,  Scr.  IX,  Vol.  I,  pp.  225,  233 ; 

=  Rec.  G.  S.  I.,  Vol.  IX,  p.  135. 

®  Distal  portion  or  symphysis  of  tlie  mandible  is  meant,  not,  as  might  perhaps  he  supposed,  the 
condyle. 
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that  no  relations  to  forms  in  higher  beds  have  been  omitted,  and  that  the  evidence 
is  in  no  case  one-sided,  all  I  can  say  is  that  Dr.  Deistmantel’s  ideas  upon  palseon- 
tological  evidence  differ  widely  from  what  I  have  always  supposed  to  be  the  ac¬ 
cepted  views  of  geologists  in  general.  I  may  be  in  error,  but  I  should  have 
thought  that  in  upper  Jurassic  strata  some  species  would  certainly  be  found 
closely  allied  to  middle  and  lower  j  urassic  forms,  and  that  a  few  might  be  identical. 
I  notice  that  all  the  species  mentioned  except  the  Plesiosaurus  consist  of  Lamel- 
libranchiate  bivalves  {Pelecypoda'),  and  that  Dr.  Waagen,  whose  opinion  on  the 
subject  is  probably  not  given  witliout  reason,  has  especially  referred^  to  alliances 
between  some  of  the  Dmia  Pelecypoda  and  those  of  the  Portland  beds,  and 
I  have  always  been  under  the  impression  that  the  selection  of  a  few  forms 
from  amongst  a  large  number  as  evidence  of  the  affinities  of  a  fauna  is  liable  to 
mislead,  and  that  the  true  relations  are  only  to  be  determined  by  a  comparison  of 
the  whole.  Prom  the  Portland  group  itself,  there  would,  I  think,  be  no  difficulty 
in  selecting  half  a  dozen  species  of  mollusca  allied  to  middle  or  lower  Jurassic  forms. 
Perhaps  the  value  of  the  evidence  adduced,  assuming  it  to  be  correct,  may  be 
best  shown  by  taking  a  parallel  case. 

The  cretaceous  beds  of  Southern  India  comprise  a  group  representative  of  the 
upper  cretaceous  rocks  (white  chalk  with  flints  or  Senonian)  in  Europe.  In  this 
Southern  Indian  group,  that  of  Arialur,  amongst  other  fossils,  the  following  occur® — 
Nautilus  Bouchardianus,  founcl  in  Europe  in  the  gault  (middle  cretaceous), 

N.  Clemeniiims  „  „  gault. 

Ammonites  Velledee  „  „  ncocomian  and  middle  cretaceous, 

A.  Deccanensis  belonging  to  the  group  of  macroeephali  and  allied  to  European 
A.  Arrialoorensis  j  Jurassic  forms,  . 

Fulguraria  elongata  (Valuta  elongata,  D’Orb.)  found  in  European  middle  cretaceous  beds, 
Cerithium  trimonile  „  gault, 

Fuspira  roUindata  (Turho  rotundatus,  Sow.)  „  upper  greensand, 

ZizipMaus  Geiniizams  „  Hippuritio  limestone 

(Tmonian), 

besides  Ammonites  Gardeni  and  Euiilirysalis  gigantea,  found  also  in  South  African 
beds  supposed  to  be  of  Cenomanian  (upper  greensand)  age.  These  identifications, 
be  it  recollected,  with  the  exception  of  the  two  macroeephali  ammonites,  are  speci- 
fie  ;  they  are  not  mere  cases  of  related  forms,  as  in  the  fauna  of  the  Umia  beds, 
and  the  list  might  be  considerably  increased  if  evei-y  form  allied  to  European 
middle  or  lower  cretaceous  species  were  quoted.  Tet  there  caimot  be  the  slight¬ 
est  doubt  that  the  fauna  of  the  Arialur  beds  is  typically  upper  cretaceous,  taken 
as  a  whole.  It  is,  I  think,  needless  to  adduce  further  evidence  to  show  of  how 
little  value  the  argument  against  the  upper  Jurassic  age  of  the  Umia  beds  would 
be,  even  if  it  were  correct. 

But  then  comes  the  question — How  far  is  this  evidence  correct?  Three  of  the 
six  mollusca  mentioned  are  Trigonim  allied  to  the  South  African  forms  Tr.  vau,  Tr. 
Herzogi,  and  Tr.  ventricosa,  and  Dr.  Peistmantel,  quite  correctly  I  believe,  points  out* 


*  1.  c.,  p.  225. 


Eec.  G.  S.  I.,  Vol.  IX,  p.  116. 
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that  “  there  is  a  great  affinity  of  some  of  the  fossils  in  the  uppermost  beds  of 
Kach  with  forms  from  the  South  African  strata  on  the  Sundays  and  Zwartkop 
riTers.”  He  proceeds  to  show  that  these  South  African  fossils  were  at  first  sup¬ 
posed  by  Ki’auss  to  be  lower  cretaceous  ;  subsequently  they  were  classed  by  Bain  as 
liassic,  and  finally  by  Sharpe  and  Tate  as  of  the  same  age  as  the  great  oolite  of 
England  (middle  Jurassic),  blow,  Dr.  Feistmantcl  has,  I  think,  overlooked  some 
later  information  than  that  quoted  by  him.  Tate'  is  the  last  writer  noticed,  and 
he,  like  all  previous  observers,  supposed  the  upper  portion  of  the  TJitenhage  forma¬ 
tion,  from  which  the  Jurassic  fossils  described  came,  to  consist  of  a  single  group, 
although  he  noticed®  the  occurrence  of  two  cretaceous  forms,  a  Hamites  and  a 
peculiar  Crassatella  allied  to  a  neocomian  species. 

In  a  paper  “  On  some  Points  in  South  African  Geology”®  by  Mr.  G.  W.  Stow, 
published  four  years  after  the  appearance  of  Mr.  Tate’s  desci'iption  of  the  fossils, 
it  was  shown  that  the  Jurassic  beds  belonging  to  the  Uitenhage  formation  on  the 
Zwartkops  and  Sundays  rivers  comprised  several  different  groups  distinguished 
by  their  fossils.'* *  The  most  important  section  is  the  following  on  the  lower 
Sundays  river : — 

POST-TBETIAKY. 

UpPEB  JURASSIC — 

1.  Few  and  small  Trigonice. 

2.  Zone  of  Trigonia  ventricosa  and  Tr.  vau,  with  Gervillia  dentata,  dSxoggra 

inihrieata,  &c. 

3.  Few  Samites  and  wood. 

4.  Zone  of  Modiola  (M.  Saini)  and  Samites,  Belemnites  {B.  Afrieanus),  Ancylo- 

^  ceras  (?),  Trigonia  Qoldfusi,  Crassatella  complicata. 

Strata  hidden. 

Lower  jtteassio — ® 

6.  Astarte  Sersogi,  Trigonia  Sereogi,  Pleuromya  lutraria. 

Before  proceeding  further,  it  is  perhaps  as  well  to  notice  that,  of  all  the  Umia 
species  mentioned  as  having  supposed  middle  or  lower  Jurassic  alfinities,  the  most 
important  is  Trigonia  ventricosa,  because  it  and  another  Trigonia,  Tr.  Srneei,  are 
amongst  the  commonest  and  most  characteristic  fossils  of  the  gi'oup,  and  because 
both  forms  are  also  found  on  the  eastern  coast  of  India  in  beds  associated  with 
others  containing  upper  Gondwana  plant-fossils.  Tr.  ventricosa  too,  it  should  be 
remembered,  is  closely  allied  to  the  Indian  middle  cretaceous  Tr.  tuherculifera.^ 


>  Q.  J.  G.  S.  1867,  Vol.  XXIII,  pp.  139,  164,  169,  &c. 

» 1.  c.,  p.  165. 

3  Q,  J.  G.  S.  1871,  XXVII,  p.  497. 

*  See  especi.ally  1.  c.,  fig.  3,  opposite  p.  500. 

®  The  term  ‘lower”  is  probably  merely  intended  to  signify  that  the  beds  named  are  inferior  in 
position  at  the  locality.  The  age  of  these  beds  cannot  well  bo  earlier  than  lower  oolitic,  which  is 
by  many  geologists  classed  as  middle  Jurassic,  lias  being  lower  Jurassic. 

®  Pal.  Ind.,  Ser.  VI,  p.  315.  In  a  footnote  to  the  description  of  this  shell,  Di’.  Stoliczka 
points  out  that  although  some  of  the  fossils  associated  with  Tr.  ventricosa,  and  described,  together 
with  that  species,  as  cretaceous  by  Krauss,  are  clearly  Jurassic,  others  appear  to  have  cretaceous 
affinities.  Dr.  Stoliczka  wrote  in  1871,  before  Mr.  Stow’s  paper  appeared. 
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For  the  moment,  it  will  be  afs  well  to  attend  to  Trigonia  wewin'cosa  and  Tr.  vcmi 
alone.  Both  these  shells  were  found  elsewhere  in  the  district  near  Port  Elizabeth 
in  beds  supposed  to  be  at  a  lower  horizon,  but  they  are  there  comparatively  rare 
and  isolated, 1  whereas  in  the  uppermost  bed  on  Sundays  river  they  are  so  ex¬ 
tremely  abundant  as  to  be  characteristic.  The  next  bed  below  the  IVigonia  zone  i.s 
very  important,  because  it  is  the  only  one  containing  llamites  Africanm  and  the 
lowest  with  Grassatella  complicata,  both  forms  with  distinct  cretaceous  affinities,® 
but  another  species  peculiar  to  the  bed  is  Belemnites  Africanus,  a  near  ally  of  B. 
Grantianus  (  B.  Kimhotensis  of  Waagen)  one  of  the  most  typical  fossils  of  the 
Katrol  group  of  Cutch,  and  ranging  into  the  bottom  beds  of  the  Umia  group. 
At  the  same  time  amongst  the  remaining  fossils  in  the  Modiola  and  llamites  Zone 
on  the  Sundays  river  one  is  identified  with  Trigonia  Goldfus  f  a  lower  oolite 
(middle  Jurassic)  fossil,  and  Modiola  Baini  is  also  related  to  a  great  oolite  species, 
but  the  Modiola  and  Mytili  are  by  no  means  characteristic  forms,  and  cretaceous 
or  even  later  allies  might  easily  be  indicated.  In  another  stratum  on  the  Upper 
Sundays  river,*  together  with  Modiola  Baini  and  apparently  on  the  same 
horizon,  Anvmonites  swhanceps  is  found,  and  this  form  is  but  dubiously  separable 
from  A.  anoeps  of  the  lower  Chari  beds  in  Cutch  and  Callovian  of  Europe.  It  is 
thus  evident  that  there  is  too  largo  a  representation  of  middle  Jurassic  fossils  to 
Justify  the  reference  of  the  llamites  bed  to  neocomian,  but  still  there  can  be  no 
quo.stion  of  its  occui^ying  a  very  high  Jurassic  horizon,  and  the  zone  of  Trigonia 
ventricosa  and  Tr.  vau  is  even  higher. 

Trigonia  Ilerzogi,  in  the  section  on  Lower  Sundays  river,  was  only  found  at  a 
considerably  lower  horizon  than  Tr.  ventricosa,  but  on  Upper  Sundays  rivet’  it  was 
found  in  a  bed  overlying  the  Modiola  zone  and  apparently,  accordino-  to 
Mr.  Stow,  as  high  in  the  series  as  the  Tr.  ventrkosa  band. 

Gervilla  dentata  of  the  Hamite  bed  on  Sundays  river  is  apparently  identical 
with  a  species  found  in  the  Umia  gi-oup.  If  not  identical,  the  forms  are  very 
closely  allied. 

A  comparison  of  Mr.  Lydekkor’s  remarks’  on  the  fragment  of  a  Plesiosaurus 
mandible  from  the  Umia  beds,  will  show  that  Dr.  Feistmantel  overrates  the 
importance  of  the  occurrence.  Plesiosaurus  ranges  from  Has  to  cretaceous,  and 
the  occurrence  of  more  numerous  species  in  the  former  is  duo  to  the  preservation 
of  many  specimens  at  one  favoured  locality.  As  the  mandibles  of  the  upper 
oolitic  and  cretaceous  forms  are  not  known,  the  fragment  from  the  Umia  beds 
was  at  first  compared  to  a  liassie  species,  but  it  subsequently  j)roved  to  be  distinct. 

The  specimens  attributed  to  Goniomya  V.-scripta  I  am  unable  to  find  in  the 
Survey  collections.  It  is  possible  that  there  may  be  some  mistake  about  the 
identification,  and  I  have  reasons  for  bebeving  that  the  fossils  at  first  supposed 

'  1.  c.,  p.  502. 

=  See  Tate :  Q.  J.  G.  S.,  1867,  vol.  XXIII,  pp.  150,  160,  165. 

3  This  species,  however,  in  South  Africa  appears  to  pass  up  into  beds  of  prohahly  cretaceous 
age.  Stow  :  1.  c..  pp.  513,  514, 

“  Stow :  1.  c.,  p.  503. 

“  Ilec.  G.  S.  I.,  vol.  IX.,  p.  154,-  vol.  X.,  p.  41. 
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by  Dr.  Feistmantel  to  represent  the  Oon-kmiya  belong  to  Trigonia  van.  The  only 
Goniomya  I  can  discover  certainly  resembles  0,  inflata,  but  the  specimens  are  not 
very  good.  This  species  and  Astarte  mayor  are  in  fact,  so  far  as  I  can  see,  the 
only  forms  mentioned  by  Dr.  Feistmantel  which  really  indicate  an  alliance  be¬ 
tween  the  Umia  fauna  and  that  of  middle  jurassic  beds. 

It  is  scarcely  necessary  to  j)oint  out  how  very  strongly  the  evidence  of  tho 
Trigonice  confirms  Dr.  Waagen’s  views  of  the  upper  Jurassic  affinities  of  the 
Umia  group ;  as  the  Cephalopoda  of  the  group  are  confined  to  the  lowest  bed.s, 
it  is  quite  possible  that  the  upper  j)ortion,  containing  the  plants,  may  bo  of 
wealden  or  even  neocomiau  age.  The  only  marine  fossil  known  to  be  found 
above  the  plant-beds  is  Tr.  Snieei  (I  am  not  sure  whether  Tr.  ventrieosa  accompanies 
it  or  not)  and  there  is  no  reason  why  this  species  should  not  range  into  lower 
cretaceous.  This  position  would  quite  accord  with  the  circumstances  of  the  Umia 
group  being  immediately  succeeded  by  strata  with  upper  neocomian  Gephaloymda, 
if  the  former  pass  up  into  the  latter.  It  is  not,  however,  clear  from  Dr.  Stoliezka’s 
notes  whether  this  is  the  case  or  not. 

Of  course  aU  that  has  been  said  as  to  the  impossibility  of  determining 
the  horizon  of  beds  from  the  affinities  of  a  very  small  percentage  of  selected 
fossils  is  equally  applicable  to  Dr.  Feistmantel’s  remarks  on  the  Katrol  and 
Chari  beds.'  Is  the  occurrence  of  a  single  middle  Jurassic  Monotis  in  the  Katrol 
group,  and  of  a  Uassic  species  of  the  same  genus  in  the  Chari  beds  of  any  weight 
when  compared  with  the  mass  of  evidence  afforded  by  the  cephalopod  fauna 
In  the  sub-divisions  of  tho  Chari  group  alone  there  are  thii-ty-nine  Cephalopoda, 
either  identical  with  European  species,  or  so  closely  allied  that  Dr.  Waagen,  who  is 
not  addicted  to  uniting  species,  does  not  separate  them.  We  are  actually  asked 
to  doubt  this  evidence  on  the  strength  of  a  single  species  of  Monotis.  It  would  bo 
as  reasonable  to  suppose  the  Chari  group  cretaceous  because  it  contains  two 
TerehratulcB,  w'hich  have  been  referred  to  the  cretaceous  species  T.  sella  and 
T.  hiplioata. 

Again  as  to  Paraswhm,  the  identification  of  the  Maleii  flora  with  that  of 
Jabalpur  was  hazardous,  to  say  the  least,  but  whether  the  identification  was 
correct,  or  whether,  as  now  appears  probable,  the  Maleri  beds  are  older  than  tho 
Jabalpur  gi’oup,  either  they  are  not  triassic,  or  Dr.  Feistmantel’s  own  identi¬ 
fication  of  them  is  wrong.  Why  then,  in  order  to  make  out  the  Cutch  beds 
older,  does  he  write®  of  “ Parasnclms,  a  vertebra  of  that  Crocodilian  fossil  which 
is  looked  upon  as  Triassic,  and  which  occurs  frcqiicntly  with  tho  Jabalpur  flora 
near  Maleri,  which  latter  is  identical  with  oui'  Kaoh  flora.”  Mr.  Lydekker'* •*  has 
since  she^vn  that  the  generic  identity  of  the  Cutch  and  Maleri  fossils  is  uncertain. 

Iloforo  concluding  these  remarks  on  the  Cutch  beds  there  is  one  more  point 
to  which  I  have  to  take  exception,  and  that  is  the  classing  together  of  tho  Umia 


•  Rcc.  G.  S.  I.,  vol.  IX.,  p.  116. 

®  Pill,  liid.,  Ser.,  vol.  IX,  pp.  226-230. 

“  Kcc.  G.  S.  1.,  vol.  IX.,  p.  116.  Sec  also  Pal.  Ind.,  Scr.  II,  pt.  2,  p.  57. 

•*  llec.  G.  S.  I.,  vol,  X,  p.  35. 
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and  Katrol  groups  of  Cutch,  without,  so  far  as  I  can  see,  any  sufficient  evidence 
being  produced  in  justification  of  the  change. 

In  the  introduction  i  to  the  description  of  the  flora  of  the  Golapilli  beds 
(Rajmahal)  referring  to  Trigmiia  ventricosa  and  to  its  occurrence  in  some  beds  at 
Innaparazpilli  near  Coconada,  Dr.  Feistmantel  writes,  “The  same  form  occurs  in 
the  upper  beds  (TJmia  and  Katrol),”  and  a  few  lines  further  on,  “  As  now  the  upper 
beds  in  Kach,  ■with  that  Trigonia,  are  called  TJmia  and  Katrol  (both  being  thus 
joined  by  the  most  common  fossils),  these  Trigonia  beds  near  Innaparazpili  may 
be  taken  to  represent  both  these  gToups  in  Kach.”  On  the  next  page®  the 
Sriparmatur  and  Ragavapuram  beds  are  said  to  be  overlaid  by  Katrol  and  Umia 
deposits,  and  in  a  table  showing  the  supposed  relations  of  various  upper  Gond- 
wana  groups,  the  higher  beds  in  Cutch  (Kach)  are  classed  together  as  TJmia- 
Katrol.  There  are,  I  may  add,  several  points  of  correlation  in  this  table  which 
are,  to  say  the  least,  open  to  question. 

Trigonia  ventricosa  may  be  found  in  the  Katrol  group,  although  I  can  find  no 
pre-vious  mention  of  its  occurrence,  but  it  is  certainly  not  common,  and  it  is  mis¬ 
leading  to  say  that  the  TJmia  and  Katrol  groups  “are  joined  by  the  most  common 
fossils.”  Altogether,  forty-five  species  of  Gej)halopoda  have  been  found  in  the 
two  subdi-visions  of  the  Katrol  group  and  ten  in  the  Dmia,  and  of  these  only  one, 
Belemnites  Kunkotensis,  is  common  ^  to  the  two,  another  being  indicated  as  doubt¬ 
fully  identical.* *  So  far  as  I  am  aware,  too,  the  characteristic  bivalves  of  the 
Umhi  grouji  do  not  occur  in  the  Katrol  beds.  I  think  Dr.  Feistmantel  may  have 
expressed  himself  ill,  and  that  what  he  really  means  is  that  the  plant-remains  of 
the  two  groups  are  similar,  but  it  is  scarcely  correct  to  speak  of  these  as  the 
most  common  fossils,  for  they,  are  rarer  than  marine  fossils  in  the  Umia  group, 
and  in  the  whole  Katrol  subdivision  they  have  hitherto  only  been  detected  in  one 
locality. 

Kota-Maleri  beds. — On  these  I  have  very  little  to  say.  They  were  at  first 
classed  by  Dr.  Feistmantel  as  Jabalpur  beds“  on  account  of  the  occurrence  of  two 
Jabalpur  species  of  Conifers,  Palissya  Jabalpurensis  and  Araimariies  Gutchensis,  and 
a  supposed  lower  portion  was  separated  and  considered  equivalent  to  the  Rajma¬ 
hal  group®  on  account  of  the  occuiTence  of  Palissya  conferta  and  GMrolepis 
Muensteri.  This  view  was  adopted  at  first  by  Mr.  Hughes  and  Mr.  King  on  the 
evidence  of  the  plants.  It  is  instructive,  and  it  affords  an  example  of  the  risk  of 
placing  too  much  dependence  on  fossil-plants,  to  find  that  the  discovery  of  additional 
species  in  the  Kota-Maleri  beds  has  shown  that  the  rocks  contain  a  mixture  of 


*  Pal.  Ind.,  Ser.  II,  pt.  3,  p.  164. 

^  1.  c.,  p.  165. 

“Pal.  Ind.,  Ser.  IX,  p.  4.  At p.  232,  however.  Dr.  'Waagen  says  that  not  a  single  species 
passes  from  the  Katrol  into  the  Umia  group.  The  doubtful  identification  is  B.  claviger. 

*  1.  c.,  p.  7. 

“  Rec.  G.  S.  1.,  Vol.  IX,  pp.  86,  134-135. 

'  Rec.  G.  S.  I.,  1.  c..  Pal.  Ind,,  Ser.  II.,  pp.  57,  165,  190.  Sec  also  Mr.  King,  Rec.  G.  S.  I., 
Vol.  X,  p.  61,  &c.  Subsequently  Dr.  Feistmantel  modified  his  statements  about  the  absolute  separa¬ 
tion  of  the  groups  in  the  Gondwana  region,  Rec.  G.  S.  I.,  X,  p,  29,  but  the  mischief  was  done. 


PAUT  1.]  Bfauford  :  Palaonlological  Relations  of  the  Gondimina  Sgstem.  1‘21 


Jabalpur  and  Rajmahal  forms,  and  that  the  separation  of  the  beds  with  Rajmaha] 
fossils  is  untenable. 

In  two  or  three  cases  the  reptilian  fossils  of  the  Kota-Maleri  beds  are  quoted 
by  Dr.  Feistmantel  as  liassic.  Thus,  in  one  instance^  ho  writes,  “  Remains  of 
Lepidotus  and  of  Hyperodapedon  have  also  been  found  in  the  Ceratndus  beds  indicat¬ 
ing  the  same  liassic  formation  and  again,®  “  In  the  Wardha  field  .  .  .  the  same 
flora  (Jabalpur)  is  associated  with  liassic  terrestrial  animals.”  The  only  liassic 
forms  are  fish;  the  sole  animal  of  probably  terrestrial  habits  hitherto  described^  is 
Hyperodapedon,  which  in  Europe  is  exclusively  triassic,  and  the  affinities  of  both 
ParasucJms'  and  Ceratodtis  are  unmistakeably  ti-iassic.  It  is,  in  fact,  the  association 
of  characteristically  triassic  types  with  equally  marked  liassic  genera  in  the  same 
group  of  rocks  which  adds  so  gi’eatly  to  the  interest  of  the  Kota-Maleri  beds,* 
and  the  circumstance  that  these  remains  are  clearly  insufficient  to  enable  the 
geological  age  of  the  beds  to  be  accurately  determined  shows  how  cautious  wo 
should  be  in  attaching  weight  to  the  far  less  characteristic  plant  evidence. 

RijMAUAL  GROUP. — In  proceeding  to  the  Rajmahal  flora  I  .should,  perhaps, 
commence  by  saying  that  Dr.  Feistmantel  may  possibly  be  correct  in  considering 
it  liassic,  but  I  think  he  fails  to  prove  his  case,  and  I  cannot  but  believe  that  the 
emphatic  assertion  and  re-assertion  that  the  flora  is  liassic,  on  every  page  of  the 
“  Palseontologia  Indica,”*  from  title  to  colophon,  is  a  mistake.  I  think  the  argu¬ 
ments  in  favour  of  the  flora  of  the  Umia  group  of  Cutch  being  middle  Jurassic 
are  certainly  stronger  than  the  instances  brought  forward  to  pi’ove  the  liassic 
affinities  of  the  Rajmahals,  and  yet’  the  apparent  connexion  in  the  first  in¬ 
stance  is  misleading. 

I  shall  not  attempt  to  go  into  the  question  of  the  Rajmahal  flora  in  detail. 
1  simply  take  Dr.  Feistmantel’s  own  data,  as  fully  given  in  the  “  Paleeontologia 
Indica,”  ®  and  I  find  that  fifteen  species  are  said  to  be  closely  allied  to  rhsetic  fossil 

*  Rec.  G.  S.  I.,  Vol.  IX,  p.  135. 

^  Pal.  Ind,,  Ser.  II,  p.  56. 

^  Q.  J.  G.  S.,  Vol.  XXV,  1869,  p.  138.  It  may  be  thouglit  that  I  am  descending  into 
trifling  details,  and  that  it  is  unfair  to  qnote  what  may,  after  all,  be  misprints.  I  can  only  say 
that  I  am  merely  taking  a  few  instances  of  mistakes  almost  at  random,  and  I  .could  give  many 
more.  Whether  liassic  is  a  misprint  for  triassic,  or  whether  the  mistake  is  dne  to  carelessness, 
the  effect  is  tlie  same.  I  should  probably  have  omitted  the  paragraph  but  for  finding  the  following 
statement  made  by  Dr.  Feistmantel  about  the  Kota-Maleri  fossils  in  the  last  number  of  the 
“  Palaeontologia  Indica"  containing  the  description  of  the  Jabalpur  Flora,  Ser.  XI,  pt.  2,  p.  102-22, 
“  We  know,  for  instance,  that  Hyperodapedon  in  England  is  a  Trias.sic  Dinosaurian,  and  so  is 
Belodon  in  Germany.” 

I  regret  having  to  call  attention  to  such  mistakes,  but  it  is  not  fair  to  the  other  members  of  the 
Survey,  who  have  been  mercilessly  criticised  by  Di*.  Feistmantel,  that  errors  like  this  should  be  left 
unnoticed.  It  must  be  remembered  that  Dr.  Feistmantel  has  always  had  proofs  of  his  i)opers,  aud 
consequently  is  fully  responsible  for  any  errors  in  them. 

“  Q.  J.  G.  S.,  Vol.  XXXI,  1875,  p.  430,  &c. 

=  Rec.  G.  S.  I.,  Vol.  IX,  p.  84.— Pal.  Ind.  .Ser.  IV,  pt.  2.  p.  17. 

'  Ser.  II,  pts.  2,  3;  see  also  Rec.  G.  S.  1.,  Vols.  IX,  X,  passim. 

’  Rec.  G.  .S.  I.,  Vol.  IX,  p.  82. 

.  »  Ser.  II,  pp.  143,  187,  &c. 
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plants  and  only  three  to  liassic,  two  out  of  these  three  having  equally  close 
rheetic  affinities.  Omitting  these  two,  the  rhfetic  affinities  of  the  Rajmahal 
flora  are  shewn  to  he  in  proportion  to  the  liassic  affinities  as  thirteen  to  one,  or  in 
other  words,  the  connection  with  the  Europiean  lias  is  only  one-thirteenth  of  the 
affinity  to  the  rha3tic.  Not  a  single  identical  species  is  known  with  certainty  to 
occur  in  either  case,*  the  only  suggested  identification,  that  of  Pterophylltim 
propinepmm,  being,  as  Dr.  Peistmantel  himself  notices,  founded  on  a  fragment  too 
imperfect  for  accurate  determination. 

It  is  perfectly  true  that  besides  the  liassic  and  rhsetic  forms,  there  are  shown 
to  be  four  or  five  Kajmahal  species  ®  related  to  middle  Jurassic  (lower  oolitic) 
plants,  one  being  identical ;  and  this  argument,  which  is  indicated,  though  not  so 
clearly  as  could  be  desired,  in  the  4th  paragraph  on  p.  160,  is  the  only  one  of  any 
value  urged.  At  the  bottom  of  the  page,  however.  Dr.  Peistmantel  says,  “We 
have,  therefore,  fossil  plants  which  exhibit  Liassic  character,  with  some  forms 
having  their  representatives  in  the  Ehajtic.”  Everywhere,  on  page  after  page,  the 
liassic  relations  of  the  flora  are  insisted  upon,  and  it  is  only  when,  turning  from 
assertions  to  facts,  the  reader  commences  to  examine  the  relations  of  the  plants 
in  detail,  he  finds  liassic  affinities  are  scarcely  shewn  to  exist.  Of  the  style  of 
argument  adopted,  I  will  quote  only  one  instance.  On  one  page  *  the  genus 
Paiissya  is  said  to  be  known  only  from  rhastic  strata ;  on  the  02iposite  page,  near 
the  bottom,  is  the  following  line,  “Conifer.®.  Paiissya  iwtfica,  Pstm.,  indicating 
lias.” 

The  real  fact,  so  far  as  I  can  judge  from  Dr.  Peistmantel’s  data,  is  that  the 
Rajmahal  flora  has  veiy  little  similaiuty  to  any  known  fossil  flora  in  Europe. 
There  is  a  certain  generic  connexion  ivith  certain  lower  and  middle  mesozoic  plants, 
but  there  is  absolutely  loss  similarity  to  the  rather  poor  flora  of  the  lias  than  there 
is  to  the  rhajtic  or  even  to  the  oolitic  flora.  To  label  the  flora  as  characteristically 
lias  is,  I  think,  a  mistake,  and  wiU  lead  to  error. 

It  is  so  difficult  to  hunt  out  anything  through  Dr.  Peistmantel’s  multifarious 
notes  and  descriptions,  of  which  I  trust  I  may  bo  pardoned  for  sayfing  that  the 
arrangement  might  be  improved  with  advantage,  that  I  may  have  overlooked 
some  reference  to  the  relations  between  the  Rajmahal  flora  and  that  of  the 
Uitenhage  formation  in  South  Africa,  but  I  have  not  found  any  notice  of  this 
important  fact.'*  The  latter  flora  occurs  in  the  Geelhoutboom  beds  or  wood  bed 


*  At  p.  160  several  liassic  plants  arc  enunciated,  Alethopieris  Whithyemis,  Pecopteris 
Nehhensis,  TMnnfeldia  rhontboidalis,  &c.,  and  are  said  to  have  near  analogies  in  the  Rajmahal  group. 
In  the  “  General  table  of  the  fossil  flora  of  the  Rajmahal  group  with  relations  and  analogous  fonus 
in  other  formations,”  pp.  143-148,  and  at  p.  156  in  the  list  of  characteristic  plant-remains  of  the 
group  and  their  ago,  it  is  shown  in  several  instances  that  the  affinities  of  the  Rajmahal  species 
with  rhffitic  plants  are  closer  than  with  the  liassic  forms  subsequently  mentioned, 

^  Sphenopteris  argiita,  Fterophyllum  f.ssum,  Williamsonia  sp.,  Arauoarites  macropierus  and 
perhaps  Rymenophyllites  Bunourymms. 

=  Pal.  Ind.,  Ser.  II,  p.  154. 

Tate :  Q.  J.  G.  S.  1867,  Vol.  XXIII,  pp.  144,  169,  &c.  I  think  the  connexion  has  been 
briefly  noticed  by  Dr.  Peistmantel  in  the  “  Neues  Jahrbuch,”  hut  I  am  unable  to  find  the  passage. 
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series,  wliicli  underlie  the  rocks  with  upper  and  middle  jurassic  fossils  on  Sun¬ 
days  and  Zwartkops  rivers,  and  overlie  the  Enon  conglomerate  at  the  base  of  the 
Uitenhage  formation,  to  which  succeeds  in  descending  order  the  Karoo  series, 
classed  by  Tate  as  triassic,  but  probably,  in  part  at  least,  older.  The  following 
plants  have  been  described^ :  — 

Fiuces. 

Feeo^teris  AtheTstonei'\\)o^  nearly  allied  to  P.  (Alethoptens') 

P.  Bubidgei  )  Iiidica,  a  Rajmahal  form. 

P.  Africana. 

Asplenites  (or  Pecopteris)  lobata,  a  Rajmahal  species. 

Sphenopteris  mdipodum. 

Oyclopteris  Jenhinsiana. 

Cycadace®. 

Palaozamia  (Otozamites)  recta. 

P.  (Podozamites)  Morrisi. 

P.  Bubidgei. 

P.?  Africana. 

Conifer^:. 

AHlirotaxites  (Echmostrobm)  Iiulkus?^  closely  allied  to  a  Raj- 
mahal  plant,  if  not  identical. 

Lower  GouDwiNA. — Panchet  group. — If  the  age  of  the  Panchet  group  were 
determined  by  the  plant  fossils,  there  can  be  no  question,  on  the  strength  of  the 
evidence  adduced  by  Dr.  Feistmantel,’  that  these  beds  would  have  to  be  classed  as 
rhsntic.  Of  the  four  species  identified,  two  are  said  to  be  Eurojiean  rhsetic 
forms,  a  third  is  closely  allied  to  a  rhsetic  species,  and  the  fourth,  ScMsoneura 
Gondwanensis,  though  most  closely  allied  to  a  lower  triassic  species,  belongs  to  a 
rhEetic  genus.  Now  this  evidence,  so  far  as  it  goes,  having  regard  only  to  the 
percentage  of  similar  forms,  and  not  to  the  total  number  of  species,  is  stronger 
than  that  on  which  the  Umia  beds  of  Cutoh  were  classed  as  lower  oolitic,  and 
the  Damuda  series  as  lower  triassic,  and  incomparably  superior  to  that  which  is 
said  to  distinguish  the  Rajmahal  flora  as  liassic.  Why,  therefore,  does  Dr. 
Feistmantel  in  this  case  class  the  Panchets  as  “  representative  of  the  highest 
trias  (Keuper)”  ? 

The  reason  is  not  far  to  seek.  It  has  already  been  noticed  that  the  relations 
of  the  Rajmahal  flora,  so  far  as  that  flora  has  any  real  connexion  with  European 
fossil  plants,  is  rhastic  rather  than  jurassio.  But  the  Panchet  flora  is  also  rhastic. 
Now,  between  the  Panchets  and  Rajmahals  there  is  by  far  the  widest  break  in  the 


*  1.  c.  See  also  p.  148. 

^  This  species  has  heen  re-named  by  Dr.  Feistmantel  Rajmalialensis.  No  valid  reason,  so  far 
as  I  am  aware,  has  been  assigned  for  the  change. 

=  Rec  O.  S.  I..  Vol.  IX,  p.  65.  Two  forms  of  Olossopteris  have  since  heen  added,  R  c. 
G.  S.  I.,  Vol.  X,  p,  139,  but  they  do  not  much  affect  the  argument,  as  they  arc  said  to  pa-ss  into 
higher  beds. 
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whole  Gondwana  system,  a  break  amply  shown  to  exist  both  on  palseontological 
grounds,  and,  which  is  of  far  greater  importance,  on  geological  evidence.  With 
the  Panchet  bods  the  reign  of  ferns  and  jEquisetacem  appears  to  end,  the  flora  of 
the  upper  beds  (I  am  simply  taking  Dr.  Feistmantel’s  own  data)  consists  very 
largely  of  gymnosperms,  ferns  being  relatively  less  numerous,  although  still 
abundant.  The  geological  break  is  unmistakeable.  In  the  coal-fields  of  the  Damuda 
valley,  the  Panchets,  together  with  the  underlying  gi’oups,  were  ujjheaved  and 
disturbed  before  the  intinision  of  the  trap  dykes  believed,  on  good  evidence, 
to  be  of  Rajmahal  age.  Now,  to  admit  that  the  beds  above,  and  those  below 
this  huge  break,  both  belong  to  one  of  the  smallest  groups  of  the  European  series 
would  be  tantamount  to  confessing  the  fact  that  fossil  plants  are  worthless  for  the 
determination  of  minor  divisions,  consequently  the  upper  beds  are  pushed  up 
into  the  lias  A\dth  which  they  have  little  or  no  connexion,  and  the  lower  groups 
fitted  into  one  of  the  established  grooves  in  the  trias  with  which  they  are  equally 
unconnected.  I  quite  admit  the  temptation,  to  every  one  who  is  fond  of  order  and 
who  prefers  certainty  to  doubt,  to  adopt  this  plan  of  pigeon-holing  strata,  if  I 
may  so  term  the  process  ;  it  is  neat  and  compact,  and  it  has  only  one  objection, 
which  is,  that  it  is  radically  false  and  unscientific.  That  the  affinities  of  the 
Panchet  fauna  and  flora  are,  on  the  whole,  triassic,  is  not  new,  and  the  only  additional 
evidence  obtained  of  late  years,  such  as  the  irndhor  examination  of  the  reptilian 
fauna  of  South  Africa,^  and  the  classification  of  the  LabyrintJwdontiaf  whilst  by 
no  means  conflicting  with  the  original  oj^inion  that  the  Panchet  beds  might  be 
lower  mesozoic  or  upper  paleozoic,  is  a  waming  against  an  attempt  at  correlating 
these  Indian  formations  too  closely  with  the  European  sub-divisions.  To  define 
the  relations  of  the  Panchet  group  by  substituting  Keuper  for  trias  is,  I  believe, 
a  retrograde  step  in  the  present  position  of  our  knowledge ;  the  gain  is  merely  a 
change  in  names,  not  in  acquaintance  with  facts,  and  the  nomenclature  is  more 
likely  to  need  subsequent  correction. 

Damuda  series  :  Mdngli  beds. — Before  entering  into  the  question  of  the  rela¬ 
tions  of  the  Damuda  flora,  I  must  devote  a  few  words  to  the  Mangli  beds.  I 
believe  that  Dr.  Feistmantel’s  expressed  opinions  as  to  the  relations  of  these  beds 
are  untenable.  The  question  is  partly  palreontological,  partly  geological,  and, 
as  the  first  alone  has  been  treated  by  Dr.  Feistmantel,  I  shall  deal  with  it  before 
the  other.  The  opinions  from  which  I  dissent  will  be  found  at  length®  in  a 
“  Note  on  Estheria  in  the  Gondwana  Formation,”  and  I  would  beg  any  one  who 
wishes  fully  to  appreciate  the  importance  of  the  facts  I  am  about  to  state,  before 
going  farther,  to  read  Dr.  Feistmantel’s  remarks.  He  concludes  that  “the 
Mdngli  beds  cannot  belong  to  the  Damuda  series  at  all,  and  that  they  are  rather 
to  be  considered  as  the  uppeimost  continuation  of  the  Panchet  gi-oup.”  This 
opinion,  it  must  bo  remembered,  is  opposed  to  my  own *  *  after  I  had  examined  the 


'  Owen :  Q.  J.  G.  S.,  Vol.  XXXII,  p.  352,  and  Brit.  Mus.  Cat.,  S.  Af.  Kept. 
’  ivepts.  Brit.  As.  1874,  pp.  150.,  &c. 

*  liec.  G.  S.  1.,  Vol.  X,  p.  26. 

‘  -Mem.  G,  S.  I.,  Vol.  IX,  p.  326. 
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rocks,  and  to  that  of  Mr.  Hughes,  ‘  although  the  latter  was  founded  on  a  thorough 
and  exhaustive  survey  of  the  whole  country. 

The  plant  evidence  is  very  slight,  and  I  do  not  understand  Dr.  Feistmantel 
to  attach  much  importance  to  it.  The  only  recognizable  fragments  consist  of  two 
stems,  and  these  are  so  poorly  preserved  that  Sir  C.  Bunhuiy,^  who  had,  I  believe, 
quite  as  good  specimens  as  those  examined  by  Dr.  Feistmantel,  was  uncertain 
whether  the  one  was  a  lycopod  (Knorria)  or  a  conifer,  and  whether  the  other 
should  he  referred  to  Stirjmaria  or  to  a  fern.  Dr.  Feistmantel  may  he  correct  in 
saying  that  he  is  “convinced”  that  the  first  is  a  conifer  and  belongs  to  Palissya, 
but  it  may  fairly  be  questioned  whether  the  suggested  identification  of  such 
fragments  with  the  rhsetic  P.  Brauni  is  of  any  importance.  The  other  specimen 
Dr.  Feistmantel  says  “  is  certainly  a  fern  stem  ”  and  very  similar  to  those  de¬ 
scribed  from  the  rhartic  beds  in  Bavaria.  This  may  be  quite  correct,  but  the  value 
of  the  evfdence  is  so  small  that  it  may  safely  be  disregarded  until  very  much 
more  is  known  of  fossil  fern  stems.  As  to  the  supposed  Palissya,  a  stem, 
which  is  not  uncommon  locally  in  the  ironstone  shales  of  the  Damuda  beds, 
has  a  striking  resemblance  to  the  Mangli  fossil;  so  far  as  I  can  judge  (the 
question  is  one  for  a  botanist,  and  my  knowledge  of  the  science  is  insufificient  for 
my  opinion  to  have  any  weight),  the  resemblance  is  as  close  as  that  of  the 
Mangli  stem  to  Palissya  Brauni.  As,  moreover,  it  has  been  shewn  by  Heer  ®  that 
fragments  of  the  Permian  Voltsia  Hungarica,  in  which  the  loaves  are  preserved, 
but  the  leaf-scars  {Zagfen)  are  wanting,  can  .scarcely  be  distinguished  from  the 
rhaetic  Palissya  Brauni,  it  may  bo  doubted  if  the  leaf-scars  alone,  all  that  is 
preserved  in  the  Mangli  stems,  are  sufficient  for  specific  identification.  The 
plant  evidence,  from  such  fragments,  may  be  safely  dismissed  as  worthless. 

The  animals  of  the  Mangli  beds  are  of  more  importance.  They  consist  of 
BstJieria  and  a  Labyrinthodont,  Bracliyops  laticeps.  Of  the  former  Dr.  Feist¬ 
mantel  says* — 

“  There  are  certainly  two  forms,  a  larger  and  a  smaller  one — 

“a. — BsiJteria  Many aliensis,  Jones . This  is  the  larger  form,  which  Mr. 

Jones  dcscrihed  first  from  Mangli  .  .  .  On  some  specimens  E.  Mangaliensis  is 

only  represented,  while  on  some  others  it  is  mixed  with  the  other  smaller  form,  and 
still,  on  some  others,  thi,s  latter  only  is  predominant. 

“  Jones  gave  several  figures  which  all  indicate  the  larger  form  E.  Mangaliensis  J.  As  to  the 
age  Mr.  Jones  considered  these  beds,  for  certain  reasons,  as  Khsetic,  and  now  Professor 
Geiuitz  describes  the  same  species  from  beds  of  the  same  age  in  South  America. 

“  b. — Estheria  comp,  mbmia  var.  Srodieana,  Jones.  This  form  was  not  described ;  it  is,  how¬ 
ever,  as  frequent  as  the  larger  one.  Prom  the  size  and  form,  and  from  the  structure  of 
the  shell,  they  can  safely  be  taken  as  very  closely  allied  to  Estheria  minuta  var. 
Erodieana,  Jones,  which,  as  Mr.  .Tones  indicated  so  distinctly  and  exhaustively,  is 
characteristic  of  the  rhaitic  beds.” 

“  This  smaller  form  the  Mangli  beds  have  in  common  with  the  Panchet  group.” 


»  Mem.  G.  S.  I.,  Vol.  XIII,  p.  71. 

’  Q.  J.  G.  S.,  Vol.  XVII,  1861,  p.  340. 

’  Verh.  K.  K.  Geol.  Eeichsanst.  Wien.,  No.  2,  1877,  p.  43. 
*  Rec.  G.  S.  I.,  Vol.  X,  p.  27. 
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Tlie  following  extract* *  from  Professor  Rupert  Jones’  own  paper  “on  Fossil 
EstteriiB  and  their  Distribution”  will  show  whether  the  smaller  form  was  or  was 
not  described : — 

“7.  Estheria  Mangaliensis,  Jones.  At  Mangali  in  Central  India,  about  sixty  miles  south  of 
Nagpur,  the  Key.  Messrs.  S.  Hislop  and  E.  Hunter  discovered  in  1853  a  fossiliferous,  brick  rod, 
laminated  sandstone,  which  contains  remains  of  plants,  of  Ganoid  fishes,  and  of  Labyrinthodont 
reptiles  (Brachi/ops  latieepg,  Owen.)  and  wdde-spread,  thin  layers  of  Esthcrice.  These,  though 
of  various  sizes  and  somewhat  diferent  outlines,  are  all  referable  to  one  species,  conditions  of 
grorvth  being  sufiBcient,  in  ray  opinion,  to  account  for  all  the  seeming  varieties.  This  Estheria 
{E.  Mangaliensis)  is  not  without  close  alliances  (so  far  as  the  carapace  is  concerned)  to  other 
species,  fossil  and  recent,  as  is  generally  the  case;  but  it  gives  no  direct  evidence  as  to  its 
geological  horvton.  ....... 

“  •  .  .  .  Another  locality  for  Estherim  in  Indian  strata  of  appro-ximately  tho  same  age 

has  been  found  by  Mr.  W.  T.  Blauford  ne.ar  Pacheet  iu  Beng.al.  Dr.  T.  Oldham  kindly  sent 
me  a  sample  of  this  Esthcrian  shale ;  but  I  cannot  say  more  than  that  this  Estherih  seems  to  be 
the  same  as  the  smaller  specimens  f  rom  Mangali.” 

I  have  distinguished  three  sentences  with  italics,  and  it  is  quite  unneces.sary 
to  show  how  completely  they  disprove  Dr.  Feistmantel’s  supposition  that  the 
smaller  form  was  not  described,  and  that  Professsor  Rupert  Jones  considered  the 
beds  rhastic.  Dr.  Feistmantel  was  probably  not  acquainted  with  Professor  Rupert 
Jones’  paper  in  the  “  Quarterly  Journal,  ”  but  in  the  monograph  of  Estherim 
published  by  the  Palseontographical  Society,  and  quoted  by  Dr.  Feistmantel,  the 
dimensions  of  several  specimens  of  E.  Mangaliensis  are  given,  varying  in  their 
longest  diameter  from  less  than  ^  to  of  an  inch,  and  instead  of  there  being 
on  the  plates  “  several  figures,  which  all  indicate  the  larger  form,  ”  of  the  five 
views  of  the  whole  carapace,  one  only,  fig.  16,  represents  the  larger  form,  three 
figures,  21,  22,  and  23  represent  the  smaller  form,  and  one  figure,  20,  is  inter¬ 
mediate  in  size.  All  these  figures  are  on  the  same  scale,  being  magnified  six 
diameters,  so  that  the  distinction  is  manifest  at  a  glance. 

I  ought  to  add  that  both  Mr.  Hislop  ®  and  I  *  fell  into  the  error  of  supposing 
that  two  species  of  Estheria  occurred  at  Mangli,  before  Profe.ssor  Rupert  Jones’ 
description  was  pnbli.shcd,  and  I  find  that  I  repeated  the  suggestion  that  there 
were  more  than  one  in  a  later  papor.^  It  is  only  fair  to  myself  to  say  that  the 
last  paper  was  not  originally  intended  for  publication,  and  that  it  was  printed 
in  my  absence.  Moreover,  the  subject  was  only  mentioned  incidentally  in  a 
brief  geological  description  of  the  locality,  and  I  did  not,  like  Dr.  Feistmantel, 
attempt  to  discuss  the  relations  of  the  species. 

I  do  not  think  there  can  bo  any  question  that  the  Estherim  examined  by 
both  Professor  Rupert  Jones  and  Dr.  Feistmantel  were  identical.  Both  had 
some  of  the  original  specimens  obtained  by  Mr.  Hislop ;  and  those  collected  by 


>  Q.  J.  G.  S.,  1863,  Vol.  XIX,  p.  149. 

^  Pal.  Soc.,  Foss.  Estli.,  PI.  II. 

^  Jour.  Bombay  Br.  H.  A.  S.,  Vol.  VI,  pp.  201,  203. 

^  Mem.  G.  S.  I.,  Vol.  Ill,  p.  134, 

*  Bee.  G.  S.  I.,  Vol.  I,  p.  65.  The  words  were  “Estherias  (of  two  species  apparently) 
abound.^* 
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myself,  and  now  in  the  Survey  collection,  came,  I  believe,  from  the  same  quarry. 
These  Bstherice  are  extremely  abundant  at  the  spot,  and  both  the  larger  and 
smaller  forms  are  foiind  in  profusion. 

Of  course,  I  do  not  mean  for  a  moment  to  assert  that  Professor  Rupert  J ones 
is  infallible.  Ho  may  be  wrong,  and  Dr.  Feistmantel  may  be  right.  But  consider¬ 
ing  that  there  is  scarcely  any  constant  difference  in  size  or  form  between  Pstheria 
minuta  var.  Brodieana,  and  the  smaller  variety  of  E.  Mcmgaliemis,  and  that  the 
only  essential  distinction  appears  to  be  in  the  microscopical  structure  of  the 
carapace,  I  am  myself  disposed  to  think  it  moi'o  probable  that  Professor  Rupert 
Jones  was  right  in  the  identification  of  the  small  Mangli  Estheo-ia,  because  he 
had  studied  the  whole  genus,  and  figui’cd  the  vaiious  forms  with  their  microscopical 
structure,  whilst  Dr.  Feistmantel  had  only  a  few  forms  for  comparison,  and  has 
omitted  all  mention  of  microscopical  structure,  which,  I  beheve,  he  has  not 
examined  with  anything  more  powerful  than  a  pocket  lens. 

The  statement  that  “Mr.  Jones  considered  these  beds,  for  certain  reasons,  as 
rhrotic”  may  be  compared  with  the  extract  from  Mr.  Jones’  own  paper.  It  is 
true  that  he  suggested  that  the  beds  might  be  triassic  or  rhtetic,  but  the  state¬ 
ment  was  never  made  in  the  unq-ualified  manner  in  which  it  is  quoted.*  Mr. 
Hislop,  certainly,  in  his  last  letters,^  as  quoted  by  Dr.  Feistmantel,  expressed  an 
opinion  that  the  Mangli  beds  “  lie  above  the  coal  strata,  ”  and  in  one  sense  he  was 
right,  for  the  Kamthi  beds,  to  which,  as  I  will  show  presently,  the  Mangli  beds 
clearly  belong,  are  higher  than  the  Barakars,  the  coal-bearing  group  of  the 
Central  Provinces,  biit  in  the  very  same  sentence  he  writes  of  the  Korhadi  shales, 
which  are  Talchir  beds,  and  consequently  at  the  base  of  the  whole  Gondwaua 
system,  being  also  above  the  Umret  coal  (Bai4kar).  It  is  scarcely  fair  to 
Mr.  Hislop,  and  it  is  most  unfair  to  Mr.  Hughes,  to  quote  the  views  of  the  former, 
expressed  before  any  thorough  examination  of  the  eountiy  had  been  made,  in 
op|)osition  to  those  of  Mr.  Hughes,  who  has  mapped  the  whole  district  closely. 

With  regard  to  BracMops  latkeps,  Dr.  Feistmantel  is  quite  correct  in  saying 
that  Labyrinthodonts  occur  in  the  European  Keuper,  and,  he  might  have  added, 
in  the  rhsetic  and  jurassic  also.  The  nearest  allies  of  BracMops^  la-e  MicrojjJiut.ix 
Stow'd  from  the  Beaufort  beds  of  the  Karoo  series  in  South  Africa,  Bhinosmirus 
JasiJcovii  from  the  Russian  oolite  and  Bothriceps  Australis  from  unknown  rocks 
in  Australia.  The  first  named  is  more  closely  allied  than  the  others,  and  it  occurs 
in  the  same  beds  with  the  Bicynodoniia,  Theriodontia  and  other  South  African 
fossil  reptiles.  The  connexion  is  of  small  value  as  an  indication  of  age,  but 
important  as  showing  the  relations  of  the  Indian  Gondwana  fauna  with  the 
ancient  life  of  South  Africa  and  Australia. 


>  At  p.  81  of  the  monograiih  Professor  Jones  certainly  says  that  he  ventures  still  to  regard 
these  beds  as  belonging  to  the  rhajtic  formation,  but  in  the  table  shewing  distribution  opposite 
p.  114,  referring  to  the  species  classed  as  rlnetic,  he  rvrites,  “  The  adoption  of  this  stage  for  the 
ILstherlcE  from  India  and  America  is  merely  provisional ;  they  may  be  triassic. 

^  Q.  J,  G.  S.,  Vol.  XX,  1864,  p.  282. 

2  Q.  J.  G.  S.,  1859,  p.  642,— Uepts.  Brit.  As.  1874,  pp.  150,  160. 
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The  Rstheria  from  Kawarsa. — Having  thus  far  treated  the  purely  pateonto- 
logical  affinities  of  the  Mangli  beds,  I  will,  before  proceeding  to  the  geological 
argument,  advert  to  the  Kawarsa  Edlieria.  After  a  few  notes  on  the  JEstheria 
from  the  Panchets,  which  Dr.  Feistmantel  says  “  is  certainly  identical  with  the 
smaller  form  of  Estheria  in  the  Mangli  beds,  mentioned  as  Estlierki  minuta,  var. 
Brodieana,  Jon.,”  ^  he  proceeds  to  discuss  the  occm’rence  of  apparently  the  same 
crustacean  at  Kawarsa.  The  following  arc  extracts  from  the  account  given  ^ ; — . 

“  The  Kawarsa  beds  occur  near  the  southern  “  marijin  of  the  basin,  and  Mr.  Hughes  speaks  of 
them  as  several  hundred  feet  from  the  base  of  the  series.  Tliey  have  yielded  some  broken  plant- 
remains  and  Estheria. 

“  a, — An  Equisetacemts  stalk,  pretty  distinct ;  it  belongs  to  that  group  of  forms  which  gener¬ 
ally  arc  termed  Fhyllotheca . 

"  h. — A  fragment  of  an  oblongly  lanceolate  leaflet,  with  marked  ribs,  which  might  belong  to 
Schizoneura,  Schirap. 

“  c. — Some  broken  specimens  of  Glossopteris  occur  very  rarely  in  comparison  with  those  so 
richly  represented  leaves  at  Nagpur,  and  elsewhere  in  the  Dainudas;  and  I  have  no 
doubt  that  these  beds,  near  Kawarsa,  are  younger  than  all  the  real  Uamudas,  including 
the  Kamthi  Ranigauj  group. 

“  To  this  indication  now  is  to  be  added  the  occurrence  of  Esther  ia,  which  is  certainly  identical 
with  that  in  the  Panchet  group,  the  state  of  preservation  and  the  size  and  form'’  being  identical ; 
and  is  therefore  to  be  considered  as  very  likely  Estheria  minuta  var.  Brodieana  Jon. 

“  From  the  occurrence  of  the  Estheria,  an  animal  fossil  which  is  still  so  frequent  in  the 
Mangli  beds  and  in  the  Panchet  group,  and  from  the  scarcity  of  phants  altogether  ®  and  from  the 
state  of  the  rock,  it  would,  I  think,  follow  that  the  locality  at  Kawarsa  is  scarcely  to  be  considered 
as  representative  of  any  group  of  the  real  Damuda  beds,  the  fossils  of  which  are  everywhere  so 
difEerent  from  tho.se  both  of  the  Mangli  and  the  Kawarsa  beds  ?  ” 

Contrast  with  the  last  passage  and  with  the  above  list  of  plants  the  following 
list  ®  of  the  same  plants  from  Kawarsa  as  supplied  by  Dr.  Feistmantel  himself  to 
Mr.  Hughes,  and  published  by  the  latter : — 

“  1.  Fhyllotheca  Indica,  Bunb.  Established  by  Bunbury  as  an  Indian  type.  It  is  one  of 
the  Equisetaceie  of  the  genus  Calamites  (Suckow)  and  reminds  one  of  Calamiles 


’  Dr.  Feistmantel  adds,  “  I  compared  specimens  from  both  localities,  and  I  could  not  find  any 
difference.”  This  had  been  done  befoi-e  by  Professor  Rupert  Jones  (Q,  J.  G.  S.,  Vol  XIX,  p.  149), 
Mr.  Ilislop  (Join-.  Bom.  Br.  R.  A.  S.,  Vol.  VI,  p.  201)  and  myself  (Mem.  G.  S.  I.,  Vol.  Ill,  p.  134, 
with  the  same  result,  but,  as  was  pointed  out  by  Professor  Jones,  the  condition  of  the  Panchet 
species  is  such  as  to  prevent  the  identification  from  being  certain. 

^  Rec.  G.  S.  I.,  Vol.  X,  p.  28. 

®  South-west  mai-gin  would  be  more  correct. 

■*  The  value  of  size  and  form  in  determining  species  of  Estheria  will  have  been  seen  from  the 
details  already  given  as  to  the  differences  between  E.  Mangaliensis  and  E.  minuta  var.  Brodieana. 
I  do  not  understand  how  the  “  state  of  preservation”  in  fossils  can  be  employed  as  a  means  of 
identification. 

®  This  is  another  argument  which  could  not  be  used  by  any  one  having  a  knowledge  of  the 
rocks  in  the  field,  for  the  Kamthi  group  is  remarkable  for  the  paucity  of  organic  remains.  Surely, 
too,  Mr.  Hughes  and  1,  who  examined  the  beds  at  Kawarsa,  are  better  qualified  to  judge  of  the 
“  state  of  the  rock”  and  its  bearing  upon  the  relations  of  the  beds  than  Dr,  Feistmantel  is  from  the 
examination  of  half  a  dozen  cabinet  specimens  derived  from  a  single  bed. 

“  Mem.  G.  S.  1.,  Vol.  XIII,  p.  70. 
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arenaceus,  Jager.  It  might  iierhnps  be  considoreil  as  only  the  stalk  of  ScUzoiieura 
Schimp. 

“  2.  SoJinotieum,  Schimp.  fragments. 

“3.  Glossopteris  Indica,  Schimp.  (G hssopteris  Browniana,  var.  Indka,  Bg-t.),  a  piece  of  a 
large  leaf  with  large  reticulations. 

“4.  Glossopieris  Browniana,  var.  Attsiralasica,  Ttgt.  Some  smaller  leaves  than  the  above 
may  he  deteimined  as  being  of  this  species.” 

Surely  the  species  quoted  are  well  knowu  and  characteristic  Damuda  fossils, 
bat  oven  if  the  specific  identity  be  not  certainly  determined,  what  can  be  the 
meaning  of  the  statement  that  the  fossils  of  “  the  real  Uamuda  beds  are  every¬ 
where  so  different  ”  from  those  of  the  Kawarsa  beds  ?  All  of  the  species  named 
are  found  either  in  the  typical  Kamthi  beds  near  Nagpur,  or  in  the  Damuda 
rocks  of  Bengal. 

In  another  paper  Dr.  Feistmantel  writes  thus,'  adverting  to  the  occurrence  of 
Glossopieris  fronds  in  a  fragmentary  condition  amongst  the  Panchet  btsds — 

“  This  manner  of  preservation  resembles  that  in  the  Kawarsa  beds  of  the  Chanda  district, 
whore  Glossopieris  occurs  also  in  a  very  fragmentary  state,  and  again  as-sociated  with  Bstheria 
(the  form  as  in  the  Panchets  and  in  the  Mangli  beds).  In  my  note  on  the  Bstlirria  beds  in  India 
I  have  already  pointed  this  out,  and  I  repjcat  again  that  the  Kawarsa  beds  veiy  likely  are  on  the 
horizon  of  the  Panchets  in  Bengal. 

This  can  only  mean  that  the  fragmentary  oecuiTonco  of  Glossopieris  fronds 
indicates  contemporaneous  deposition  !  Fragments  of  leaves  are  the  rule  in  all 
plant-bearing  formations,  so  far  as  my  experience  goes,  but  no  collector  bring.s 
them  away  w'hen  he  can  obtain  more  perfect  specimens. 

The  value  of  the  observation  as  to  the  rarity  of  occurrence  of  Glossopieris 
at  Kawarsa  will  be  best  appreciated  in  connexion  wdth  the  fact  that  Dr.  Fei.st- 
mantol  has  never  visited  the  locality  and  has  scon  only  about  half  a  dozen  specimens . 

I  am  sorry  to  be  obliged  to  cxpo.se  in  this  manner  the  value  of  the  arguments 
put  forward,  but  leaving  them  without  answer  has  already  done  mischief,  and 
it  is  necessary  to  show  the  kind  of  data  upon  which  Dr.  Foistmautol  bases  his 
conclusions  in  thus  case.  His  reason  for  arguing  that  the  Kawarsa  beds  are  not 
Damudas  arc  probably  the  following.  Learning  that  Dr.  Goinitz  had  found  an 
Esthoria,  apparently  identical  with  E.  Man(/aliensis,  in  some  bod.s  said  to  bo  of 
rhaitic  age  in  America,  Dr.  Feistmantel  appears  to  have  concluded  rather  hastily 
that  the  Mangli  beds  were  of  the  same  age,  and  as  this  view  received  some  support 
from  Professor  Rupert  Jones’  original  remai'ks,  it  was  accepted.  The  oceurrenc(! 
of  the  Mangli  Estheria  with  characteristically  Damuda  plants  at  Kawai’.sa  was  a 
difficulty,  and  hence  the  very  curious  arguments  which  were  cmploy^ed  to  make 
out  that  these  Damuda  plants  prove  that  the  beds  in  w'hich  they  occur  are 
not  of  Damuda  age.  Of  course  the  circumstance  that  one  form  of  the  Mangli 
Estheria  occurs  with  Damuda  plants  about  30  miles  away  at  Kawarsa  is  of  vastly 
greater  importance  in  determining  the  relations  of  the  Mangli  beds  than  the 
existence  of  the  same  Estheria  with  rha'tic  plants  in  South  America. 


“  Roc.  G.  ,S.  I.,  Vol.  X,  p.  139. 


130 


Records  of  the  Geological  Survey  of  India. 


[voi..  XI. 


There  is  one  more  point  to  notice.  I  cannot  agree  with  Ur.  h’eistmantel’s  opi¬ 
nion  that  “Rstheria  has  hitherto  been  neglected  in  India  in  the  discrimination  of 
horizons,  ”  ^  and  I  think  this  is  a  fair  instance  of  the  manner  in  which  Dr. 
Peistmantel  often  writes  of  all  who  have  preceded  him.  Whether  he  intends  in 
this  case  to  charge  his  colleagues  and  Mr.  Hislop  with  neglect  or  not  is  not 
the  point  at  issue.  I  do  not  accuse  him  of  intentional  injustice ;  I  simply  question 
the  accuracy  of  his  statement.  All  the  fossil  species  of  Rstheria  hitherto  found 
in  India  have  been  described  and  figured,  and  if  this  has  not  been  done  “in  India” 
surely  Anglo-Indians  are  not  to  be  blamed  because  they  send  fossils  for  descrip¬ 
tion  to  competent  naturalists  in  Europe.  Every  known  discovery  of  Estheria  in 
the  Gondwana  beds,  either  by  Mr.  Hislop  or  the  Survey,  has  been  noticed  in  print, 
nor  is  there  a  single  occurrence  noted  by  Dr.  Feistmantel  which  had  not  been 
previously  recorded.  Why,  then,  are  we  charged  with  neglect  ?  The  evidence  I 
have  given  above  will  enable  any  one  to  compare  Dr.  Feistmantel’s  use  of 
Estheria  with  the  previous  “  neglect,  ”  and  to  determine  which  course  is  most  in 
accordance  with  scientific  truth. 

Geological  evidence. — Thus  far  I  have  treated  the  question  of  the  pateontologi- 
cal  relations  of  the  Mangli  beds,  my  object  being  to  shew  how  untenable 
Dr.  Feistmantel’s  views  are.  But  it  must  not  be  forgotten  that  these  views  were 
opposed  to  Mr.  Hughes’  and  my  own,  founded  upon  geological  evidence.  As  my 
own  examination  of  the  rocks  was  only  preliminary,  I  depend  chiefly  upon  Mr. 
Hughes,  w'ho  has  examined  the  whole  of  the  Wardha  coal-field  in  detail.  I  have 
accepted  Mr.  Hughes’  views  when  they  differ  from  my  own  in  the  case  of  the 
Maleri  beds,  so  it  is  not  merely  because  our  opinions  coincide  as  to  the  M4ngli 
beds  that  I  quote  ray  colleague’s  determinations,  but  solely  because  he  had  fuller 
opportunities  for  coming  to  a  decided  conclusion. 

Mr.  Hughes’  ®  views  as  to  the  beds  of  Mangli  are,  I  think,  perfectly  clear.  He 
does  not  express  any  doubt  as  to  the  position  of  the  strata ;  he  places  them  amongst 
the  typical  Kamthi  beds,  and  estimates  that  they  are  about  700  feet  above  the 
base  of  the  group.  It  is  true  that  no  higher  beds  than  the  Mangli  beds  are  seen 
in  the  immediate  neighbourhood,  because  the  Deccan  traps  rest  unconformably 
on  the  Gondwfmas  close  by,  but  there  are  higher  Kamthi  beds  elsewhere.  A  few 
pages  farther  “the  occurrence  of  red  argillaceous  shales,  like  those  of  Mangli,  is  noted 
north-east  of  Balar  hill,  near  Wun,  and  Mr.  Hughes  remarks  that  as  they  should 
not  be  more  than  400  feet  above  the  coal-measures,  the  horizon  assigned  to  the 
Mangli  beds  is  probably  not  too  low.  This,  of  course,  implies  that  the  Mangli  beds 
are  probably  the  equivalents  of  those  seen  near  Balar  hill.  Now,  the  Kawarsa  and 
Punwat  beds  are  nearly  on  the  strike  of  these  beds  north-east  of  Balar  hill,  and 
therefore  presumably  on  nearly  the  same  horizon  as  the  Mangli  beds,  the  rock  con¬ 
taining  Estheria;  Punwat*  resembling  the  Mangli  shale  in  mineral  character. 
But  above  the  beds  at  Kawarsa  and  Punwat  are  all  the  sandstones  of  Malargarh 
hiO,  which  are  characteristically  Kamthi.  There  is  no  part  of  the  Wardha  field 


>  Kec.  O.  S.  1.,  Vol.  X,  p.  30. 
Mem.  G.  8.  I.,  Vol.  XITI,  p.  71. 
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in  which  the  geology  is  clearer  than  in  this  ground,  and  there  cannot,  I  think,  he 
any  reasonable  doubt  that,  so  far  from  the  Kawarsa  beds  being  higher  than  the 
K^mthis,  they  are  clearly  intercalated  in  the  group,  and  are  much  nearer  to  the 
base  than  to  the  top.  I  have  examined  the  ground  more  than  once,  and  my  prelimi¬ 
nary  map  agrees  with  Mr.  Hughes’  finished  survey.  I  cannot  see  how  there  can  be 
any  reasonable  question  that  both  the  Kawarsa  beds  and  the  Mangli  beds  are 
typical  Kamthis.  I  am  aware  that  this  is  not  stated  so  emphatically  and  clearly 
by  Mr.  Hughes,  but  he  could  scarcely  have  anticipated  that  his  opinions  w'ould 
be  disputed  in  the  publications  of  the  Survey  by  one  who  had  never  seen  the 
ground,  and  who  depended  upon  such  paleontological  arguments  as  those  I  have 
just  exposed. 

Flora  of  the  Bamuda  series. — I  have  already  in  the  first  part  of  this  paper 
dealt  at  sufficient  length  with  the  evidence  brought  forward  by  Dr.  Peistmantel 
to  shew  that  the  Damuda  flora  is  characteristically  mesozoic.  That  the  generic 
relations  of  this  flora  are  mesozoic  rather  than  paleeozoic ;  that  there  is  an  almost 
total  want  in  the  Damudas  of  the  characteristic  forms  found  in  such  abundance 
in  the  European  coal-measures ;  that  Lepidodeiidron,  Sigillaria  and  a  host  of  other 
carboniferous  types  are  absent ;  and  that  their  place  is  taken  by  plants  more  nearly 
affined  to  mesozoic  forms,  have  been  admitted  by  everybody,  but  precisely  the  same 
is  true  of  the  flora  intercalated  with  beds  containing  typical  carboniferous  marine 
fossils  in  Australia.  The  fact  that  the  Damuda  flora  consists  mainly  of  ferns  and 
EquiseiacecB,  and  the  very  subordinate  part  played  in  these  beds  by  cycads  and 
conifers  are  palaeozoic  characters,  although  they  are  quite  insufficient  alone  to 
prove  that  the  beds  are  palaeozoic.  My  object  in  the  present  instance,  as  in  my 
last  paper,  is  not  to  prove  the  Damudas  palaeozoic,  but  to  vindicate  Dr.  Oldham 
and  his  colleagues  of  the  Survey  from  Dr.  Feistmantel’s  attacks,  and  to  show  that 
their  opinion,  that  the  Damuda  flora  has  little  or  no  connexion  with  any  knowm 
European  fossil  flora,  and  that  the  former  is  much  more  nearly  related  to  the  coal 
flora  of  Australia,  is  more  correct  than  Dr.  Feistmantel’s.  The  estimate  of  the 
relations  of  the  Damuda  flora  depends  upon  two  distinct  questions — 

1.  Is  the  Damuda  flora  more  nearly  affined  to  any  European  fossil  flora 

than  it  is  to  that  found  in  certain  Australian  beds  ? 

2.  What  are  the  relations,  geological  and  palaeontological,  of  those  Austra¬ 

lian  beds  ? 

I  have  already  stated  the  facts  as  they  were  known  to  me,*  but  I  find  I  have 
omitted  several  items  of  importance  in  relation  to  the  Australian  beds.  In  con¬ 
sequence  of  these  omissions.  Dr.  Feistmantel’s  reply  appears  stronger  than  it 
really  is. 

I  write  under  correction,  and  with  a  full  sense  that  I  am  dealing  with  a  sub¬ 
ject  of  which  I  am  not  a  master,  but  merely  a  student,  but  still  I  think  that  the 
plan  adopted  by  Dr.  Feistmantel  to  prove  the  Damudas  mesozoic  involves  a  fatal 
error.  From  the  whole  of  the  Damuda  flora  he  takes  a  plant  here  and  a  plant 
there,  shows  that  it  is  related,  now  to  a  triassic,  now  to  a  rhaetic,  now  to  a  juras* 


*  Rec.  G.  S.  I.,  Vol,  IX,  pp.  82.  &c. 
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sic  European  species,  and  then  lie  points  out  that  the  sum  of  these  relations 
exceeds  the  connexion  which  exists  between  the  Damuda  flora  and  that  found 
in  the  Australian  beds.  But  the  Australian  flora  with  which  comparison  is  made 
i.s  confined  to  one  group  of  rocks  and  has  been  but  imperfectly  investigated  ; 
whilst  against  the  identifications  and  assimilations  with  this  one  poor  assemblage 
of  plants,  consisting  of  only  about  twenty  fairly  known  species,  there  is  urged  every 
possible  connection  which  can  be  detected  between  Damuda  plants  and  those 
fouud  in  all  the  various  widely  exposed  floras  of  Europe  between  cretaceous  and 
permian.  Even  under  these  conditions,  I  doubt  if  Dr.  Feistmantel  has  proved 
his  case.  That  the  Damuda  flora  has  a  mesozoic  facies  is  no  new  discovery ;  the 
fact  has  been  admitted,  I  believe,  by  evoi’y  writer  on  the  subjeet,  whatever  his 
opinions  as  to  the  age  of  the  beds,  and  the  same  is  notoriously  the  case  with  the 
Australian  Newcastle  flora,  but  I  do  not  think  that  either  the  age  or  homotaxis 
of  a  group  of  rocks  can  be  determined  by  comparing  the  flora  with  several  distinct 
assemblages  of  plants  of  varying  age,  so  well  as  by  showing  the  connexion  with 
the  species  found  in  one  defined  gi’oup. 

Relations  of  Damuda  flora  to  JEm-opean  trias  and  Australian  heds  respectively. — 
To  show  the  views  I  have  to  answer  I  make  a  few  extracts  from  Dr.  Feistmantel’s 
later  papers,  those  wi’itton  since  my  own  appeared — 

“The  affinities  of  our  Damuda  flora  witli  that  of  the  mesozoic  epoch  and  especially  of  the 
triassic  formation  ai-e  overwhelming.  • 

“We  have  in  all  the  spccisd  collections  nnmistateablo  evidence  for  the  supposition  of  M. 
llunhury  as  to  the  mesozoic,  and,  as  I  add,  triassic  age  of  the  Damuda  flora. 

“Already  in  the  old  collections  from  Uaniganj  there  were  proofs  enough  !”  ^ 

[  That  is  before  the  discovery  of  the  Karharbari  fossils.  The  remainder  of 
the  sentence  has  already  been  discussed.] 

“  The  Damuda  flora  exhibits  itself  quite  decidedly  as  mesozoic  and  most  naturally  as  of  triassic 
age.  * 

“  We  know  that  the  Panchet  grouii  overlies  immediately  the  Raniganj  group,  which  itself  is 
Lower  Triassic.'’ 

“  I  have  also  shown  that  the  Damuda  are  Lower  Triassic.”  ^ 

And  in  various  tables  showing  the  relations  of  the  Gondwana  groups  to  Euro¬ 
pean  strata  the  Damuda  series  is  always  classed  by  Dr.  Feistmantel  in  accordance 
with  his  original  determination  as  the  equivalent  of  the  Bunter  (lower  trias).® 

Some  Karharbari  plants  are  doubtless  allied  to  Bunter  species,  and  Dr.  Feist- 
mantel  was  perfectly  right  in  including  these  forms  in  the  Damuda  flora,  because 


’  Roc.  G.  S.  L,  Vol.  IX,  p.  117. 
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the  Karharbari  beds  had  always  been  classed  by  the  Survey  as  lower  Damudas 
until  the  plant-remains  were  examined.  I  shall,  however,  show  presently  that  the 
Karbarb^iri  beds  must  be  separated  from  the  true  Damudas.  One  of  the  extracts 
]  have  above  quoted  shows  that  Dr.  Peistmantel  considers  that  the  relations  of 
the  Damuda  flora  to  that  of  the  European  trias  is  well  marked,  independently  of 
the  Karharbari  plants. 

It  is  as  well  here  before  turning  to  the  connexion  between  the  Damudas  and 
the  Australian  rocks  to  recapitulate  the  succession  in  descending  order  of  the 
New  South  Wales  beds  as  given  by  Mr.  Clarke  and  Mr.  Wilkinson.  i  Dr.  Feist- 
mantel’s  classification  I  will  dispose  of  hereafter.  The  following  is  the  succes¬ 
sion  : — 


1.  Wyaiiamattfi  beds. 

2.  Hawkesbury  beds. 

3.  Upper  coal  measures,  or  Newcastle,  Wollongonsr,  and  Bowciifels  series. 

4.  Low'er  coal  measures  associated  with  marine  beds. 

5.  Lepidodendron  beds  (Devonian). 

Dr.  Feistmantel  in  the  paper  to  which  I  am  especially  replying  admits  a  cer¬ 
tain  connection  between  the  Damuda  flora  and  that  of  the  upper  coal  measures 
of  Australia.  Yet  he  writes — in  this  case  referring  to  the  upper  coal  measures 
No.3— 

“  Thus  it  seems  that  the  evidence  of  a  connection  with  the  Australian  coal  measures  is  very 
weak,  while  the  fossils  enumerated  as  common  with  European  Trias  are  unmistakeably  identical.” 

It  is  only  fair  to  say  that  the  most  of  Dr.  Feistmantel ’s  remarks  on  the  dissi¬ 
milarity  of  the  Damuda  and  Australian  floras  refer  to  the  lower  coal  measures  of 
Australia,  and  to  these  I  will  proceed  presently.  I  am  how'ever,  I  believe,  stating 
his  views  fairly  when  I  conclude  that  he  considers  the  connexion  between  the 
Damuda  flora  and  that  of  the  European  lower  triassic  rocks  stronger  than  that 
which  unites  the  Damudas  with  the  upper  coal  measures  of  Austi’alia.  To  show 
how  far  this  view  is  tenable,  I  place  in  parallel  columns  (I)  Dr.  Peistmantel’s 
own  list  of  Damuda  plants,®  minus  the  Karharbari  forms  which  are  not  known 
to  occur  in  true  Damuda  rock.s,  (2)  Schimper’s  list  of  Bunter  (tower  triassic) 
plants,"*  and  (3)  the  list  of  Australian  species  fi’om  the  upper  coal  measures  ob¬ 
tained  by  adding  together  the  names  given  by  McCoy,  Morris,  and  Dana.® 


*  Q.  J.  G.  S.,  1861,  Vol.  XVII,  p.  358.  “Mines  and  Mineral  Statistic.s  of  New  South 
Wales,”  Sydney,  1875,  p.  128. 

^  Roc.  G.  S.  I.,  Vol.  IX,  p.  122.  Only  one  species,  VoUda  heteropTiylla,  has  been  shown  to  be 
specifically  identical  with  a  European  plant.  T'oU’iia  acutifolia  is,  I  understand,  a  synonym  of 
V.  heterophylla,  and  the  connexion  in  other  species  is  merely  generic. 

“  Rec.  G.  S.  1.,  Vol.  IX,  pp.  119-121,  and  suhscfiuent  additions. 

•'  Traite  do  Paldontoh.gio  Vegetale,  Vol.  Ill,  p.  645. 

®  Q.  .T.  G.  S,,  1861,  p,  359. 
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BUNTER  {Europe). 


Equisetace®. 
Eqidsetum  MougeoUi. 
E.  Brogniarti. 
*Schhoneura  paradoxa. 


Eilices. 

Neuropieris  grandij olium. 
N.  Voltzii. 

N.  intermedium. 

N.  elegans. 

EecopUris  Sultziana. 
Crematopteris  tgpica. 
Anomopteris  Mougeotii. 
(Sphalopteris,  Mougeotii) 
stem. 

(Chelopteris  Vogesiaca) 
stem. 

{C.  Voltzii)  stem. 

(C.  micropeltis)  stem. 
{Cgatheopteris  tessellata) 
stem. 

{Baihypteris  Lesangeand) 
stem. 

(Caulopteris  I  Maraschi- 
niana)  stem. 

(C.  ?  Lceliana)  stem. 

{C.  Festariana)  stem. 


Cycadeace.®. 
Eterophyllum  Hogardi. 
Zamites  Vogesiacus. 


UAMUDA. 


Equisetace®. 
*Scliizoneura  Gondwanensis. 
Splienophyllum  speciosum  {v. 
trizygia). 

\ Phxjllotheca  Indica. 
t  Vertehraria  Indica. 

PiLICES. 

Actinopteris  Bengalensis. 
Sphenopteris  polymorpha. 

8.  (Bichsonia),  sp. 
^Aletliopteris  Lindleyana. 
t.<4.  conf.  Whiibyensis. 

A.  phegopteroides. 

Tceniopteris  (Angiopteridiu m) , 
sp. 

T.  (Macrotmniopteris)  dance- 
oides. 

T.  {M)  Feddeni. 
Palaovittaria  Eurzi. 
\Glossopteris  Browniana. 

■fG.  Indica. 
t6r.  communis. 
fO.  angiistifolia. 
fG.  leptoneura. 
fG.  muscefolia. 
fG.  stricta. 

fCr.  several  other  species. 
Sagenopteris  pedunculata. 

8.  polyphylla. 

Gamgamopteris  Whittyana. 

G.  Hugkesi. 

Belemnopicris  Wood-Masoni- 
ana. 


Cycadeace®. 
■\NoeggeratMa  Eislopi. 

N.  ,  sp. 

PteropJiyllum  Burdtvancnse. 


NEWCASTLE  BEDS  {Aus- 
tralia). 

Aeg®  ? 
{Anarthrocanna.) 
(Cystoserites.) 

(Confervites  tenella.) 

Equisetace®. 

P hyU otJieca  Australis. 

(P.  ramosa.) 

(P.  Hookeri.) 
f  Vertehraria  Australis. 


Eilices. 

Sphenopteris  lobifolia. 
f/S.  alata,  vai'.  exilis. 

8.  hastata. 

8.  Germani. 

8.  plumosa. 

8.  fiexuosa. 

^Alethopteris  Australis. 
Pecopteris?  odontopter  aides. 
Otopteris  ovata. 
^Glossopteris  Browniana. 
fG.  linearis. 
fG.  ampla. 
t<y.  reticulum. 
fG.  elongata. 

G.  cordaia. 

fG.  several  other  species. 
Gangamopteris  ( Cyclopteris) 
angustifolia. 


Cycadeace®. 

Noeggerathia  {Zeugophyl- 
lites)  elongata. 
fN.  spatulata. 

N,  media. 
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Voltzia  heteropliylla. 

{V.  acut folia). 

Alhertia  latifolia. 

A.  Brauni. 

A.  elliptica. 

A.  speciosa. 

A.  SchaurotMana. 

Taxifes  ?  Massalongi 

T.  ?  Vicentinus. 

Monocottledones. 

Yuccites  Vogesiacus. 

(Spirangium  regulave — 

fruit  only.) 

CEihopJiyllnm  speeiosum. 

AH.  stipulare. 

AH.  Foetterleannm. 

In  tlie  above  lists  names  placed  between  parentheses  may  be  neglected ;  they 
are  either  too  obscure  for  recognition,  or  synonymous,  or  else  founded  solely  on 
parts  of  the  plant,  such  as  stems  or  the  fruit  alone,  which  cannot  he  fairly'  com¬ 
pared.  Species  representing  each  other  in  the  Bunter  and  Damuda  flora  are  marked 
with  an  asteri.sk  (*),  allied  forms  in  the  Damuda  and  Australian  flora  with  a 
dagger  (f).  It  is  possible  that  some  of  the  Australian  species  of  Sphenopteris  and 
Glossopteris  should  have  been  omitted,  as  they  are  not  sufficiently  defined  for  their 
relations  to  be  known, ^  but  I  wish  to  jDlace  the  whole  evidence,  so  far  as  I  am 
acquainted  with  it,  before  my  readers.  Doubtless,  too,  some  species  have  been 
added  to  the  Bunter  floini  since  Schimper’s  work  was  published,  and  some  recti¬ 
fications  may  have  been  introduced. 

The  above  lists,  moreover,  are  not  in  all  cases  fairly  comparable,  the 
Bunter  flora  of  Euroj^e  and  the  Damuda  flora  of  India  having  been  far  better 
explored  than  that  of  Australia.  Moreover,  we  may  be  sure  that  any  point  of 
resemblance,  however  slight,  between  the  Bunter  and  the  Damuda  flora  has 
been  noticed  by  Dr.  Feistmantel,  whilst  it  is  far  from  equally  certain  that  the  full 
connexion  between  the  Damuda  and  Australian  floras  has  been  traced  by  an 
equally  competent  judge.  I  have  classed  all  the  species  of  Glossopteris  in  the 
Damuda  series  and  the  Newcastle  beds,  with  one  exception,  as  allied  to  each  other, 
and  I  believe  I  am  fully  justified  in  doing  so,  but  possibly  one  or  two  forms  may 
not  be  so  nearly  related  as  I  suppose.  But  in  this  subject  I  am  ultra,  crepida'in.  I 
only  take  up  a  matter  with  which  I  have  an  imperfect  acquaintance  because  it 
appears  to  me  unfair  to  the  Survey  that  only  one  side  of  an  argument  should  be 
stated,  and  because,  in  self  defence,  I  am  bound  to  show  that  I  really  have  stronger 
reasons  for  objecting  to  Dr.  Feistmantel’s  views  than  he  is  willing  to  admit. 


*  I  have  omitted  a  form  called  Austrella  rigida,  founded  on  what  appears  to  me  to  be  nothing 
but  rootlets,  perhaps  of  Vertehraria,  Precisely  similar  bodies  abound  in  Damuda  beds,  but  are,  of 
course,  worthless  for  comparison. 


CoNIFEEiE. 

{Palissya  ?  sp.),  stem. 


Conifer^;. 

Some  undetermined  forms. 
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I  take  tlie  Bunter  flora  for  comparison  because  Dr.  Feistmantel  has  repeatedly 
stated  that  the  Damudas  are  of  lower  triassic  age,  but  I  may  add,  that  were  I  to 
give  the  lists  of  known  plants  from  Keuper  or  rhahic,  (the  flora  of  the  Muschel- 
kalk  is  too  poor  for  comparnson,)  the  result  would  be  the  same.  There  are  a  few 
allied  forms  in  each  of  these  subdivisions,^  and  probably  there  are  more  in  the 
rhsBtic  than  in  the  trias.  There  are  also  certain  Damuda  forms  such  as  Phyllo- 
theca  Indica,  Saijenojiteris,  Aldliopterls  Lindleyana  and  A.  conf.  Wliithyemis  which 
are  much  closer  to  Jurassic  European  forms  than  to  triassic,  and  it  may  bo 
remembered  that  many  European  palaeontologists  long  classed  the  Damudas  as 
oolitic.  In  short,  so  far  from  its  being  the  fact  that  there  is  a  distinct  connexion 
between  the  Damuda  flora  and  that  found  in  European  lower  triassic  rocks,  the 
truth  is  really  that  there  is  not  so  strong  a  resemblance  between  Damuda  and 
Bunter  plants  as  there  is  between  Damuda  and  Jurassic.  On  the  other  hand,  I  do 
not  see  how  any  one  can  look  over  the  list  given  above  without  seeing  the  very 
mai’ked  similarity  between  the  Damuda  flora  and  that  of  the  Newcastle  beds  in 
Australia.  So  marked  is  this,  that  even  if  the  Karharbari  forms  be  included  in 
the  Damuda  flora  as  Dr.  Feistmantel  has  done,  it  still  appears  to  me  that  the 
former  is  more  closely  allied  to  the  Australian  than  to  the  Bunter  flora. 

The  conclusion  at  which  I  arrive  is,  that  instead  of  the  evidence  which  connects 
the  Damuda  formation  with  the  Australian  carboniferous  rocks  being  about  equal 
to  that  between  the  Damudas  and  European  trias,  as  I  at  first  thought,  the  former 
connexion  is  more  marked  than  the  latter. 

The  relations  of  the  lower  Australian  li&ls. — I  pass  on  to  the  second  question. 
The  third  point  on  wdiich,  in  Dr.  Feistmantul’s  opinion,  my  conclusions  were 
“  rather  premature”"  related  to  the  lower  Australian  coal  strata,  and,  as  he 
puts  his  thesis,  “  The  analogy  with  the  flora  of  the  lower  coal  strata  in 
Australia  is  comparatively  wcak’.^  I  do  not  think  this  is  an  answer  to  my 
argument,  becauso  I  never  insisted  upon  the  affinity  between  the  Damuda  flora 
and  that  of  the  lower  coal  measures  of  Australia.  What  I  did  show  was'  that 
the  connexion  between  the  various  groups  of  the  coal-bearing  series  in  Australia, 
from  the  Wyanamatta  beds  to  the  lower  coal  measures,  (excluding,  of  course, 
the  Lepidodendron  beds,)  was  exactly  the  same  as  that  on  the  strength  of  which 
Dr.  Feistmantel  had  just  argued  that  the  whole  of  the  lower  Gondwanas  were 
triassic;  and  if  the  argument  wore  applied  to  the  Indian  beds,  it  was  equally 
valid  in  Justifying  the  classification  of  all  the  Australian  rocks  below  the  Haw'kes- 
bury  beds  (and  I  might  even  have  included  the  Hawkesbury  and  Wyanamatta 

*  The  only  Keuper  plants  which  have  any  marked  relations  to  Damuda  species,  so  fur  as  I  am 
aware,  are  sonic  forms  of  Pecopleris  or  AUthopteris  allied  to  A.  WliithyeMsis,  and  Noegijn-afhia 
Tugesiaca  (Macroplurygimn,  Bronnii),  the  latter  alone  being  of  any  importance.  Perhaps  there  may 
be  a  slight  similarity  bcJ.woon  some  of  the  Konper  species  of  Fterophyltum  and  P.  Burihvanense. 
It  .should  be  remembered  that  only  one  specimen  of  Pieropliyllum  Bardivanense,  and  one  of 
Noeygerathia  cf.  Vogcsiaca  have  yet  been  found  in  Damuda  beds. 

*  Hoc.  G.  S.  T.,  Vol.  l.\,  p.  m. 

And  again,  p.  121,  “  c  What  is  the  analogy  of  our  Damuda  .scries  with  the  lower 
coal  inea.sm‘es  in  Australia  ?” 

Ib,.  p.  83. 
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beds)  as  cai’boniferous.  I  then  shewed  the  connexion  between  the  flora  of  the 
upper  and  lower  coal  measures  in  Australia  taken  together,  and  that  of  the 
Damuda  beds. 

The  above  would  really  be  a  reply  to  all  that  is  stated  in  the  sentence  above 
r|uoted.  h)r.  Ifeistmantel  has  not  answered  me.  He  has  merely  traversed  an 
argument  which  diifej-s  materially  from  that  I  used.  But  in  the  course  of  his 
remarks  he  enters  into  the  real  question  at  issue  and  makes  several  atemonts 
which,  if  correct,  would  have  some  weight  as  opposed  to  my  opinion.  I  shall, 
therefore,  shew  how  far  these  statements  are  in  accordance  with  the  facts  made 
known  by  various  Australian  geologists. 

I  have  already  twice  had  to  refer  to  Dr.  Feistmantel’s  classification  of  the 
Australian  rocks.  Here  it  is' — 


Upper  coal  measures. 


Lower  coal  measures. 

Culm  series. 
Devonian. 


fBods  in  Tasmania,  )  ,  T 

I  ^  ,  ,  ,r.  ,  •  I  Without  New  South  Wales. 

(■No  animals. 


1  Beds  with  marine  plants  intercalated  with  plant-beds.  Especially 
}  Stony  Creek,  Eix.  Ck.,  Greta.,  Mnt.  Wingen,  ifcc. 

(  Again  marine  beds. 

j  Smith  Creek.  1  Lower  carboniferous  plants  with  carboniferous 
(  Port  Stefens.  (  animals. 

Goonoo-goonoo.  Plant-remains  only. 


mueensianci,  victoria.  ) 
i  Clarence  river. 

■{  Wyanamatta  beds. 
Ilawkesbury  bods. 
Bowenfels. 

i_  Upper  beds  in  Newcastle. 


This  Dr.  Feistmantel  states'^  is  “the  succession  of  the  several  strata  of  the 
Australian  coal  formation,  as  Mr.  Clarke  communicated  it  to  mo  in  a  late  paper, 
and  as  it  is  to  be  foundin  his  ‘  Remarks.’  ”  It  is  to  be  regretted  that  Dr.  Feist¬ 
mantel  has  not  given  a  reference  to  the  Rev.  Mr.  Clarke’s  paper,  because  thei’e 
i.s,  so  far  as  I  can  see,  nothing  in  the  “  remarks’’  w'hich  can  be  quoted  to  justify 
the  classification  adopted,  and  the  union  of  the  Wyanamatta,  Hawkesbury  and 
Newcastle  beds  into  one  subdivision  as  upper  coal  measures,  and  their  separation 
from  the  lower  coal  measures  are  so  entirely  opposed  to  all  that  Mr.  Clarke  has 
written  on  the  subject,  that  it  is  to  be  hoped  Dr.  Feistmantel  will  cither  publish 
Mr.  Clarke’s  own  words,  or  admit  that  he  has  arranged  the  section  to  suit  his 
own  views.  The  beds  in  Tasmania,  Queensland,  &c.,  have  nothing  to  do  with  the 
main  question  and  only  tend  to  distract  attention  from  the  typical  sequence 
in  New  South  Wales.  In  the  printed  paper  of  Mr.  Clarke’s,"  to  which  we  have 
all  hitherto  referred  for  the  classification  of  the  Australian  (New  South  Wales) 
plant-bearing  rocks,  they  are  thus  arrranged — 

1.  Wyanamatta  beds.  3.  Coal  seams  of  Newcastle,  &o. 

2.  Hawkesbury  rocks.  4.  Lower  carboniferous  rocks. 


*  Rec.  G.  S.  I.,  Vol.  IX,  p.  123.  =  I,  c. 

^  Q.  .1.  G.  S.,  1&6I,  Vol.  XVIT,  pp.  3.57,  358,  &c. 
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The  last  being  the  “culm”  and  “Devonian”  beds  of  Dr.  Feistmantel’s  series, 
with  which  I  have  no  present  concern.  No.  3  includes  both  the  upper  beds  in 
Newcastle  and  Dr.  Feistmantel’s  “  lower  coal  measures.”  In  the  “  Remarks”  ^  the 
Lepidodeiulron  beds  are  noticed  under  the  heading  of  Middle  Palseozoic,  all  the 
coal  measures  of  Newcastle  are  classed  in  the  upper  Palaeozoic,  together  with 
the  “lower  coal  measures”  of  Dr.  Feistmantel,  while  the  Wjanamatta  and 
Hawkesbury  beds  are  treated  apart  from  the  others  under  the  heading  of  Me¬ 
sozoic  or  Secondary  Formations.  Take  the  following  extracts^  from  the  “Notes 
on  the  Upper  Palaeozoic  Beds”  and  compare  them  with  Dr.  Feistmantel’s  classifi¬ 
cation  :  — 

“  As  far  as  some  of  the  plants  are  concerned,  it  may  be  admitted  that  they  are  in  an  unsatis¬ 
factory  condition  at  present ;  but  the  balance  in  favour  of  a  carboniferous  age  for  the  Qlossopteris 
beds  is,  to  my  mind,  conclusive.” 

The  Glossopteris  beds  include  both  the  upper  (Newcastle)  coal  measures  and 
the  lower  coal  seams  with  marine  bands.  Again’* — 

“  So  far,  then,  the  cpiestion  about  the  age  of  some  of  the  Australian  coal  must  be  considered 
as  settled ;  and  if,  as  in  Illawarra,  the  coal  beds  overlie  the  marine  beds,  as  they  do  also  in  the 
Vingal  district  of  Tasmania,  it  would  appear  that  all  these  separate  occurrences  belong  to  one 
thick  series,  in  which  marine  beds  aud  fresh-water  beds  interpolate  each  other.  But  assuredly 
in  that  case  the  arrangement  adopted  must  express  the  order  as  follows  ; — 

“  1.  Upper  coal  measures.  I  ‘‘  3.  Lower  coal  mcasure.s. 

“2.  Upper  marine  beds.  |  “4.  Lower  marine  beds.”  ■* 

I  cannot  sec  how  Mr.  Clarke  can  be  quoted  to  justify  the  removal  of  the 
upper  coal  measures  from  the  palaeozoic  series  in  the  face  of  such  evidence  as 
this.  I  beg  to  call  attention  to  the  fact  that  Dr.  Fei.stmantel  always  gives  his 
own  version  of  Mr.  Clarke’s  views,  whereas  I  quote  Mr.  Clarke’s  published  words. 

Mr.  Clarke  may  have  changed  his  views  (I  have  no  reason  to  believe  he  has)  ; 
he  may,  like  myself,  have  been  guided  by  Dr.  Feistmantel’s  statement®  that 
there  is  a  radical  difference  between  the  flora  of  the  upper  (Newcastle,  Bowen- 
fels)  and  lower  (Stony  Creek,  &c.)  coal  measures  in  Australia.  I  accepted 
Dr.  Feistmantel’s  opinion  as  that  of  an  expert,  and  was  immediately  quoted  by 
him  as  evidence,®  part  of  my  sentence  quoted  by  him  being  omitted  so  as  to 


’  Mines  aud  Mineral  Statistics  of  New  Sotith  Wales,  &c.,  Sydney,  1875,  pp.  161. ..191. 

’  Clarke,  1.  c.,  p.  178. 

3  Ib.,  p.  179. 

Mr.  C.  S.  Wilkinson,  tbe  Government  Geologist,  writes  thus  in  the  same  work,  page  128, — 
"  Tbe  several  divisions  of  the  upper  palaeozoic  scries  have  been  named  after  tbe  localities  where 
they  are  found  to  be  most  typically  developed.  In  descending  order  they  are  as  follows  : — 


“  Wyanamatta  series. 

“  Hawkesbury  series. 

“  Upper  coal  measures  of  New’castle,  Mbd- 
longong  and  Bowenfels  series. 

Rec.  G.  S.  1.,  Vol.  IX,  pp.  70,  71,  121,  &c. 

®  I  said,  Rec.  G.  S.  L,  Vol.  IX,  p.  83,  “  Nos.  3  and  4  appear  to  be  connected  by  the  J  resence 
of  Qlossopieris  Srmomana  in  both,  although, /rom  specimens  which  Dr.  Feistmantel  has  shown 


“  Upper  marine  beds. 

“  Lower  coal  measures. 
“  Lower  marine  beds. 

“  Lepidodendron  beds.” 
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make  it  appear  that  my  opinion  was  founded  on  my  oum  observations,  and  not 
on  his.  I  very  greatly  regret  to  say  that  further  experience  of  Dr.  Peistmantel’s 
statements  has  produced  a  sceptical  spirit,  especially  when  they  are  in  opposition 
to  the  evidence  of  other  observers,  and  I  now  refuse  to  admit  there  is  any  im¬ 
portant  distinction  between  the  flora  of  the  upper  and  lower  Australian  coal 
measures  until  Dr.  F eistmantel  produces  evidence  instead  of  assertions.  I  think 
it  probable  Mr.  Clarke  will  show  equal  caution.  When  Dr.  Feistmantol’s  evidence 
appears,  it  will  remain  to  be  seen  how  far  he  has  established  his  thesis.  If  I 
appear  to  be  harsh  in  my  judgment,  I  would  refer  to  the  facts  I  have  already 
pointed  out  as  to  the  evidence  on  the  strength  of  which  Dr.  Feistmantel  has  over 
and  over  again  asserted  that  the  Rajmahal  flora  is  liassic,  and  to  his  statements 
about  the  Mangli  beds  and  the  Lamell'ibrancMata  of  the  Umia  group. 

The  original  evidence  as  to  the  connection  between  the  upper  (Newcastle) 
coal  measures  and  the  lower  beds  of  Stony  Creek  was,  that  below  “  grits  and  con¬ 
glomerates  full  of  Pachydomi,  Spiriferi,  Orthoceratites,  large  Comdaria,  Asteridce, 

^"c., . a  bed  of  shale  was  reached  in  which  are  impressions  of  Noeggeratida  (or 

Zeugophyllites),  Glossopteris  (or  Sagenupteris)  and  other  plants,  such  as  Cyolopteris^ 
that  look  as  much  like  Jurassic  as  any  that  are  so  called.”*  In  the  “  Transactions 
of  the  Royal  Society  of  Victoria,  Vol.  VI”  (I  have  not  access  to  the  original®  at 
present),  sections  were  given  by  Mr.  Clarke  from  Stony  Creek  showing  the  occur¬ 
rence  of  Olossopteris,  Phyllotlteea  and  Noeggerathia  in  the  beds  below  those  con¬ 
taining  the  marine  fossils.  Take,  again,  the  following  extract  from  the  notes  by 
Mr.  E.  C.  Wilkinson,  Government  Geologist  ; — 

“The  collection  of  fossils  from  near  West  Maitland,  Greta  and  Anvil  Creek  includes  SpirifercB 
Conuhirim,  Inocerami,  Productce,  Fenestellce,  Sellerophon,  crinoidal  stems.  &c.,  obtained  from 
the  upper  marine  beds  350  feet  above  the  Anvil  Creek  coal  seam,  from  which  seam  1  collected 
the  specimens  now  shown,  containing  the  Phpllotheca  and  Glossopteris  JSrowniana.  Immedi¬ 
ately  below  this  coal  are  the  lower  marine  beds  represented  by  the  specimens  of  Spiriferat, 
ConularicB,  Sellerophon,  P achpdomus,  Qrikoceras,  Siiornphalus,  Fenestella,  a  new'  species  of 
Starfish,  Chcetetes  radians,  &c.,  from  Stony  Creek,  Harper’s  Hill,  Kavensfield,  and  Singleton. 
This  suite  of  fossils  is  especially  interesting,  as  showing  not  only  the  range  through  the  coal  series  of 
the  Glossopteris  and  Fhyllotheea,  plants  so  abundant  in  the  upper  coal  measures  of  Wollongong, 
Lithgow  Valley  and  Newcastle,  but  also  the  .association  of  those  j’hmts  with  the  marine  fauna 
of  the  lower  coal  measures,  thus  affording  evidence,  agreeing  with  that  of  the  pj-eviously  men¬ 
tioned  fishes,  as  to  the  upper  palaiozoic  age  of  the  New  South  Wales  coal  measures  ’’ 

In  the  same  work,  “  Mines  and  Mineral  Statistics  of  New  South  Wales,”  several 
detailed  sections  are  given.  In  section  No.  I,  p.  206,  bed  No.  5  in  descending 
order  contains  “  large  fossils,  Fenestella,  luoceramus,  Gonularia,  &c. ;  ”  No.  19  is 
said  to  be  “full  of  Olossopteris,  Phyllotheca,  and  leaves  of  f  Noeggerathia ;  ”  No.  24 

(misprinted  shewed)  to  me  there  appears  to  be  a  considerable  distinction  in  the  fiora.”  Dr.  Feist¬ 
mantel  quoted  this  paragraph  (Records,  Vol.  IX,  p.  122),  but  omitted  the  words  in  italics,  thus 
making  the  statement  appear  to  rest  on  my  authority  instead  of  on  his  own.  This,  moreover,  w'as 
emphasized  by  the  concluding  portion  of  the  sentence  being  placed  in  italics. 

’  Q.  J.  G.  S.,  1861,  Vol.  XVll,  p.  360. 

^  The  volume  is  wanting  in  the  Survey  lihrai  y. 

®  Mines  and  Mineral  Statistics,  p.  132. 
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is  said  to  be  “  full  of  large  Glossopteris  fronds,  &c.,  same  as  bed  No.  12.”  Again,  at 
p.  226,  in  a  section  of  some  coal  seams  and  the  accompanying  shales.  The  upper¬ 
most  bed,  a  coarse  conglomerate,  is  said  to  be  “full  of  palaaozoic  fossil  fauna, 
Conidaria,  Odliocera.s,  Prodiicta,  Spirifera,  Inocerami,  Grinoidea,  ^-e.,”  whilst  6  feet 
lower  down  is  “  shale  full  of  Glossopteris,  Phyllotheca  and  Noeggerathia.” 

So  far,  then,  wo  have  evidence  of  four  species  of  plants  in  the  “  lower  coal 
measures.”  These  species  arc — 

1.  — Glossopteris  Browniana,  admitted  ty  all  to  te  indeiitical  with  the  species  from 

the  upper  coal  measures. 

2.  — Phpllotheea. 

3.  — Noeggerathia. 

4.  — Teeniopteris  near  T.  ILclcardi  (this  is  inserted  on  Dr.  Feistmantel’s  authority). 

Now,  where  is  the  evidence  that  the  plants  called  Phyllotheca  and  Noeggerathia 
from  the  lower  beds  are  distinct  from  those  in  the  upper  ?  I  have  already  quoted’ 
hIcCoy’s  identification  of  the  Phyllotheca,  apparently  fi-om  the  lower  beds  of 
Queensland,  with  P.  Atidralis,  the  species  found  in  the  upper  coal  measures  of 
NoAvcastlo,  &c.  Dr.  PcistmanteTs  evidence  as  to  the  distinction  of  the  lower  coal 
measures’  flora,  so  far  as  he  ha.s  hitherto  supplied  any  facts,  amounts  to  this,  that 
he  has  seen  a  Tceniopteris  fi’om  the  lower  beds  which  he  has  not  seen  from  the 
upper.  He  may  have  more  evidence,  but  that  produced  is  ctwtainly  not  sufficient 
to  justify  the  rejection  of  the  opinions  given  by  Australian  geologists. 

The  rest  of  the  evidence  brought  forward  by  Dr.  Peistmantel  need  not  detain 
ns  long.  He  says  (1  am  obliged  to  re-quote  part  of  the  paragraph)  ^ — 

“As  to  3  and  4,  of  wliioli  tlio  first  arc  the  upper  coal  measures  of  Newcastle,  Mr.  Blanford  him¬ 
self  says,  ‘  Nos.  3  and  4  appear  to  be  connected  liy  the  presence  of  Glossopteris  tBronmiana  in  both,® 
Mhongii  tiievo  appears  to  be  a  considerable  dis(mcfio7i  in- the  flora  and  I  would  add.  No.  3  does 
not  contain  any  animals,'* *  while  in  No.  4  marine  animals  arc  found  abundantly.” 

And  again® — 

“  a. — The  upper  portion  is  marked  by  a  flora,  which  is  abundant.  Nos.  1 , 2,  3  of  Mr.  Blanford’s 
list  must  be  referred  to  this;  they  contain  no  marine  fossils  to  indicate  a  connection  with  the  lower 
portion . 

“  b. — The  lower  coal  moasures  arc  marked  by  two  marine  faunas  of,  as  generally  taken,  a  car¬ 
boniferous  age,  which  separate  distinctly  these  from  the  upper  beds.  The  flora  is,  as  both  Mr.  Clarke 
and  Mr.  Daintree  state,  oidy  rare.”  “ 

Now,  this  is  one  of  those  points  on  which  my  ideas  are  so  diametrically  opposed 
to  Dr.  Peistmantol’s  that  I  can  only  suppose,  cither  that  onr  notions  of  elemen- 


’  Ante,  p.  112. 

Kec.  G.  S.  I.,  Vol.  IX,  p.  122. 

®  See  footnote  fi,  ante,  p.  138,  for  the  original  form  of  the  sentence  hero  quoted  and  the  portion 
suppressed  by  Dr.  Fcistmantcl. 

This  is  incon'cct  of  course ;  a  fish  has  been  obtained  from  the  bed. 

1.  c.,  p.  123. 

*  No  reference  is  given,  and  the  statement  is  quite  opposed  to  all  the  evidence ;  see  the  quotsf- 
tions  from  the  scetioiis  in  “Mines  and  Mineral  Statistics  ”  just  given,  where  shales  of  the  lower  beds 
arc  said  to  he  full  of  Glossopteris,  Pligllothcca  and  Noeggerathia.  The  section  quoted  (No.  1,  oppo¬ 
site  p.  200)  is  given  bj  Mr.  Cflarke  bimseif. 
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tary  geological  evidence  are  distinct,  or  else  that  Dr.  Feistmantel  does  not  mean 
what  his  words  convey.  It  is  superfluous  to  point  out  that  if  distinction  of  age 
were  proved  by  the  presence  or  absence  of  marine  fossils,  the  Glossopteris  beds 
of  the  lower  Australian  coal  measures  must  be  of  a  different  age  from  the  fossili- 
ferous  marine  beds  'vrith  which  they  are  intercalated,  because  no  marine  fossils  are 
found  in  the  beds  containing  the  Glossopteris.  If  the  lower  plant-beds  are  not 
diffei-ent  in  age  from  the  marine  fossiliferous  rocks  with  which  they  are  inter- 
stratified,  neither  can  the  upper  coal  measures  be  shown  to  be  of  distinct  age 
from  the  lower  on  account  of  not  containing  marine  fossils. 

I  have  one  more  extract  to  make.  I  hope  that  it  vill  be  understood  that  in  these 
remarks  I  am  merely  taking  a  few  instances  from  Dr.  Feistmantel’s  papers ;  I 
could  easily  add  others.  The  extract  is  the  following  i : — 

“  In  the  last  puhlication,  “Slines  and  Minerals  of  JJew  South  Wales,”  there  is  a  supplementary 
report  by  Mr.  John  Mackenzie  on  the  Jfew  South  Wales  coal  fields,  in  which,  on  section  i.s  a 
sketch  section  from  Newcastle  to  Port  Booral,  about  thirty  miles  long.  In  this  the  difference  in  the 
fossil  remains  of  the  upper  and  lower  portions  of  the  coal  measures  is  plainly  indicated,  and  also 
that  the  upper  portion  and  lower  portion  are,  besides  all  the  differences,  slightly  discordant.” 

The  fossil  differences  are,  that  in  the  lower  portion  several  marine  car¬ 
boniferous  genei-a  occur,  and  in  the  upper  portion  only  plants,  and  that  those 
plants  do  not  include  the  genus  Noeggerathia  (the  plant  known  by  this  name  is, 
how'ever,  found  elsewhere  in  the  same  bed.s)  and  do  include  some  forms  not  found 
in  the  lower  beds.  Phyllotheca  and  Glossopteris  are  quoted  from  both.  So  far 
good ;  now  about  the  discordance.  I  fear  I  shall  have  some  difficulty  in  con¬ 
vincing  mv  readers  wdthout  showing  them  the  book,  but  the  truth  is  that  all  the 
evidence  of  stratigi-aphical  relations  in  the  figure  quoted  consists  in  coal  seams 
being  indicated  in  three  distinct  parts  of  the  section,  those  to  the  right  having 
a  higher  dip  than  those  in  the  middle,  and  the  latter  again  higher  than  those  to 
the  left.  Thi.s  is  all ;  there  is  not,  so  far  as  I  can  see,  the  smallest  indication  of 
unconformity,  which  is,  I  presume,  what  is  meant  by  the  beds  being  said  to  be 
discordant,  since  it  is  the  only  way  in  w'hich  a  distinction  between  the  different 
groups  could  be  shoAvn  in  the  section.  How  far  Dr.  Feistmantel  is  correct  in 
supposing  that  the  upper  and  lower  coal  measures  are  “  slightly  discordant  ”  may 
be  judged  by  the  followdng  extracts  from  the  work  in  wffiich  the  section  cited 
appears. 

Mr.  Clarke  himself  says  “ — 

“  The  fact  that  the  coal  beds  overlie  or  interpolate  the  marine  beds  in  what  is  called  ‘  con¬ 
formable  order  ’  ought  to  be  considered  a  satisfactory  conclusion  that  no  break,  such  as  ought  to 
exist  under  other  circumstances,  does  exist.  .  . 

There  can,  I  think,  be  no  question  that  Mr.  Clarke  here  refers  to  both  upper 
and  lower  coal  measures  ;  the  sentence  would  be  void  of  meaning  othervrise,  and 
in  the  previous  sentence  he  refers  to  the  occurrence  of  ganoid  fishes,  wffiich 


>  Kec.  G.  S.  I.,  Vol.  IX,  p.  121. 

-  Evidently  a  misprint  for  section  6, 


^  Mines  and  Mineral  Statistics,  p.  166. 
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have,  so  far  as  I  know,  only  been  found  in  the  upper  coal  measures  and  overlying 
groups. 

The  next  two  quotations  from  the  same  work  are  from  the  reports  by  Mr. 
Wilkinson,  the  Government  Geologist,  and  are  perfectly  clear.  He  says — ‘ 

Tile  upper  coal  measures  in  the  western  district  are  about  480  feet  thick,  resting  conformably 
on  the  mai-ine  beds  of  the  lower  coal  measures.  ” 

And  again^ — ■ 

“  These  marine  beds  are  conformable  to  the  overlying  plant-beds  of  the  upper  coal  measures, 
but  rest  unconforinably  on  the  irpturued  edges  of  Devonian  strata.  ” 

Mr.  Clarke,  too,  in  a  footnote,  p.  170,  quotes  a  report  of  Mr.  Dain tree’s  on  the 
country  between  Newcastle  and  Stony  Creek,  in  which  the  following  passage 
occurs  : — “  Neither  does  there  seem  any  reason  why  Mr.  Clarke  should  not  place 
the  Newcastle  coal  seams  (his  No.  3,  carboniferous  group,)in  the  upper  portion  of 
this  Stony  Creek  group,  no  known  unconformity  existing.  ”  The  Stony  Creek 
group  is,  of  course,  the  same  as  the  “  lower  coal  measures,  ”  with  marine  fossils. 
Mr.  Daintree’s  opinion  is  of  importance,  for  he  appears  to  have  gone  from 
Victoria  to  examine  Mr.  Clarke’s  sections,  the  accuracy  of  which  was  doubted  by 
the  South  Australian  geologists,  and  to  have  confirmed  Mr.  Clarke’s  views. 

These  extracts  are,  I  fear,  tedious,  but  they  are  too  important  to  be  omitted, 
because  they  shew  that  Australian  geologists  do  not  admit  the  existence  of  any 
break  between  the  upper  and  lowei-  coal  measures. 

The  chardcteristicalUj  piesozoio  Tteniopteris  Daintreei. — So  far  1  have  confined 
myself  to  the  beds  in  New  South  Wales.  As  1  stated  at  the  outset,  to  mix  up 
with  them  the  beds  of  Tasmania,  Queensland  and  Victoria  tends  to  confuse.  But 
as  these  latter  beds  are  adduced  a.s  evidence  of  mesozoic  age,  it  is  as  w'ell  to  ex¬ 
amine  the  proof.  In  the  case  of  the  Queensland  beds,  the  age  may  at  once  be  con¬ 
sidered  as  established  on  trustworthy  evidence,’'^  the  plant  layers  with  TtBuiopjteris 
and  other  forms  being  above  strata  containing  Jurassic  marine  fossils,  whilst  the 
beds  with  Glossopteris  occur  at  a  lower  horizon  associated  with  Palasozoic  mol- 
lusca,  &c.,  and  underlying  the  Jurassic  deposits  unconformably.  Now,  the  upper 
Queensland  beds*  are  said  to  contain  two  species  of  plants  which  occur  in  other 
parts  of  Austi'alia.  One  of  these  is  Tmniopteris  Daintreei,^  and  the  clue  afforded 


1  p.  130.  2  p.  132. 

3  Q.  J.  6.  S.,  vol.  XXVIII,  1872,  pp.  325,  &c. 

"  Eec.  G.  S.  I.,  IX,  pp.  123,  124. 

5  Tbe  importance  wbicb  Dr.  Feistmaiitel  attaches  to  tbis  fossil  is  noteworthy.  Thus,  at  p.  136 
be  writes,  “The  siime  J’hijllolheca  Australis,  SlcCoy,  is  also  known  from  Yictoiia,  together  with 
Trsniopteris  Daintreei,  McCoy,  which  latter  in  Queensland  is  considered  as  characteristic  of  the 
mesozoic  (upper)  coal  beds.”  Again,  p.  138,  “McCoy  described  it  (Gangamopieris)  lirst  from  some 
rocks  in  Victoria,  where  no  marine  fossils  occur,  but  where  Tceniopieris  Daintreei,  McCoy,  is  found, 
which  latter  in  Queensland  is  considered  as  characteristic  of  the  mesozoic  beds  there.  VV^ith  these 
also  PhgUotheea  Australis,  McCoy,  occurred  in  Victoria.”  Again,  at  the  bottom  of  the  same  page, 
“  This  Oangamopteris  is  in  Victoria  found  in  certainly  mesozoic  rocks,  being  associated  with 
Tceniopteris  Daintreei,  McCoy,  which  is  characteristic  of  mesozoic  rocks  in  Queensland and  finally 
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by  this  fossil  to  tlie  determination  of  tlie  age  of  the  beds  in  Victoria,  and  the 
reflected  light  thus  east  upon  Indian  rocks  through  Oangamepteris  angustifolia  and 
Phyllotheea,  which  are  associated  with  Tmniopteris  Daintreei  in  Victoria  are  fre¬ 
quently  noticed  by  Dr.  Feistmantel.  Tceniopteris  Daintreei  is  also  noticed  as  occur¬ 
ring  with  Decopteris  Australis  in  Victoria,  whilst  in  Tasmania  Pecopteris  Australis 
and  Glossopteris  occur  together.'  All  this  is  quoted  from  McCoy,^  with  one  slight 
omission ;  the  specific  name  of  the  Glossopteris  is  not  mentioned,  although  McCoy 
states  that  it  is  G.  Browniana,  and  as  this  is  admitted  to  be  a  palscozoic  species, 
its  occurrence  with  the  Pecopteris  would  neutralize  the  importance  of  the  Tceniop- 
teris  in  any  case. 

But  I  cannot  understand  how  Dr.  Feistmantel  overlooked  another  remark  of 
Professor  McCoy’s  on  the  next  page,  in  which  it  is  pointed  out  that  the  Queens¬ 
land  specimen  called  Tesniopteris  Daintreei  is  probably  different  from  that  of 
Victoria.  Here  is  the  brief  description  of  each  fonn — 

“  Taniofteris  Daintreei,  McCoy,  from  Victoria.^  General  character. — Frond,  simple  or 
pinnate,  Umg,  narroic  with  a  thick  .strong  midrih,  from  which  the  veins  extend  nearly 
at  right  angles  to  the  lateral  edges,  either  once  or  twice  forked  or  simple. 

“  Tceniopteris  Daintreei,  McCoy,  apvd  Camithcrs,  from  Queensland.* *  Frond,  simple  (?),  hroad 
linear;  TmArVo  somewhat  thick ;  veins  leaving  it  at  an  acute  then  passing  out  at 

right  angles  to  the  margin,  once  or  twice  diohotomously  divided.” 

I  have  italicised  portions  of  the  above,  and  I  can  only  add  that  so  far  as  I  can, 
without  any  special  botanical  knowledge,  give  an  opinion,  it  appears  to  me  that, 
judging  from  the  figures  in  the  two  works  quoted,  the  two  so-called  Tesniopteris 
Daintreei  of  Victoria  and  Queensland  must  be  very  well  marked  and  distinct 
species.  It  is  scarcely  conceivable  that  they  can  be  specifically  identical. 

It  is  true  that  Pecopteris  odontopteroides  is  said  to  be  common  to  the  Queens¬ 
land  jurassic  strata  and  to  the  Wyanamatta  and  Newcastle  beds  of  New  South 
Wales.  But  Carruthers  himself  points  out  distinctions  in  shape  between  his 
figures  of  the  Queensland  form  and  Morris’  representation  of  the  New  South 
Wales  fern,  although  he  believes  both  to  belong  to  the  same  species.'  As  there  is 
a  strong  probability  that  the  Queensland  and  New  South  Wales  beds  are  really  of 
different  age,  it  is  to  be  hoped  that  this  question  will  be  re-investigated. 

The  remainder  of  the  evidence  as  to  the  fossil  flora  of  Victoria  tends  to  show 
that  this  flora  cannot,  in  all  probability,  be  much  newer  than  the  Newcastle  beds 
of  Australia.  Phyllotheea  and  Gangamopteris  angustifolia  occur  in  both.  It 


p.  143,  “  I  must  still  once  more  state  tliat  the  Australian  Gangamopteris  is  from  mesozoic  strata  in 
Victoria,  together  with  Tceniopteris  Daintreei,  McCoy.” 

>  Rec.  G.  S.  I.,  vol.  IX,  pp.  121,  122,  123. 

=  Prodrome,  Pal.  Viet.,  Dec.  II.  pi.  XIV. 

®  Prodrome,  Pal.  Viet.  Dec,  II,  p,  15. 

*  Q.  J.  G.  S.,  Vol.  XXVIll,  1872,  p.  355. 

*  This  fern  has  been  referred  hy  Morris  and  Carruthers  to  Pecopteris,  by  McCoy  to 
Gleiehenites,  hj'  Dr.  Feistmantel  to  Thinnfeldia,  and  by  a  Belgian  writer,  Fr.  Crepin,  to  Otopteris — 
Bull.  Soc.  Roy.  Belg.,  vol.  XXXIX,  p.  258.  Can  all  have  examined  the  same  fossil  ?  The  figures 
appear  to  me  to  show  considerable  variation. 
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would,  therefore,  be  of  some  importance  if  the  beds  of  Victoria  were  really  con¬ 
nected  with  the  Jurassic  jrlant-beds  of  Queensland.  As  it  is,  there  is  really  no 
evidence,  except  the  plants,  to  show  that  the  Victoria  beds  ai’e  mesozoic. 

Ganoid  fish  of  Australian  beds. — Before  leaving  the  Austr-alian  beds  I  have  to 
call  attention  to  the  very  important  evidence  as  to  the  age  of  the  whole  series  in 
New  South  Wales,  afforded  by  the  remains  of  fish.  I  have  already  shown  that 
Dr.  Feistmantcl  is  mistaken  in  saying  that  the  upper  coal  measures  of  Australia 
contain  no  animals,  and  that  he  has  himself  mentioned  those  animals  in  another 
page.  The  known  forms  consist  of  ganoid  fishes,  and  the  following  have  been 
described  and  figured 

Pal/Boniscus  antifodeus.  From  Wyanamatta  beds. 

Ghleithrolepis  granulatus.  Cockatoo  beds  between  Wyanamatta  and  Hawkes- 

bury. 

Myriolepis  Glarhei. 

Urosthenes  Australis.  Newcastle  bods. 

The  question  of  the  relations  of  these  fish  has  been  thoroughly  stated  by  Sir 
P.  Egerton,'  certainly  one  of  the  highest  living  authorities,  and  he  conclude.s 
thus  ^ — 


“  With  regard  to  the  larger  question  of  geological  period,  there  apppears  to  be  sufficient 
evidence  to  stamp  these  remains  as  belonging  to  the  palaeozoic  age.” 

He  proceeds  to  give  the  range  of  the  nearest  allies  in  Europe,  and  to  show  that 
representatives  of  all  the  forms  named  are  associated  in  the  greatest  numbers  in 
permian  strata  (Kupferscheifer).  It  would  be  easy  to  quote  authorities  for  the 
much  greater  importance  to  bo  attached  to  fish  remains  as  evidence  of  age 
than  to  plants,  all  I  have  to  do  now  is  to  point  out  that  the  evidence  of 
the  fish  tends  to  place  the  whole  of  the  New  South  Wales  rocks  from  the 
Wyanamatta  beds  downwards  in  the  palmozoic  epoch.  It  is  quite  true  that 
in  his  later  papers  Mr.  Clarke  has  classed  the  Wyanamatta  and  Hawkesbury 
beds  as  lower  mesozoic,  and  probably  he  is  right  in  doing  so,  but  the  plant 
evidence  in  favour  of  this  view  is  of  precisely  the  same  nature  as  that  on  the 
strength  of  which  Olossopteris  Browniana  and  its  carboniferous  associates  were 
long  classed  as  Jurassic.  Probably  the  Wyanamatta  and  Hawkesbury  beds  are  of 
the  sarue  ago  as  some  of  the  rocks  in  Victoria,  and  they  may  be  approximately  of 
triassic  age,  or  they  may  be  partly  permian  or  intermediate  between  permian 
and  trias,  but  their  horizon  is  not  ascertained  with  accuracy. 

Glossopteris  beds  in  South  Africa. — There  is  another  locality  in  the  southern 
hemisphere,  whore,  apparently,  representatives  of  the  Damuda  formation  may 
be  traced.  Dr.  Feistmantel’s  principal  object  being  to  trace  the  connexion 
between  the  Damuda  plants  and  the  mesozoic  flora  of  Europe,  he  has  alluded 
but  briefly  to  the  African  rocks.  ^  They  are  important  because  although  very 


>  Q.  J.  G.  S.,  1863,  vol.  XX,  p.  1.  p.  4. 

3  Ecc.  G.  S,  I.,  Vol!  IX,  p,  71. 


PART  1 .]  HlanJ'ord :  PalcRontological  Relnlious  of  Uie  Gondwciua  Sgstem.  J  iS 

littlo  is  known  of  their  flora,  the  little  that  has  been  ascertained  indicates  a  very 
close  connexion  with  that  of  Indian  and  Australian  beds. 

The  plants  occur  in  the  upper  groups,  the  Stormberg  and  Beaufort  beds  of 
the  Karoo  series  ;  the  latter  being  the  principal  Dicynodont  beds,  and  containing 
the  following  species,  which  have  been  described  by  Mr.  Tate' ; — 

Olossopteris  Broivniana  (the  specific  identification  may  perhaps  be  questioned, 
but  the  species  is  doubtless  closely  allied). 

G.  Sutherlandi,  a  narrow  form  like  G.  angustifolia  and  0.  leptoneura. 

Buhidgm  Mackayi,  very  closely  allied  to  the  Damuda  Palceovittarla,  if  not 
generically  identical. 

Bictyopteris  simplex;  this  has  been  shown  by  Dr.  FeistmanteP  to  be  a 
Olossopteris  allied  to  some  Indian  (Damuda)  species. 

Some  equisetaceous  stems  referred  to  Phyllotheca? 

There  is  here  a  remarkable  similarity  to  the  Damuda  flora.  Only  ferns  and 
Equisetaeete  are  known ;  all  the  ferns  belong  to  the  simple-leaved  forms  so  abund¬ 
ant  in  the  Damuda  beds,  and  three  out  of  the  five  plants  belong  to  Glossopteris. 
There  is  nothing  approaching  to  this  amount  of  similarity  in  any  known  European 
fossil  flora,  and  the  close  connection  between  this  ancient  association  of  plants  in 
Indian,  South  African  and  Australian  strata  tends  strongly  to  support  tlie  idea 
of  a  former  land  connection  between  these  countries,  a  pi’obability  which  is 
strengthened  in  the  case  of  South  Africa,  by  the  representation  of  certain  Eaj- 
niahal  forms  in  the  jurassic  Uitenhage  series,  and  by  close  alliances  between 
jurassic  and  cretaceous  marine  fossils  belonging  in  some  cases,  in  all  probability, 
to  littoral  forms.  The  relations  of  the  Panchet  Dioynodon  and  the  Mangli 
Bradiyops  to  African  forms  are  also  worthy  of  notice. 

Kaeharbari  group.- — ^A  few  words  are  necessary  as  to  the  reasons  for  distinguish¬ 
ing  this  group.  The  coal-bearing  rocks  of  the  Karharbari  coal  field  were 
originally  classed  as  Bai’akar  (Lower  Damuda)  by  the  Survey,^  but  after  the 
fossils  associated  with  the  coal  had  been  determined  by  Dr.  Feistmantel,®  the 


>  Q.  J.  G.  S.,  1867,  p.  140.  ’  Rec.  G.  S.  I.,  Vol.  IX,  p.  73. 

=  Besides  these  Dr.  Feistmantel  notices,  Reo.  G.  S.  I.,  Vol.  IX,  page  73,  tlie  occurrence  of  a  species 
probably  belonging  to  Gangamopteris,  “described  by  Mr.  Tate,  from  tbe  Karoo  beds  (triassic)  in 
South  Africa  as  Cyclopteris  Jenlcinsiana.'’  A  reference  to  the  original  description  (Q.  .1.  G.  S., 
1867,  Vol.  XXiri,  p.  146)  will  show  that  Dr.  Feistmantel  is  mistaken,  as  this  plant  was  described  from 
the  higher  Ditenhage  series,  classed  as  jurassic,  and  not  from  the  Karoo  beds.  1  am,  to  some 
extent,  responsible  for  the  error,  as  1  edited  the  paper,  but  I  was  not  then  aware  of  tbe  amount 
of  revision  required  by  Dr.  Feistmantel’s  papers. 

“  Mem.  G.  S.  I.,  Vol.  VII,  p.  209. 

I  regret  to  be  obliged  to  call  attention  to  the  manner  in  which  Dr.  Feistmantel  has  repeat¬ 
edly  mentioned  the  dates  at  which  these  and  other  fossils  were  discovered  (see  especially  Rec. 
G.  S.  I.,  Vol.  IX,  p.  119 ;  Geol.  Mag.  1876,  p.  489,  footnote  12),  in  order  to  cast  discredit  upon  myself 
and  others,  and  to  cause  it  to  be  believed  that  these  plants  were  known  at  a  time  when  I  had  stated 
that  they  were  undiscovered.  Dr.  Feistmantel  has  omitted  to  state  that  the  fossils  mentioned  had 
been  packed  awav  in  drawers  and  boxes,  and  with,  1  believe,  one  exception,  had  not  been  identified 
by  any  one.  Of  the  exception  no  notice  had  appeared  in  print;  the  specimen  bad  not  been 
exhibited,  and  its  existence  was  not  known  to  the  Survey  generally. 
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occurrence  in  great  abundance  of  certain  foiuns,  such  as  Voltzia  and  Newropteris, 
which  had  never  been  noticed  in  true  Damuda  rocks,  made  me  suspect  that  there 
must  be  some  distinction  in  the  beds,  and  this  view  was  strengthened  by  further 
examination  of  the  flora.  In  July  last  Mr.  Hughes  and  I  paid  a  short  visit  to 
Karharbari,  and  by  the  assistance  of  Mr.  Whitty,  Superintendent  of  the  East 
Indian  Railway  Co.’s  collieiies,  we  were  enabled  to  see  much  of  the  ground  in  a 
short  time.  Wo  came  to  the  conclusion  that  there  was  an  important  distinction 
between  the  Karharbari  coal  and  that  of  the  Damuda  series  (both  Barakar  and 
Raniganj),  the  laminated  structure  so  peculiarly  chai’acteristic  of  Damuda  coal 
being  almost  absent  in  the  Karhai'bari  seams,  and,  moreover,  the  conglomeratic 
beds  associated  with  the  Karhai’bari  strata  contained  subangular  fragments, 
whereas  the  Barakar  pebble  beds  contain  usually  none  but  well-rounded  jjebbles. 
The  topmost  beds  in  the  little  field  had  rather  the  aspect  of  Barakars,  and  some 
indications  appeared  to  suggest  that  these  beds  overlapped  the  Karharbari  group 
nnconformably,  but  this  was  not  by  any  means  clearly  determined.  Still,  con¬ 
sidering  the  great  similarity  between  all  the  coal-bearing  beds,  the  distinctions 
noticed  all  tended  to  bear  out  the  separation  of  the  group  first  suggested  by  the 
fossils. 

The  following  is  a  list  of  the  fossil  plants  determined  by  Dr.  F eistmantel :  — 

Eqtjisetacbj: — 

Yertehraria  Indica,  very  rare. 

ScMzoneura  sp.,  near  Equisetum  Meriani. 

Filices — 

Neuropteris  valida. 

Gangamopteris  cgelopteroides. 

G.  angitstifolia,  nntl  two  other  species  of  Oangamopteris. 

Olossopteris  decipiens. 

G.  communis. 

Saqenopteris  StoUczJeana. 

CvCADEACEiE — 

Glossozamites  ^toUezhana. 

Noeggerathia  {Zamia  ?)  Hislopi,  var. 

W.  Iz.  ?),  sp. 

A  peculiar  genus,  unnamed. 

CoNIFERjE — 

Voltzia  heteropliylla. 

Alhertia,  sp. 

If  this  flora  be  compared  with  that  of  the  Damuda  scries  quoted  at  page  134,  a 
very  marked  difEerence  will  be  noted,  a  difference  nearly,  if  not  quite,  as  marked 
as  that  which  divides  the  Damudas  from  the  Panchets,  and  which  is  considered 
by  Dr.  Feistmantel  to  justify  the  classification  of  the  former  as  Bunter,  and  of 
the  latter  as  Keuper.  Out  of  four  fairly  recognized  plants  in  the  Panchet  beds, 
one  is  a  Damuda  form,  but  it  is  the  commonest  and  best  preserved  of  the  Panchet 
species.  Of  the  sixteen  species  above  mentioned  only  three  arc  known  to  be 
found  also  in  the  Damudas,  viz.,  Olossopteris  cornmnnis,  Vortehraria  Indica  and 
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Noeggeratkia  Ilislopi  ;  of  these,  Vertebraria  is  very  rare  and  the  Noeggeratlda  difEers 
from  the  Damuda  form,  whilst  the  commonest  plants  of  the  Karharbari  strata, 
Gangamopteris  cyclopteroides  and  Neuropteris  valida,  are  unknown  in  the  Damuda 
series.  Moreover,  although  the  Talchirs  are,  as  a  rule,  nnfossiliferous,  a  few 
remains  of  plants  have  occasionally  been  found  in  them,  and  all  hitherto  found 
have  been  Karharbari  species.  It  appears,  therefore,  clear  that  on  pateontological 
grounds  the  Karharbari  bods  must  bo  separated  from  the  Damudas  and  classed 
with  the  Talchirs,  and  that  this  distinction  is  eonfinned  by  differences  in  mineral 
character  between  the  Damuda  and  Karharbari  beds.  Thus,  the  lower  Gond- 
wanas  of  Bengal  consist  of  three  weU-defined  sub-divisions,  Panchet,  Damuda 
and  Talchir,  each  with  a  distinct  flora.  I  should  add  that  Mr.  Hughes,  who  has 
more  experience  of  the  Gondwana  bods,  and  especially  of  the  lower  Gondwauas, 
than  any  other  officer  of  the  Geological  Survey  of  India,  concurs  in  the  distinc¬ 
tion  of  the  Karharbaii  beds  from  the  Damudas. 

There  can,  at  the  same  time,  be  no  question  that  there  is  a  distinct  and  very 
marked  connexion  between  the  flora  just  cited,  and  that  found  in  the  Bunter 
group  of  Europe.  The  connexion  is,  on  the  whole,  not  so  great  as  that  which 
exists  between  the  plants  of  the  Damuda  series  and  those  of  the  Australian  coal 
measures ;  but  stiU,  if  Voltsia  hdernpliylla  be  correctly  determined,  and  I  see  no 
reason  for  doubting  the  identification,  one  characteristic  Bunter  plant  is  present  in 
the  Karharbari  beds,  and  two  other  Karharbari  forms,  Neuropteris  valida  and  the 
AlbeHia,  appear  to  be  closely  allied  to  the  Bunter  species.  The  connexion  with  the 
coal  measures  of  Australia  (Newcastle  and  Stony  Creek)  beds  is  not,  on  the 
whole,  so  strong  as  in  the  Damudas,  although  Gangamopteris  angustifolia'  is  a 
species  found  in  the  Newcastle  group,  and  the  Vertebraria,  Glossopteris  and 
NoeggeratMa  are  closely  allied  to  Australian  coal  measure  forms,  so  that  altogether 
there  is  quite  as  good  reason  on  the  evidence  of  the  flom  for  connecting  the 
Karharbari  beds  by  homotaxis  with  the  Australian  bods,  classed  as  paleozoic 
by  the  most  competent  Australian  geologists,  as  with  the  lower  trias  of  Europe. 
In  the  Karharbari  beds,  too,  as  in  all  other  Gondwana  plant-bearing  beds,  there 
are  relations  to  several  different  European  formations.  Thus  Equisetpm  Meriani 
to  which  a  Karharbari  plant  is  said  to  be  nearly  allied  is  upper  triassic  (Keuper), 
Sagenopteris  is  upper  triassic,  rhastic  and  jurassic,  being  apparently  best  developed 
in  the  oolites ;  Glossozmiites  is  not  known  below  the  lias. 

It  is  m’ged  by  Dr.  Eeistmantcl  ^  that  the  triassic  and  mesozoic  affinities  of  the 
Karharbari  plants,  belonging  to  the  lowest  known  flora  of  the  Gondwana  system, 
tend  to  show  that  the  Karharbari  beds  are  “  triassic  or  at  least  mesozoic,”  and  he 
points  out  the  bearing  of  this  fact  upon  the  age  of  the  overlying  Damudas.  So 


‘  This  circumstance  was  not  noticed  by  Dr.  Feistraaiitcl,  Rec.  G.  S.  1.,  Vol.  IX,  p.  138,  when 
he  recorded  the  occurrence  of  G,  angusiffoHa  at  Karharbari,  He  only  mentioned  the  existence  of 
the  species  in  Victoria  “in  certainly  mesozoic  rocks,”  together  “with  Tceniopterii  Daintreei, 
McCoy,  which  is  characteiistic  of  mesozoic  rocks  in  Queensland.”  See  ante,  p.  143.  Qangamop- 
teris  angustifolia  was  originally  described  as  a  Cgelopteris  by  M:cCoy  from  the  Newcastle  coal 
measures,  Ann.  Mag.  Nat.  Hist.  1847,  Sor.  1,  XX,  p.  148. 

Rec.  G,  S.  I„  Vol.  X,  p.  139. 


148 


Records  of  the  Geological  Survey  of  India, 


[voL.  xr. 


far  as  it  goes,  the  argument  is  fair  and  fairly  urged,  but  it  is  not  conclusive,  and 
it  cuts  both  ways.  Dr.  Feistmantel  has  omitted  to  note  that  there  is  nearly,  if 
not  quite  as  strong  a  link  between  the  Karharbari  beds  and  the  upper  coal  mea¬ 
sures  of  Australia,  and  he  also  forgets  that  if,  as  Mr.  Clarke  and  other  Australian 
geologists  consider,  those  upper  coal  measures  are  palasozoic,  and  if  fossil  plants, 
like  VoUzia,  are  adequate  to  determine  age,  the  mai’ked  palteontological  connec¬ 
tion  between  the  Damuda  and  Newcastle  beds,  more  marked  than  the  Bunter 
affinities  of  the  Karharbari  strata,  would  show  the  Damudas  to  be  palseozoic,  and 
the  Karharbari  beds  are  older  than  the  Damudas. 

Talchie  geoup. — The  close  association  of  the  Talchir  and  Karharbari  groups 
renders  it  probable  that  any  age  which  must  be  assigned  to  the  one  must  be 
attributed  to  the  other  also.  The  view  appears  to  be  gaining  ground  rapidly  that 
the  connection  between  permian  and  trias  is  greater  than  was  at  one  time  sup¬ 
posed,  but  there  are  numerous  indications  that  the  permian  rocks,  containing  the 
poorest  of  all  known  faunas  of  a  great  geological  epoch,  and  corresponding  to  the 
greatest  change  in  animal  and  vegetable  life  of  which  any  record  has  been  pre¬ 
served  in  the  whole  palseontological  sequence,  may  have  been,  as  suggested  by 
Professor  Ramsay  ‘  many  years  ago,  a  cold  period  like  the  Glacial  epoch,  which 
has  in  comparatively  recent  times  affected  our  planet,  but  more  severe  or  more 
prolonged.  The  evidence  of  ice-bome  boulders  in  the  Talchir  beds,  as  pointed 
out  by  my  brother,  Mr.  H.  P.  Blanford,®  agrees  with  similar  indications  of 
glacial  transport  in  England  and  in  South  Africa,  and  this  clue,  however  faint, 
appears  to  me  more  promising  than  the  relations  of  fossil  plants. 

It  would,  however,  be  an  omission  if  I  did  not  call  attention  to  a  fact  which 
is  of  some  importance,  viz.,  that  in  certain  permian  European  floras  mesozoic 
forms  are  much  better  represented  than  pateozoic.  Compare,  for  instance,  the  list 
of  plants  recently  described  by  Heer  from  Eunfkirchen.®  This  flora  comprises  the 
genera  Baiera,  Voltzia  and  Schizolepis,  aU  mesozoic  types,  together  with  TJllmania, 
which  is  peculiar  to  permian  beds,  there  being  but  one  carboniferous  genus 
present. 

In  formulating  the  conclusions  for  which  I  have  endeavoured  to  show  my 
reasons  in  the  preceding  pages,  I  shall  only  notice  the  more  important. 
If  Dr.  Feistmantel  chooses  to  reply,  I  beg  to  point  out  that  these  are  the  essential 
questions  to  be  decided.  It  is  no  answer  to  me  to  prove  that  I  have  overlooked 
some  paragraph  of  his,  or  that  I  have  made  a  slip  about  the  name  or  relations  of 
a  fossil-plant.  I  do  not  pretend  to  a  knowledge  of  palseo-botany,  and  I  shall 
probably  be  shown  to  have  erred  in  some  trifling  and  secondary  matters,  as  I  did 
before.  As  no  competent  critic  has  hitherto  attempted  to  analyse  Dr.  Peistmantel’s 
work,  and  as  I  believe  I  have  shown  that  work  to  be  deficient  in  accuracy,  I  ask 
geologists  to  suspend  their  judgment  as  to  his  conclusions  until  these  have  been 

1  Q.  J.  G.  S..  Vol.  XI,  1855,  p.  198,  &c. 

2  Q.  J.  G.  S.,  1875,  p.  528. 

2  Jahr.  K.  Ung.  Geol.  Anst,  Vol.  V,  1876,  quoted  in  Verli.  K.  K,  Geol.  Reichsanst.  Wien. 
1877,  p.  42. 
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re-examined  by  a  practised  paleontologist.  My  object  is  gained  if  I  have  called 
attention  to  the  subject,  and  have  defended  my  old  colleagues  from  Dr.  Feistmanter.s 
•systematic,  if  unintentional,  tendency  to  disparage  their  work. 

The  conclusions  are  as  follows  : — 

I.  The  evidence  adduced  by  Dr.  Feistmantel  to  prove  that  the  Umia  beds  of 
Cutch  are  not  upper  jurassic  would  be  insufficient,  even  if  it  were  correct,  and 
the  greater  portion  of  it  is  incorrect.  Some  of  the  forms,  and  amongst  these 
the  most  important,  quoted  as  evidence  of  an  older  age,  really  confirm  Dr. 
Waagen’s  view  that  the  beds  are  highest  jurassic,  (Tithonian  or  Poi-tlandian) 
and  the  Cutch  plant-beds  may  have  been  contemporaneous  with  Wealden,  as  Dr. 
Stoliczka  considered. 

II.  The  evidence  brought  forward  to  prove  the  Rajmahal  beds  lias  is  insufficient 
to  justify  the  conclusion. 

III.  No  sufficient  proof  of  connection  between  the  Panchet  group  and  the 
Keuper  has  been  adduced  to  show  that  the  two  are  of  the  same  age  or  related  by 
homotaxis. 

IV.  The  evidence  on  which  the  Maugli  bods  are  classed  as  rhffitic  and  as 
newer  than  the  Panchets  is  based  upon  various  mistakes  and  omissions,  whilst 
the  geological  evidence  upon  which  the  Mdngli  beds  were  referred  to  the  Kamthi 
group  (probably  older  than  Panchet)  is  indisputable,  aud  would  suffice  to  show 
Dr.  Feistmantel’s  classification  of  the  beds  to  bo  erroneous,  even  if  his  paleonto¬ 
logical  data  were  correct,  which  they  are  not. 

V.  In  short,  if  the  affinities  of  the  plant-fossils  with  those  in  European  rocks 
were  alone  regarded,  the  whole  Gondwana  system  above  the  Karharbari  group 
would  be  probably  classed  as  equal  to  European  beds  from  middle  jurassic  to 
rhaetic,  and  it  is  highly  probable  that  the  lower  Gondwana  Damuda  flora  would 
be  classed  as  newer  than  the  upper  Gondwana  Rajmahal,  as  indeed  it  has 
been,  in  part  at  least,  by  no  less  authorities  than  De  Zigno  and  Schimper. 
On  the  evidence  produced  by  Dr.  Feistmantel  himself,  both  Rajmahals  and  Pan¬ 
chets  are  most  closely  affined  by  homotaxis  to  the  same  minor  European  formation, 
the  rhsetic,  although  between  the  two  Indian  groups  there  is  the  greatest  break, 
both  stratigraphical  and  palaeontological,  in  tho  whole  Gondwana  system. 

VI.  No  evidence  of  any  value  has  been  produced  to  establish  the  classification 
of  the  Damuda  series  as  lower  triassic  (Bunter)  ;  the  Damuda  flora  has  far  less 
in  common  with  the  Bunter,  or  with  any  triassic  European  flora,  than  with 
that  of  the  upper  coal  measures  of  Newcastle,  &c.,  in  New  South  Wales,  and  the 
mesozoic  relations  of  the  Damuda  flora,  which,  after  all,  are  not  stronger  than  the 
affinities  to  the  Australian  upper  coal-measure  flora,  are  m.ade  out  by  selecting 
for  comparison  plants  from  various  European  formations  ranging  from  middle 
jurassic  to  lower  triassic. 

VII.  The  classification  given  by  Dr.  Feistmantel,  and  stated  to  be  on  the  autho¬ 
rity  of  Mr  Clarke,  for  the  Australian  plant-bearing  beds,  differs  materially  from 
all  the  data  published  by  Mr.  Clarke  himself,  and  the  union  of  the  Newcastle 
beds  with  the  Wyanamatta  and  Hawkesbury  rocks  instead  of  with  the  lower  coal 
measures  of  Stony  Creek,  &c.,  is  opposed  to  all  the  published  evidence,  and  is 
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supported  by  arguments  which  are  either  inaccurate  or  insufficient.  No  reasons 
of  any  value  have  as  yet  been  assigned  for  the  separation  of  the  Newcastle  beds  of 
Australia  from  the  lower  coal  measures  with  marine  fossils. 

VIII.  The  Karharbari  beds  must  be  separated  from  the  Damndas  and  classed 
with  the  Talchirs,  and  the  paleeontological  distinction  from  the  Damndas  is  equal 
to  that  on  the  strength  of  which  the  Panchets  were  removed  form  the  Damuda 
series. 

IX.  It  is  just  as  reasonable  to  assert  that  the  Damndas  and  Karharbari  beds  are 
carboniferous,  bocau.se  plants,  such  as  Qlossoptcris  Broim.iana,  which  are  proved  to 
be  of  carboniferous  age  in  Australia,  occur  in  the  higher  of  the  Indian  groups, 
as  it  is  to  conclude  that  the  whole  of  the  low'er  Grondwanas  are  mesozoic  because 
some  triassic  European  forms,  such  as  Voltzia  heterophylla,  are  found  in  the  inferior 
Indian  subdivision,  but  in  neither  case  is  the  evidence  such  as  to  render  it  wise  to 
come  to  any  positive  and  unqualified  conclusion. 

X.  That  the  upper  Gondwana  may  be  taken  approximately  as  equivalents 
of  the  European  Jurassic  series,  and  the  lower  Gondwanas  also  approximately 
as  triasso-permian,  but  that  anything  like  close  definition  of  minor  horizons 
in  the  Gondwana  system,  or  any  attempt  at  e.stablishing  the  exact  correspondence 
of  different  groups  in  India  and  Europe  is  premature. 

XI.  Finally  that,  as  the  veteran  botanist  Alphonse  de  Condolle  has  recently 
pointed  out,i  ^n  attempt  to  determine  geological  epochs  in  countries  remote  from 
Europe  by  fossil  plants  alone,  can  only  lead  to  error.  I  doubt  whether  terrestrial 
and  fresh- water  animals  are  much  more  distinctive  of  geological  age  than  plants. 

On  a  review  of  the  whole  subject  of  the  age  of  the  Gondwana  system  I  can  only 
conclude,  first,  that  Dr.  Feistmantel’s  attempt  to  make  all  the  Indian  groups  fit 
into  the  established  grooves  in  the  European  sequence  is  a  failure ;  and,  secondly, 
that  the  constant  assertion  that  particular  groups  belong  to  distinct  European 
sub-divisions  such  as  lias,  Keuper  or  Bunter,  is  misleading  and  unscientific.  I  believe 
that  the  plan  pursued  by  Dr.  Oldham  and  by  all  the  other  members  of  the  Indian 
Geological  Survey  before  Dr.  Feistmantel’s  arrival,  of  abstaining  from  any  attempt 
at  exact  correlation,  and  of  using  due  caution  in  suggesting  relations  of  beds,  was 
wiser  and  more  scientific  than  Dr.  Feistmantel’s  positive  assertions  as  to  the  age 
of  various  Indian  rocks. 


On  “Remarks,  &c.,  by  Me.  Theobald  upon  Erratics  in  the  Punjab.” 

(Records,  Geological  Survey  of  India,  Vol.  X,  p.  223.) 

Referring  to  these  remarks,  I  wish  to  suggest  that  the  ambiguity  noticed 
disappears  when  the  subject  is  considered  from  the  general  point  of  view  in 
which  it  presented  itself  to  mo. 

The  erratics  of  the  Punjab  were  treated  of  in  my  paper  simply  as  wandering 
fragments,  some  of  which  could  be  attributed  to  ice  flotation,  and  some  to  other 


’  Bibliotlieque  Uuiverselle,  Arch.  Sci.  Phys.  Nat.  1875,  Vol.  LIV,  p.  399. 
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local  transporting  agency ;  tliougli  tliere  was  evidence  to  connect  these  also  with 
glacial  conditions. 

I  did  not  refer  these  erratics  collectively  to  any  particular  or  post-tertiary 
glacial  period,  because  some  of  them  presented  indications  of  older  glacial  con¬ 
ditions.  My  object  wms  to  record  the  presence  of  travelled  (erratic)  masses,  and 
the  probable  mode  of  accounting  for  them,  rather  than  to  establish  their  chrono¬ 
logical  relations,  or  advance  theories  regarding  glacial  conditions  in  the  Punjab. 

I  think  the  origin  most  lately  relied  upon  for  the  red  granite  blocks  in  the 
direction  of  the  Salt  Range  open  to  uncertainty,  both  on  account  of  the  quantities 
of  these  blocks  locally  present,  and  of  the  disintegrating  nature  of  granites 
generally,  but  still  more,  because  the  conformity  of  the  whole  Salt  Range  series, 
long  since  pointed  out  by  Mr.  Theobald  (Journal,  Asiatic  Society  of  Bengal, 
XXIII,  1854,  p.  656)  is  opposed  to  the  idea  that  bouldcra  derived  from  this  sci-ies 
below  the  nummulitic  gi-oups  could  bo  enclosed  in  upper  members  of  the  same 
conformable  sequence  of  beds. 

The  largest  of  these  red  granite  blocks  present  no  essential  difference  in  their 
manner  of  occurrence  from  that  of  the  other  masses  supposed  to  have  been  ice- 
borne  ;  they  cannot  be  traced  to  local  disintegration  of  a  boulder  bed  below  the 
Oholm  zone,  as  this  conglomerate  docs  not  occur  in  their  vicinity,  and  they  greatly 
exceed  in  size  the  blocks  of  the  adjacent  cretaceous  (?)  boulder  bed. 

Being  evidently  transported  detrital  masses,  I  conceive  that  the  name  “  erratics” 
is  applicable  to  the  whole  of  these  traA-elled  boulders  of  the  Upper  Punjab.' 

A.  B.  WYXNE. 

January  1878. 


*  Having  so  defined  tlie  word  erratic,  Mr  Wynne  is,  of  course,  entitled  to  the  benefit  of  the 
explanation.  According  to  current  usage,  an  erratic  would  certainly  be  undei'stood  to  iinjily 
transport  by  ice,  if  not  even  an  appropriation  to  the  familiar  glacial  period.  The  essential 
meaning  the  word  seems  fitted  to  convey  is  some  form  of  flotation  distinct  from  the  ordinary 
agencies  of  denudation.  As  meaning  simply  a  stone  not  in  place,  the  word  would  be  of  very  little 
use.-— H.  B.  M. 
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ADDITIONS  TO  THE  LIBRARY 
Feom  1st  October  to  31st  December  1877. 

HdlLes  oj  RooJvS.  Donors 

AbLandlungen  zur  Geologischen  Specialkarte  von  Preussen  und  den  Thuringischen 
Staaten,  Band  II,  Left  I,  witli  Atlas  (1876),  8vo,  Berlin. 

Abich,  H. — Aper^u  de  mes  voyages  en  Trans-cancasie  en  1864  (1865),  8vo, 
Sarepta. 

Abich,  H.  Geologisclie  Beobachtnngen  anf  Reisen  in  den  Gebirgslandorn  zwiscben 
Knr  und  Araxe.s  (1867),  4to,  Tiflis. 

Abich,  H.  Vergleicbende  Geologiscbe  Grnndziige  der  Kaukasiscben,  Armeniscben 
und  Nordpersiscben  Gebirgo  (1858),  4to,  St.  Petersburg. 

Atkinson,  E.  T. — Notes  on  the  Economic  Mineralogy'  of  tbe  Hill  Districts  of  tbe 
N.-W.  Provinces  of  India  (1877),  8yo,  Allahabad. 

The  Author. 

Corbett,  A.  F. — Tbe  Climate  and  Resources  of  Upper  India  (1874),  8vo,  London. 

Dana,  E.  S. — Text  Book  of  Mineralogy  (1877),  8vo,  New  York. 

Encyclopiedia  Britannica,  9tb  Edition,  Vol.  VI  (1877),  4to,  Edinburgh. 

Fleischer,  De.  Emil.— A  System  of  Volumetric  Analysis  (1877),  8vo,  London. 

Geand’Euey,  F.  C. — Flore  Carbonifere  dn  Departement  de  la  Loire  et  du  centre 
de  la  France,  Parts  I  and  II  and  Atlas  (1877),  4to,  Paris. 

HiioEL,  F.  K.  VON.  Das  Kabul-Becken  und  die  Gobirge  zwischen  dem  Hindu 
Kosch  und  der  Sutlej  (1850),  4to,  Wien. 

JaiGEE,  De.  G.  F. — Ueber  die  Pflanzenversteinerungen  (1827),  4to,  Stuttgart. 

Just,  Dr.  Leopold. — Botanischer  Jahroshefte,  Jahrg.  Ill,  heft  1-2  (1876),  8vo, 
Berlin. 

McClelland,  De. — Reports  on  the  Coal  and  Mineral  Resources  of  India  (1838), 
8vo,  Calcutta. 

Meneghini,  Prop.  G. — Nuove  specie  di  Phylloceras  e  di  Lytoceras  del  Liasse 
superiore  d’ltalia,  4to,  Pisa. 

Miller,  S.  A. — The  American  Palffiozoic  Fossils  (1877),  8vo,  Cincinnati. 

Mooeceoft,  Wm.,  and  Teebbck,  Geo.— Travels  in  the  Himalayan  Provinces  of 
Hindustan  and  the  Punjab,  Vols.  I  and  II  (1841),  8vo, 
London. 

Oreigny,  a.  de. — Paleontologie  Franfaiso,  Terrain  Cretace,  Animaux  Invertebres, 
Lief  27,  Zoophytes  and  Lief.  38,  1st  series  (1877),  8vo, 
Paris. 

Penning,  W.  H. — Field  Geology  (1876),  8vo,  London. 

Richthofen,  F.  von. — China,  Band  I  (1877),  4to,  Berlin. 

The  Author. 

Robinson,  Wm. — A  Descriptive  Account  of  A.ssam  (1841),  8vo,  Calcutta. 

Romee,  Ferd. — Letheea  Geognostica,  Theil  I,  Lethsea  Pateozoica,  Atlas  (1876), 
8vo,  Stuttgart. 

Roscoe,  H.  E.,  and  Schorlemmee,  C. — A  Treatise  on  Chemistry :  Vol.  I,  Non- 
Metallic  Elements  (1877),  8vo,  London. 
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Streeter,  B.  W. — Precious  Stones  and  Gems  (1877),  8to,  London. 

The  Geological  Record  for  1876  (1877),  8to,  London. 

ZiKKEL,  Ferdinand. — Microscopical  Petrography  (1876),  4to,  Washington. 

U.  S.  Geod.  Exploration. 


PERIODICALS,  SERIALS,  &c. 


American  Journal  of 


Science  and  Arts,  3rd  Series,  Vol.  XIV,  Nos.  80-82  (1877), 
8vo,  Newhaven. 

The  Editors. 


Annalen  der  Physik  und  Chemie,  New  Series,  Band  I,  heft  4,  and  II,  heft  1-2, 
(1877),  8yo,  Leipzig. 

Annales  des  Mines,  7th  Serie.s,  Vol.  XI,  livr.  1-3,  and  XII,  livr.  4  (1877),  8ro., 
Paris. 


L’Admiss.  des  Mines. 


Annals  and  Magazine  of  Natural  History,  4th  Series,  Vol.  XX,  Nos.  117-119 
(1877),  8vo,  London. 

Archiv  fiir  Naturgeschichte,  Jahrg.  XL,  heft  6  ;  XLI,  heft  5  ;  and  XLIII,  heft  2-3 
(1874,  1875  and  1877),  8vo,  Berlin. 

Athenffium,  Nos.  2603 — 2615  (1877),  4to,  London. 

Bihliotheque  Universelle  et  Revue  Suisse,  New  Sei’ies,  V ol.  LVI,  o.  224 ;  Vol.  LIX, 
Nos.  235-236;  and  LX,  Nos.  237-238  (1876-77),  8to, 
Lausanne. 

„  Archives  des  Sciences  Physiques  et  Naturelles,  New  Series,  Vol. 

LVII,  Nos.  227-228  (1877),  8vo,  Geneva. 

Chemical  News,  Vol.  XXXVI,  Nos.  929-941  (1877),  4to,  London. 

Colliery  Guardian,  Vol.  XXXIV,  Nos.  871-883  (1877),  fol.,  London. 

Geographical  Magazine,  Vol.  IV,  Nos.  9-12  (1877),  royal  8vo,  London. 

Geological  Magazine,  New  Series,  Decade  II,  Vol.  IV,  Nos.  9-11  (1877),  8vo, 
London. 

Journal  de  Conchyliologie,  3rd  Series,  Vol.  XVII,  No.  3  (1877),  8vo,  Paris. 

London,  Edinburgh,  and  Dublin  Philosophical  Magazine  and  Journal  of  Science, 
5th  Series,  Vol.  IV,  Nos.  24-26  (1877),  8vo,  London. 

Mining  Journal,  with  Supplement,  Vol.  XLVII,  Nos.  2194-2206  (187t),  fob, 
London. 

Nature,  Vol.  XVI,  Nos.  411-422  (1877),  4to,  London. 

Neues  Jahrbuch  fiir  Mineralogie,  Geologic  und  Palieontologie,  Jahrg.  1877,  heft 
2  and  7-8  (1877),  8vo,  Stuttgart. 

Palaaontographica,  Band  XX,  Abth.  2,  Lief.  5  (1874),  4to,  Cassel. 

Petermann,  Dr.  A. — Geogi-aphische  Mittheilungon,  Band  XXIII,  Nos.  9-11 
(1877),  4to,  Gotha. 

Petermann,  De.  A.— Geographische  Mittheilungen,  Supjdemcnt — Band  XLI, 
(1875),  4to,  Gotha. 

Professional  Papers  on  Indian  Engineering,  2nd  Series,  Vol.  1  I,  No.  26  (18/ /), 
8vo,  Roorkee. 

'  Thomason  College  or  Civil  Engineering. 

u 
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Quarterly  Journal  of  Microscopical  Science,  New  Series,  No.  LXVIII  (1877), 
8to,  London. 

Quarterly  Journal  of  Science,  No.  LVI  (1877),  8vo,  London. 

Ecports  of  tlie  Mining  Surveyors  and  Registrars  for  quarter  ending  SOth  June 
1877  (1877),  flsc.,  Melbourne. 

Government  Mining  Department. 


GOVERNMENT  SELECTIONS,  &c. 

Bombay.— Gazette  of  tlie  Bombay  Presidency,  Vol.  II,  Gujarat,  Surat,  and  Broach 
(1877),  8vo,  Bombay. 

Bombay  Government. 

British  Burma. — Report  on  Civil  and  Criminal  Justice  in  British  Burma  for 
1876  (1877),  8vo,  Rangoon. 

Chief  Commissioner  op  British  Burma. 

Central  Provinces. — Report  on  the  Administration  of  the  Central  Provinces  for 
1876-77  (1877),  8vo,  Nagpur. 

Chief  Commissioner,  Central  Provinces* 

Hyderabad. — Report  on  the  Administration  of  the  Hyderabad  Assigned  Districts 
for  1876-77  (1877),  8vo,  Hyderabad. 

The  Resident,  Hyderabad. 

India. — Annual  Administration  Report  of  the  Garo  Hills  for  1876-77  (1877),  8vo, 
Calcutta. 


Foreign  Department. 

Annual  Administration  Report  of  the  Naga  Hills  Political  Agency  for 
1876-77  (1877),  8vo,  Calcutta. 

Ditto. 

Indian  Meteorologist’s  Vade-Mecum,  Parts  I  and  II  and  Tables  for  the 
Reduction  of  Meteorological  Observations  in  India  (1876), 
8vo,  Calcutta. 

Meteorological  Reporter. 

List  of  Civil  Officers  holding  Gazetted  Appointments,  under  the  Govern¬ 
ment  of  India,  in  the  Home,  Legislative,  and  Foreign 
Departments  on  1st  July  1877  (1877),  8vo,  Calcutta. 

Home  Department. 

Lists  of  Officers  in  the  Survey  Departments  on  the  1st  October  1877 
(1877),  flsc.,  Calcutta. 

Department  op  Revende,  Agriculture  and  Commerce. 

Selections  from  the  Records  of  the  Government  of  India,  Foreign 
Department,  No.  138.  Report  on  the  Administration  of 
the  Persian  Gulf  Political  Residency  and  Muscat  Political 
Agency,  1876-77  (1877),  8vo,  Calcutta. 

Foreign  Department- 
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India. — Selections  from  the  Records  of  the  Government  of  India,  Foreign 
Department,  No.  139.  Report  on  the  Political  Adminis¬ 
tration  of  the  Rajpootana  States  for  1876-77  (1877),  8vo, 
Calcutta. 

Foreign  Department. 

„  Selections  from  the  Records  of  the  Government  of  India,  Foreign  De¬ 
partment,  No.  140.  Report  on  the  Administration  of  the 
Ajmere  and  Mhairwara  Districts  for  1876-77  (1877),  8vo, 
Calcutta. 

Foreign  Department. 


TRANSACTIONS,  PROCEEDINGS,  &c.,  OF  SOCIETIES. 

Batavia. — Berg,  L.  W.  van  den. — Vcrslag  van  Maleische  Arahische  Javaansche 
Handschriftcn  (1877),  8vo,  Batavia. 

The  Society. 

„  Catalogus  der  Ethnologische  Afdeeling  van  het  Museum  van  het  Bata- 
viaasch  Genootschap  (1877),  8vo,  Batavia. 

Ditto. 

„  Het  Maleisch  der  Molukkon  (1876),  4to,  Batavia. 

Ditto. 

„  Notulen  van  det  Bataviaasch  Genootschap,  Deel  XIV,  Nos.  2-4  (1876-77), 
8vo,  Batavia. 

Ditto. 

,,  Tijdschrift  voor  indische  Taal-Land-en  Volkenkunde,  Dool  XXIII,  Nos. 
5-6,  XXIV,  Nos.  1-3  (1876-77),  8vo,  Batavia. 

Ditto. 

Berlin. — Monatshericht  der  k.  Preuss.  Akademie  der  'Wissenschaften,  June  to 
August  (1877),  8vo,  Berlin. 

The  Academy. 

„  Zeitschrift  der  Doutschen  Geologischeu  Gesellschaft,  Band  XXIX,  heft 
2  (1877),  8vo,  Berlin. 

The  Society-, 

„  Zeitschrift  fiir  die  Gesammten  Naturwissenschaften,  New  Series,  Band 
XIV,  Nos.  10-12  (1876),  8vo,  Berlin. 

Boston. — Annual  Report  of  the  Trustees  of  the  Museum  of  Comparative  Zoology 
for  1875  and  1876  (1876-77),  8vo,  Boston. 

The  Mdsedm. 

„  Memoirs  of  the  Boston  Society  of  Natural  History,  Vol.  11,  Pt.  IV, 
No.  5  (1877),  4to,  Boston. 

The  Society. 

„  Proceedings  of  the  Boston  Society  of  Natural  History,  Vol.  XVlll, 
Pts.  3  and  4  (1876),  8vo,  Bo.ston. 
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Boston. — Proceedings  of  the  American  Academy  of  Arts  and  Sciences,  New 
Series,  Vols.  III-IV  (1876-77),  8vo,  Boston. 

The  Academy. 

Budapest. — Mittheilungen  ausdem  Jahrbnche  der  kon.  TJngarischen  Geologischen 
Anstalt,  Band  VI,  heft  1  (1877),  8vo,  Budapest. 

The  Institute. 

Buffalo. — Bulletin  of  the  Buffalo  Society  of  Natural  Sciences,  Yol.  Ill,  No.  4 
(1877),  8vo,  Buffalo. 

The  Society. 

Calcutta. — Journal  of  the  Asiatic  Society  of  Bengal,  No.  114  (1841),  8to, 
Calcutta. 

Ditto. 

„  Journal  of  the  Asiatic  Society  of  Bengal,  New  Series,  Yol.  XLYI, 
Part  II,  No.  3  (1877),  8vo,  Calcutta. 

Ditto. 

„  Proceedings  of  the  Asiatic  Society  of  Bengal,  New  Series,  No.  9, 
November  (1877),  8vo,  Calcutta. 

Ditto. 

Cambridge,  Mass. — Bulletin  of  the  Museum  of  Comparative  Zoology,  Yol.  Ill, 
Nos.  8-16  (1876),  8vo,  Cambridge. 

Comp.  Zoology  Museum. 

„  ,,  Illustrated  Catalogue  of  the  Museum  of  Comparative  Zoology, 

Yol.  VII,  Parts  4  and  8,  Part  1  (1874),  4to,  Cambridge. 

Ditto. 

„  Memoirs  of  the  Museum  of  Comparative  Zoology,  Yol.  II,  No.  9 ;  lY, 
No.  10;  and  V,  No.  1  (1876-77),  4to,  Cambridge. 

Ditto. 

Davenport. — Proceedings  of  the  Davenport  Academy  of  Natural  Sciences,  Yol.  I 
(1867-76),  8vo,  Davenport. 

The  Academy. 

Prankfubt. — Abhandlungen  dor  Senckenbergischen  Naturforschonden  Gesells- 
chaft,  Band  XI,  heft  1  (1877),  4to,  Frankfurt. 

Glasgow. — Proceedings  of  the  Philosophical  Society  of  Glasgow,  Yol.  X,  2 
(1877),  8vo,  Glasgow. 

The  Society. 

Lausanne. — Bulletin  de  la  Societe  Vaudoise  des  Sciences  Naturellcs,  2nd  Series, 
Yol.  XY,  No.  78  (1877),  8vo,  Lausanne. 

Ditto. 

Liverpool. — Proceedings  of  the  Liverpool  Geological  Society,  Yol.  Ill,  Part  2 
(1876),  8vo,  Liverpool. 

Ditto. 

London. — A  Guide  to  the  Exhibition  Rooms  of  the  British  Museum,  Departments 
of  Natural  History  and  Antiquities  (1877),  8vo,  London. 

British  Museum. 
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London— Butler,  A.  G-. — Illustrations  of  Typical  Specimens  of  Lepidoptera 
Heterocera  in  the  British  Museum,  Part  I  (1877),  4to, 
London. 

British  Museum. 

„  Owen,  Richard. — Descriptive  and  Illustrated  Catalogue  of  the  Fossil 
Reptilia  of  South  Africa  in  the  British  Museum  (1876), 
4to,  London. 

Ditto. 


Sharpe,  R.  B. — Catalogue  of  the  Passeriformes  in  the  British  Museum, 
Vol.  Ill  (1877),  8vo,  London. 

Ditto. 

Smith,  F. — Catalogue  of  the  British  Bees  in  the  British  Museum 
(1876),  8vo,  London. 

Ditto. 

Woodward,  H.— Catalogue  of  the  British  Fossil  Crustacea  (1877), 
8vo,  London. 

Ditto. 

Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland, 
Vol.  VII,  No.  1  (1877),  8vo,  London. 

Journal  of  the  Linnean  Society  of  London,  Zoology,  Vol.  XII,  No.  64 
to  XIII,  No.  71.  Botany,  Vol.  XV,  No.  85,  to  XVI,  No.  92, 
with  list  of  Fellows  for  1876  (1877),  8vo,  London. 

The  Society. 

Transactions  of  the  Linnean  Society,  2nd  Series,  Zoology,  Vol.  I,  Part 
4;  Botany,  Vol.  I,  Part  4  (1876-77),  4to,  London. 

Ditto. 

Journal  of  the  Royal  Asiatic  Society  of  Great  Britain  and  Ireland, 
New  Series,  Vol.  IX,  Part  2  (1877),  8vo,  London. 

Ditto. 

Journal  of  the  Royal  Geographical  Society,  Vol.  XLVI  (1876),  8vo, 
London. 

Ditto. 

Proceedings  of  the  Royal  Geographical  Society,  Vol.  XXI,  Nos.  4-6 
(1877),  8vo,  London. 

Ditto. 

Proceedings  of  the  Royal  Society  of  London,  Vol.  XXVI,  Nos.  181-183 
(1877),  8vo,  London. 

Ditto. 

Proceedings  of  the  Zoological  Society  of  London,  Part  II  (18/7),  8vo, 
London. 

Ditto. 

Transactions  of  the  Zoological  Society  of  London,  Vol.  X,  Part  2 
(1877),  4to,  London. 


Ditto. 
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London. — Quarterly  Journal  of  the  Geological  Society  of  London,  Vol.  XXXIII, 
Part  II,  No.  130,  and  Part  III,  No.  131  (1877),  8vo,  London. 

Beitish  Museum. 

„  Report  of  the  46th  Meeting  of  the  British  Association  for  the  Advance¬ 
ment  of  Science  (1877),  8vo,  London. 

Munchen. — Abhandlungen  dor  math.  phys.  classe  der  k.  Bay.  Akadcmie  der  Wis- 
senschaften  zu  Munchen,  Band  XII,  Abth.  3  (1876),  4to, 
Munchen. 

The  Academy. 

„  Sitzungsberichte  der  math.  phys.  classe  der  k.  Bay.  Akademie  der 
Wissenschaften  zu  Munchen,  Heft.  II  (1876),  8vo, 
Munchen. 


Ditto. 

Paris. — Bulletin  de  la  Societe  Geologique  do  France,  3rd  Series,  Vol.  IV, 
Nos.  11-12,  and  Vol.  V,  Nos.  4-6^(1876-77),  8vo,  Paris. 

The  Society. 

Penzance. — Transactions  of  the  Royal  Geological  Society  of  Cornwall,  Vol.  IX, 
Part  3  (1877),  8vo,  Penzance. 

Ditto. 

Philadelphia. — Journal  of  the  Academy  of  Natural  Sciences,  New  Series, 
Vol.  VIII,  Part  2  (1876),  4to,  Philadelphia. 

The  Academy. 


„  Journal  of  the  Franklin  Institute,  3rd  Series,  Vol.  LXXIV, 

Nos.  3-5  (1877),  8vo,  Philadephia. 

The  Institute. 

,,  Proceedings  of  the  American  Philosophical  Society,  Vol.  XV, 

No.  96 ;  and  XVI,  No.  98  (1876-77),  8vo,  Philadelphia. 

The  Society. 

Plymouth. — The  62nd  and  63rd  Annual  Reports  of  the  Royal  Society  of  Corn¬ 
wall  (1876-77),  8vo,  Plymouth. 

Ditto. 

Rome. — Bollettino  R.  Comitato  Geologico  d’ltalia  Nos.  7-10  (1877),  8vo,  Romo. 

The  Geological  Commission. 

Salem,  Mass. — Bulletin  of  the  Essex  Institute,  Vol.  VIII  (1876),  8vo,  Salem. 

The  Institute 

St.  Peteesbueg. — Bulletin  de  I’Academie  Imp  riale  des  Sciences  de  St. 

Petersbourg,  Vol.  XXII,  Nos.  1-4,  and  XXIII,  Nos.  1-2 
(1876-77),  4to,  St.  Petersburg. 

The  Academy. 

„  Memoires  de  I’Academie  Imperiale  des  Sciences  de  St. 

Petersbourg,  7th  Series,  Vol.  XXII,  Nos.  11-12  ;  XXIII, 
2-8 ;  XXIV,  1-3  (1876-77),  4to,  St.  Petersburg. 

Ditto. 
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Stuttgart. — Wiirttembergisclie  naturwissenschaftliche  Jahreshefte,  Jahrg. 

XXXIII,  heft.  3  (1877),  4to,  Stuttgart. 

Sydney. — Rules  and  List  of  Members  of  the  Royal  Society  of  XeYY  South  Wales 
(1877),  8to,  Sydney. 

The  Society. 

Toronto. — Canadian  Journal  of  Science,  Literature  and  History,  New  Series, 
Vol.  XV,  Nos.  6-7  (1877),  8vo,  Toronto. 

The  Institute. 

Vienna. — Abhandlungen  der  k.  k.  Geologischen  Reichsanstalt,  Band  VII,  Part 
4  ;  and  IX  (1877),  4to,  Vienna. 


Ditto. 

Vienna. — Jahrbuch  derk.  k.  Geologischen  Reichsanstalt,  Band  XXVII,  Nos.  1-2, 
(1877),  8vo,  Vienna. 

Ditto. 

„  Verhandlungen  der  k.  k.  Geologischen  Reichsanstalt,  Nos.  1-10  (1877), 
8vo,  Vienna. 


Ditto. 

Washington. — Annual  Report  of  the  Board  of  Regents  of  the  Smithsonian 
Institute  for  1875  (1876),  8vo,  Washington. 


Ditto. 

Bulletin  of  the  U.  S.  Geological  and  Geographical  Survey  of  the 
Territories,  2nd  Series,  No.  2,  and  Vol.  Ill,  Nos.  2-3 
(1875  &  1877),  8vo,  Washington. 


The  Survey. 

Catalogue  of  the  Publications  of  the  U.  S.  Geological  and  Geo¬ 
graphical  Survey  of  the  Territories,  2nd  Edition  (1877), 
8vo,  Washington. 

Ditto. 

U.  S.  Geological  Survey  of  the  Territories.  VII.  Ethnography  and 
Philology  of  the  Hidatsa  Indians,  by  W.  Matthews  (1877), 
8 VO,  Washington. 

Ditto. 

U.  S.  Geological  Survey  of  the  Territories.  Lists  of  Elevations, 
by  H.  Garnett,  4th  Edition  (1877),  8vo,  Washington. 

Ditto. 

The  Grotto  Geyser  of  the  Yellowstone  National  Park,  royal  4to. 

Ditto. 

Monthly  Reports  of  the  Department  of  Agriculture  for  1875  and 
1876  (1876-77),  8vo,  Washington. 

Dept,  op  Agric.,  U.  S.  A. 

Report  of  the  Commissioner  of  Agriculture  for  1875  (1875), 
8vo,  Washington. 

Ditto. 


U.  S.  Coast  Survey.  Meteorological  Researches  for  the  Use  of  the 
Coast  Pilots,  Part  1  (1877),  4to,  Washington. 

U.  S.  Coast  Survey. 
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Weilington. — Transactions  and  Proceedings  of  the  New  Zealand  Institute, 
Vol.  IX,  (I8?7),  8vo,  Wellington. 

The  Institute. 

„  Geological  Survey  of  New  Zealand.  Maps  of  the  Buller  Coal- 

Pield  to  illustrate  Geological  Reports,  1874-77  (1877), 
fisc.,  Wellington. 

The  Survey. 

York.— Communications  to  the  Monthly  Meetings  of  the  Yorkshire  Philosophical 
Society  (1876),  8vo,  York. 

The  Society. 

January  1878. 
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Part  2.]  1878.  [May. 


On  the  Geology  op  Sind,  (second  Notice,)  hy  W.  T.  Blanfoed,  A.  R.  S.M., 
F.R.  S.,  Geological  Survey  of  Lidia. 

Introduction. — A  brief  account  of  the  Geology  of  Sind,  so  far  as  the  structure 
of  the  country  had  been  ascertained  by  one  short  season’s  work,  was  given  in  the 
Records  of  the  Geological  Survey  for  1876. ‘  Two  whole  seasons,  1875-76  and 
1876-77,  have  since  been  devoted  by  Mr.  Fedden,  and  one  season  and  part  of  a 
second  by  myself  to  the  geological  examination  of  the  province,  and,  as  might 
have  been  expected,  several  additions  of  more  or  less  importance  have  been  made 
to  our  previous  knowledge,  whilst  in  a  few  cases  it  has  been  found  that  our  first 
conclusions  were  incorrect.  As  before,  Mr.  F edden’s  notes  are  combined  with  my 
own,  and  I  am  indebted  to  my  colleague  for  a  large  proportion  of  the  observations 
made.  Mr.  Fedden  has  also  added  much  to  our  knowledge  of  the  fossil  fauna 
by  his  collection  and  examination  of  the  fossils,  but  the  details  must  be  deferred 
for  the  present. 

The  sub-division  of  the  tertiary  series  in  Sind  into  Manchhar,  Gaj,  Nari, 
Khirthar  and  Ranikot  groups  holds  good,  although  the  boundaries  between  the 
various  sub-divisions  have  proved,  in  parts  of  the  province,  to  be  less  distinct 
than  in  the  Khirthar  range,  and  there  is  the  same  remarkable  appearance,  that 
all  the  different  tertiary  formations  are  only  of  local  value,  and  that  all  tend  to 
pass  into  each  other  at  a  comparatively  short  distance  from  each  typical  section, 
which  has  been  already  noticed  by  Mr.  Medlicott  in  the  corresponding  for¬ 
mations  of  the  Punjab.®  Some  slight  modification  in  the  geological  horizon 


1  Vol.  IX,  pp.  8-22. 

2  Eec.  G.  S.  I.,  IX,  pp,  50,  etc. 
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attributed  to  tbe  lower  Maucbbar  beds  has  also  been  rendered  probable,  but  in 
general  there  appears  every  reason  for  accepting  the  views  put  forward  in  the 
fo2uner  paper  as  to  the  correlation  of  the  different  tertiary  groups  in  Sind. 
It  has,  however,  been  found  that,  in  the  original  classification,  rocks  were 
included  in  the  Rauikot  group,  which  belong  in  fact  to  a  much  lower  horizon, 
and  three  small  groups  have  been  established  beneath  the  lower  tertiary  sub¬ 
division  and  referred  to  the  cretaceous  epoch. 

Errors  in  'previous  paper. — Before  proceeding  to  notice  the  additions  since 
made  to  the  Geology  of  Sind,  it  will  perhaps  be  best  to  call  attention  to  a  few 
statements  in  the  previous  paper  which  further  examination  of  the  country  has 
proved  to  be  untenable.  The  corrected  general  section  will  be  found  below, 
but  there  are  a  few  details  requiring  alteration,  besides  the  entire  re-arrangement 
of  the  beds  included  in  the  first  notice  in  the  Ranikot  group. 

The  supposed  unconformity  between  the  Gaj  beds  and  the  Nari  gi-oup  at 
Tandra  Rahim  Khan,  west  of  Sehwan,'  appears  doubtful.  Further  examination 
of  the  junction  between  the  two  groups  has  failed  to  show  any  clear  evidence 
of  unconformable  overlap. 

The  basaltic  lava  flow®  is  now  shown  to  be  at  the  base  of  the  Ranikot 
group,  and  not  intercalated,  the  beds  below  the  volcanic  rock  being  of  different 
age. 

Another  error  is  in  the  statement* *  that  the  Khirthar  rocks  compose  several 
ridges  near  the  Habb  river,  the  southernmost  of  which  terminates  at  Cape  Monze. 
It  is  true  that  some  ridges  near  the  Habb  consist  of  Khirthar  rocks,  and  that 
the  ridge  west  of  the  river,  not  far  from  the  mouth,  is  composed  of  that  formation, 
but  the  range  terminating  at  Cape  Monze  proves  on  re-examination  to  be  of  Gaj 
beds  resting  on  Nari.  The  mistake  was  due  to  the  rocks  having  been  first 
examined  before  the  different  sub-divisions  of  the  Sind  territories  had  been 
made  out. 

Getieral  section  of  rocks  in  Sind. — The  following  is  the  general  section  of  the 
Sind  rocks  as  corrected,  the  thickness  of  each  group  being  estimated,  as  usual, 
where  the  beds  are  best  developed.  Very  nearly,  if  not  quite  the  full  dimensions 
given,  from  the  base  of  the  lower  Khirthar  to  the  top  of  the  Manchhars,  are, 
however,  exposed  on  the  Gaj  river,  where,  below  the  beds  classed  as  lower  Khir- 
thars,  nearly  4,000  feet  of  shales  and  limestones  are  seen,  which  probably  belong 
to  cretaceous  formations  : — 


>  Eec.  G.  S.  I.,  p.  16. 

2  1.  c.,  p.  22. 

3 1.  c.,  p.  13. 

*  In  some  brief  notes  published  in  the  Proceedings  of  the  Asiatic  Society  of  Bengal  for 
January  1878,  pp.  4,  6,  all  these  beds  were  classed  as  lower  Khirthars,  and  the  thickness  of  the 
group  estimated  at  10,000  feet,  but  subsequent  study  of  Dr.  Cook’s  descriptions  of  the  Kelat 
rocks  has  shown  that  the  unfossiliferous  lower  beds  in  the  Gdj  section  may,  like  some  very 
similar  rocks  south  of  Kelat,  be  really  cretaceous. 
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Name. 

Sub-divisionp. 

Approximate 

tbickness. 

Supposed  g'eological 
age. 

Ebmabks. 

1.  Alluvial,  &c. 

Unknown 

Recent  and  post-ter- 

tiary. 

flipper 

5,000 

Pliocene 

Apparently  represent- 

2.  Manchhar 

\  Lower 

3,000  to  5,000 

Lower  pliocene  or 

ative  of  the  Siwalika 
proper. 

Upper  miocene. 

3.  Gij 

1,000  to  1,500 

Miocene. 

j  Upper 

4,000  to  6,000 

Lower  miocene  ? 

4.  Nari 

(  Lower 

100  to  1,500 

Upper  eocene. 

f  Upper 

500  to  3,000 

Eocene 

Nummulitic  limestone. 

6.  Kliirthar 

(  Lower 

6,000  ? 

Ditto. 

6*  Ranikot 

2,000 

Lower  eocene. 

7.  Trap 

r  Cardita  Beau- 

40  to  90  ... 

Upper  cretaceous .. . 

Representative  of  Dec- 
can  and  Malwa  trap. 

1  monti  beds 

350  to  450 

1  ..  . 

8-  Cretaceous 

■{  Sandstones.. 

700 

y  Cretaceous 

A  bed  of  trap  inter- 

1 

stratified  with  the 

1  Hippuritic 

I 

sandstone. 

limestone  ... 

320 

) 

Base  of  lower  group 

not  exposed. 

Cretaceous  beds. — The  only  part  of  Sind  in  which  rocks  of  pre-tertiary  age 
are  known  to  exist  is  in  the  range  of  hills  running  south  from  S  eh  wan.  Various 
portions  of  this  range  are  known  by  local  terms,  such  as  Dharan,  Tiyun,  Eri, 
Surjana,  &c.,  but  amongst  the  people  of  the  country  there  is  no  name  for  the 
range  as  a  whole.  By  Europeans  the  northern  portion  is  sometimes  called  the 
Laki  range,  from  the  town  of  Laki,  near  the  northern  extremity,  and  for  want  of 
a  better  name  this  may  be  accepted.  The  old  fortress  of  Ranikot  is  in  this  range. 

The  Ranikot  beds  themselves,  it  may  be  mentioned,  as  was  already  pointed 
out  in  the  previous  paper,  extend  over  a  considerable  area  to  the  east  of  the 
Laki  range,  and  southward  as  far  as  Tatta.  They  are,  however,  not  exposed 
anywhere  in  Upper  Sind.  The  area  of  the  beds  beneath  the  Ranikot  group 
extends  northwards  from  the  fortress  of  Ranikot  to  within  four  or  five  miles  of 
Laki,  a  distance  of  about  22  miles.  The  outcrop,  however,  is  not  quite  conti¬ 
nuous,  for  the  trap  and  underlying  beds  are  covered  up  in  places  by  the  Ranikot 
group.  The  Hippuritic  limestone,  the  lowest  rock  knoAvui  to  occur,  is  oidy 
exposed  in  a  single  locality.  The  range  is  very  difficult  of  access,  and  there  is  a 
permanent  supply  of  sweet  water  at  only  one  spot,  the  fortress  of  Ranikot. 

The  spot  where  the  Hippuritic  limestone  is  exposed  is  at  a  place  called  BaiTah, 
about  16  miles  north  of  Ranikot.  The  range  here  consists  of  three  parallel 
ridges.  The  eastern  of  these  faces  the  plain  sloping  to  the  Indus,  and  consists  of 
vertical  or  nearly  vertical  Khirthar  limestone,  on  which,  to  the  eastward, 
-Manchhar  beds  rest  unconformably.  To  the  we.stward,  Ranikot  beds  come  in  below 
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the  Kliirtliar  limestone,  but  have  a  reversed  dip  to  the  westward ;  then  there  is  a 
fault  with  a  considerable  upthrow  to  the  west,  and,  west  of  this,  the  cretaceous 
beds  come  in  with  a  low  western  dip.  They  are  exposed  in  a  high  scarp  and 
form  the  second  or  intermediate  ridge.  From  this  point  there  is  a  gradually 
ascending  section  to  the  westward,  the  soft  upper  cretaceous  and  Ranikot  beds 
cropping  out  in  the  valley  between  the  inteimediato  ridge  and  the  western  or 
main  range,  which  is  formed  of  Khirthar  or  nummulitic  limestone. 

The  lowest  beds  seen  are  a  hard  compact  white  limestone,  white  or  grey  in 
colour,  pure  below,  but  becoming  gritty  above.  No  nummulites  occur :  fossils 
abound,  but  are  only  seen  in  section,  and  they  weather  out  so  badly  that  only  one 
fairly  recognizable  specimen  has  been  obtained.  This  specimen,  however,  is  of 
importance,  as  it  appears  to  be  a  portion  of  a  Hippurite,  one  of  the  most  charac¬ 
teristic  of  cretaceous  fossils. 

The  pecuUar  interest  attaching  to  the  discovery  of  this  fossil,  if  the  identifi¬ 
cation  be  correct,  is  due  to  the  circumstance  that  the  principal  cretaceous 
formation  in  Persia  is  a  limestone  containing  Hippurites,  and  that  this  limestone 
has  been  found  extending  over  a  large  tract  of  country  from  Lake  Urumiah  in 
north-western  Persia  to  south-east  of  Karman.  This  last  locality,  however,  is 
about  700  mites  from  the  spot  where  cretaceous  rocks  are  found  in  Sind,  and  the 
Hippuritic  limestone  has  not  hitherto  been  recognized  in  Baluchistan,  where, 
however,  cretaceous  rocks  are  certainly  present.  The  bed  in  Sind  differs  much 
fi'om  the  characteristic  form  of  the  Persian  rock,  but  the  latter  is  of  great  thick¬ 
ness  ;  some  8,000  feet  at  least,  in  the  neighbourhood  of  Karman,  apparently 
belonging  to  the  formation,  and  it  includes  many  beds  varying  in  mineral 
character. 

The  gritty  limestones  on  the  top  of  the  white  Hippuritic  limestone  pass 
upwards  into  a  grouf>  of  dark-coloured  sandstones  of  considerable  thickness,  and 
forming  the  intermediate  ridge  of  hills  already  mentioned.  The  dark  colour  of 
the  beds  makes  these  hills  conspicuous  from  a  distance,  and  enables  them  to  be 
distinguished  at  once  from  the  two  whitish  limestone  ranges  to  the  east  and  west. 
The  sandstones  are  usually  coarse,  sometimes  conglomeratic  and  often  calcareous, 
the  prevalent  colour  is  dark-brown  or  purple,  and  many  beds  are  highly  ferrugi¬ 
nous,  a  few  bands  of  dark-red  shale,  containing  much  iron,  being  interstratified.  On 
the  top  of  the  sandstones  is  a  thick  bed  of  dark-coloured  impure  limestone  con¬ 
taining  oyster  shells  and  some  other  fossils,  amongst  which  are  some  large  bones, 
apparently  of  reptiles,  but  all  hitherto  found  were  too  imperfect  for  identification. 

In  one  place  a  bod  of  basalt  about  40  feet  thick  was  observed  by  Mr.  Redden 
interstratified  in  the  sandstones,  and  it  is  probable  that  this  band  may  exist  else- 
W'here,  although  it  has  been  overlooked.  The  position  of  this  bed  of  trap  is  about 
300  or  400  feet  above  the  top  of  the  Hippuritic  lime.stone,  and  about  twice  that 
distance  below  the  main  band  of  basalt  at  the  base  of  the  Ranikot  group. 

The  hio-hest  sub-division  of  the  cretaceous  rocks  consists  of  olive  shales  and 

o 

sandstones,  for  the  most  part  soft  and  fine-grained,  but  occasionally  hard  and 
calcareous.  The  beds  of  sandstone  have  very  frequently  an  “ashy”  appearance, 
as  if  they  contained  decomposed  grains  of  basalt  or  some  similar  volcanic  rock, 
or  fine  volcanic  lapilli,  or  they  may  be  an  admixture  of  the  products  of  submarine 
volcanic  outbursts  with  ordinary  sediments.  Gypsum  is  of  common  occurrence 
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in  the  shales.  These  olive  shales  and  sandstones  are  highly  fossiliferons,  the  most 
common  and  conspicuous  fossils  being  Gardita  beamnonti,  the  a£6nities  of  which 
are  shewn  by  D’Archiac  and  Haime  to  be  with  a  cretaceous  form,  and  a  Nautihis, 
which  Mr. ,  Fedden  has,  I  believe  correctly,  identified  with  N.  bouchardianm,  a 
Gault  species  in  Europe,  but  found  in  the  upper  cretaceous  beds  (Arialur)  of 
Southern  India.  Another  species  of  Nautilus  also  is  allied  to  some  cretaceous 
types.  The  first  named  species  may  be  N.  labechei  of  D’Archiac  and  Haime, 
from  which  it  only  differs  in  the  siphuncle  being  median  instead  of  interior, 
but  this  character  sometimes  varies  with  age  in  Nautili.  Amongst  the  other 
fossils  occuiTing  is  a  species  of  Epiaster,  a  genus  of  Echinoderms  almost  confined 
to  upper  cretaceous  beds.  The  only  form  in  the  olive  shales  hitherto  identified  as 
common  to  the  Ranikot  group  is  Corbula  harpa.  Besides  the  above,  species  of 
Gidaris  and  of  anEchinoderm  allied  to  I'ygorhynchus,  Rostellaria,  Cijpr^Ba,  Natica, 
Turritella,  Cardium  and  Ostrea  occur,  with  two  species  of  Corals.  A  few  imper¬ 
fect  Reptilian  vertebree  have  been  determined  by  Mr.  Lydekker  as  belonging  to  an 
Amphicselian  Crocodilian  with  distinctly  mesozoic  afiinities. 

AU  the  cretaceous  beds  abovementioned  appear  to  be  perfectly  conformable 
to  each  other  and  to  the  overlying  trap.  It  is  premature  to  attempt  correlation 
of  these  cretaceous  rocks,  but  it  may  be  remarked,  that  some  peculiar  olive 
shales,  which  underlie  the  nummulitic  limestone  of  the  Salt  Range  in  the  Punjab 
conformably,  and  which  have  been  classed  by  Dr.  Waagen  as  probably  of  creta¬ 
ceous  age,  may  represent  the  very  similar  beds  in  Sind. 

Deccan  trap. — Besides  the  bed  of  trap  just  noticed  as  occurring  inter  stratified 
with  the  cretaceous  sandstones,  the  basalt  first  observed  at  Ranikot  in  1863,^ 
and  subsequently  found  further  noidh  at  Jakhmari  and  other  places,^  has  now 
been  traced  throughout  the  whole  distance,  upwards  of  20  miles,  between 
Jakhmari  and  Ranikot,  wherever  the  base  of  the  Ranikot  beds  is  exposed.  The 
thickness  of  the  trap  vaiies  from  about  40  to  about  90  feet,  the  average  being 
60  or  70.  The  only  rock  is  basalt,  of  which,  in  places,  there  appear  to  be  two 
flows  similar  in  mineral  character;  the  upper  portion  of  each  flow  is  amyg- 
daloidal. 

In  the  previous  paper  on  Sind  Geology,  it  was  stated^  that  the  relations  of 
the  trap  were  obscure,  and  although  this  was  corrected  in  a  postscript'll  so  far, 
that  the  interstratification  of  the  trap  flow  was  said  to  have  been  clearly  ascer¬ 
tained,  the  most  important  point,  the  probable  relation  of  the  volcanic  rock  in 
question  to  the  great  Deccan  and  Malwa  trap  series,  was  left  undetermined.  The 
interest  of  this  question  and  the  possibility  that  the  basalt  seen  for  a  few  feet  only 
in  the  bed  of  the  stream  at  Ranikot  might  be  a  representative  of  the  Deccan 
trap,  were  naturally  mentioned  in  the  first  notice  of  the  occurrence.®  The  trap 
series,  it  may  be  remembered,  has  been  traced  from  the  Deccan  and  Malwa 
throughout  Kattywar  and  Cutch,  to  within  about  160  miles  of  Ranikot,  so  that 

>  Mem.  G.  S.  I.,  VI,  p.  5. 

2  Reo.  G.  S.  I.,  IX,  pp.  11.  22. 

3  Ib.,  p.  11. 

*  Ib.,  p.  22. 

^  Mom.  G.  S.  I.,  VI,  p,  12. 
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the  representation  of  this  great  volcanic  formation  in  Sind  is  far  from  improbable. 
The  question  as  to  whether  the  Ranikot  trap  belongs  to  the  Deccan  series  may- 
now  be  answered  in  the  affirmative.  There  is  conclusive  evidence  that  this  rock 
is  interstratified  and  not  intrusive,  for  it  occupies  precisely  the  same  position 
above  the  highest  Gardita  heawnonti  beds,  and  below  the  base  of  the  Ranikot 
group,  for  over  20  miles,  and  appears  to  be  conformable  with  both,  whilst  not  a 
single  vertical  dyke  has  been  noticed  in  the  country.  The  mineral  character  of 
the  basalt  is  precisely  that  of  a  vei-y  common  form  of  the  Deccan  trap,  whilst  two 
mineral  peculiarities — the  occurrence  of  amygdala,  suiTounded  by  green  earth, 
and  of  cavities  containing  quartz  crystals,  with  trihedral  terminations — are  both 
characteristic  of  the  trap  rocks  of  Western  India.  The  geological  position  also 
at  the  base  of  the  tertiary  series  con-esponds  with  that  of  the  trap  series  in  Cutch 
and  Guzerat. 

It  is  clear,  however,  that  the  thin  flows  of  basalt  in  Sind  can  only  represent 
a  portion  of  the  great  Deccan  trap  period,  and  the  lower  band  in  the  cretaceous 
sandstones  indicates  that  all  the  upper  cretaceous  beds  between  the  two  trap  flows 
were,  in  all  probability,  contemporaneous  in  origin  with  the  Deccan  trap  series. 
If  now  the  age  of  the  Gardita  beaumonti  beds  has  been  rightly  determined  as  upper 
cretaceous,  the  identification  of  the  Sind  representative  beds  confirms  the  views 
previously  held  by  myself,  but  by  no  means  generally  accepted  by  my  colleagues,  ^ 
as  to  the  cretaceous  age  of  the  lower  portion,  at  all  events,  of  the  Deccan  trap 
series. 

Banilcof  group. — It  was  mentioned  in  a  postscript  to  the  previous  paper  in 
the  Records  2  that  the  highly  fossiliferous  brown  limestones  seen  north-west  of 
Kotri  and  near  Jhirak  (Jhirk  or  Jermck)  and  Tatta  must  be  classed  with  the 
Ranikot  group,  and  not  with  the  Khirthar.  A  list  of  fossils  obtained  from  these 
brown  limestones  was  given,  ^  ffiit  from  this  list  two  species  must  be  removed, 
viz.,  Gardita  heammnti  and  Nautilus  lahecliei,  the  species  thus  identified  (the 
identification  is  doubtful  in  the  case  of  the  Nautilus)  being  from  the  olive  shales 
now  classed  as  cretaceous.  It  was  also  noticed  in  the  postscript  that  south  of 
Ranikot  there  is  distinct  unconfoimity  between  the  Khirthar  limestone  and  the 
Ranikot  group,  the  upper  members  of  the  latter  being  deficient  in  the  Laki  range, 
and  there  being  at  one  place  evidence  of  the  lower  group  having  been  slightly 
disturbed  and  denuded  before  the  deposition  of  the  Khirthar  limestone.  The 
break  between  these  two  formations  is,  however,  ju’obably  not  indicative  of 
any  great  interval  in  time,  for  several  of  the  Ranikot  fossils  pass  upwards  into 

•Oldham;  Eec.  G.  .S.  I.,  IV,  p.  77 ;  Wynne:  Mem.  G.  S.  I.,  IX,  p.  48.  I  have  lately  had 
occasion  to  go  over  all  the  evidence  again  -n  hen  -n'riting  a  chiiptor  on  the  Deccan  traps  for  the 
Manual  of  Indian  Geology,  and  it  appears  to  me  that  the  arguments  in  favonr  of  considering  the 
traps  tertiary  are  weaker  than  I  at  first  supposed.  Only  one  fact  of  any  importance,  so  far  as  1  know, 
has  ever  been  adduced  :  the  supposed  identification  of  certain  freshwater  shells  in  the  intertrappean 
beds  of  the  Deccan  with  forms  found  in  the  lower  eocene  plastic  clay  of  Belgium.  Apart  from  the 
question,  a  very  important  one,  whether  freshwater  shells  afford  trustworthy  evidence  of  age,  I 
greatly  doubt  the  validity  of  the  identification. 

2  Vol.  IX,  p.  21. 

^  1.  c.,  p.  14. 
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the  Khirthar  beds.  In  some  cases,  it  is  true,  there  does  appear  to  be  a  change  of 
species :  thus  EurJwdia  morrisi^  a  common  Eanikot  echinoderm,  appears  to  he 
represented  by  E.  calderi  in  the  Khirthar  beds,  but  still  there  is  much  evidence 
of  transition,  for  the  lowest  Khirthars  near  Jhirk  and  Tatta  have  much  the 
character  of  the  Eanikot  limestones,  and  there  is  a  gradual  passage  from  the  one 
to  the  other ;  so  much  so  indeed,  that  Mr.  Pedden  has  found  it  difficult  to  the 
southward  to  determine  any  exact  limit  between  the  two,  and  to  map  their 
boundaries. 

All  the  lower  portion  of  the  Eanikot  group  consists  of  soft  sandstones  and 
shales,  much  variegated  in  colour.  The  only  fossils  found  are  land  plants  ;  many 
of  the  shales  are  pyritous,  and  gypsum  is  of  frequent  occurrence.  It  appears 
highly  probable  that  these  beds  are  of  fluviatile  origin,  and  their  occurrence 
immediately  above  the  trap  may  indicate  that  the  latter  was  of  subaerial  formation 
in  Sind,  as  elsewhere. 


Ceetaceotjs  and  lower  tertiary  beds  op  Baluchistan. 


In  1875,  from  the  top  of  the  Khirthar  range  in  upper  Sind,  lower  beds  were 
seen  cropping  out  west  of  the  British  frontier  from  beneath  the  Khirthar  lime¬ 
stone.  At  that  time,  owing  to  political  complications,  there  was  a  difidculty  in 
visiting  any  part  of  Baluchistan ;  but  in  1876-77,  this  difficulty  having  been 
removed,  I  was  enabled  to  examine  the  sections  on  the  upper  Gaj,  the  only  river 
which  actually  cuts  through  the  Khirthar  range.  The  beds  beneath  the  Khirthar 
limestone  at  this  spot  proved  to  be  utterly  different  from  those  seen  in  the  same 
relative  position  in  the  Laki  range.  The  following  is  a  rough  section  of  the  beds 
on  the  upper  Gaj,  with  their  approximate  thickness  by  estimate  : — 


Khirthar 


Lower  Khir- 
THAH. 


?  Ceetaceohs 


f  1.  Massive  nuinmulitic  limestone  forming  the  crest  of  the  Khirthar 
range 

2.  Shales,  marls,  and  clays,  mostly  dark  olive  in  colour  and  abound- 

J  ing  in  Nummulites 

3.  Hard  grey  limestone  with  ... 

4.  Argillaceous  limestone,  shales,  and  clays,  olive  and  bluish  grey  in 

'  colour,  abounding  in 

5.  TJnfossiliferous  olive  and  bluish  grey  clays  and  nodular  shales ; 

no  limestone  bands 

6.  Pale-brown  sandstones  in  thick  beds,  with  traces  of  vegetables  ... 

7.  Fine  greenish  white  sandstone  and  shale,  some  of  which  is  carbo¬ 

naceous  ...  ...  ...  ...  ... 

8.  Dark-brow'n  limestone  and  dark-green  argillaceous  beds,  with 

HummuUtes 

9.  Pale-grey  argillaceous  limestone,  with  but  few  fossils.  One  band 

towards  the  base  contains  Niimmuliles  and  Alveolince 
'lO.  Fine  dark -coloured  shales,  unfossilifei-ous 

'11.  Very  fine  grained  homogeneous  thin-bedded  limestone,  white,  red, 
grey  or  ochrey  in  colour,  unfossiliferous,  forming  a  conspicu- 
-  ous  range  of  hills 

12.  Hard  grey  shales,  with  calcareous  bands,  from  an  inch  or  two  to 
,  a  foot  in  thickness 
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Not  a  single  bed  below  the  Khirthar  limestone  (No.  Ij  can  be  recognized  as 
identical  with  any  of  the  formations  in  the  Laki  range,  although  the  distance 
between  the  two  localities  is  only  about  90  miles.  In  the  upjier  Gaj  section, 
there  are  no  fossiliferous  brown  limestones,  no  trap,  no  olive  shales  with  Gardita 
heaumonti,  no  dark  ferruginous  sandstones  nor  hippuritic  limestone.  The  sand¬ 
stones  Nos.  6  and  7  may  represent  the  lower  Raiukot  beds,  but  the  resemblance 
is  not  great,  and  there  is  no  palaeontological  connexion  between  the  two. 

The  examination  of  the  section  was  hurried,  and  it  is  far  from  improbable 
that  some  fossiliferous  bands  may  have  been  overlooked,  but  no  distinct  break  in 
the  sequence  was  detected ;  perhaps  for  want  of  palmontological  evidence.  The 
division  between  upper  and  lower  Khirthar,  and  between  the  latter  and  the 
supposed  cretaceous  beds,  is  arbitrary ;  the  limestones  No.  8  contain  the  same 
species  of  NwmmuUtes  as  Nos.  2,  3,  and  4,  and  no  fossils  were  found  below  No.  9. 
The  sole  reason  for  distinguishing  the  6,000  feet  of  beds,  fi-om  No.  5  to  No.  10 
inclusive,  as  lower  Khirthars,  is  that,  as  the  nummulitic  limestone  No.  1  is 
the  same  bed  at  the  Gaj  as  in  the  Laki  range,  some  of  these  lower  beds  must 
represent  the  Ranikot  group.  At  first  it  was  supposed  that  all  the  lower  beds 
on  the  upper  Gaj  section  were  tertiary,  and  the  lower  Khirthar  beds  were  esti¬ 
mated  to  have  a  thickness  of  10,000  feet,  but  on  subsequently  reading  more 
carefully  Dr.  Cook’s  account  of  the  geology  of  Kelat,i  and  Dr.  Carter’s  notes 
on  Dr.  Cook’s  discoveries,^  it  appeared  to  me  that  the  peculiar  fine-grained 
banded  limestones  No.  11  must  be  the  same  as  some  red  and  -white  limestones 
extensively  developed  at  no  great  distance  to  the  north-west.  These  red  and 
white  limestones  pass  down  into  some  argillaceous  beds  (perhaps  the  same  as 
No.  12  of  the  above  section),  in  which  Dr.  Cook  found  Ammonites,  and  he  con¬ 
sequently  classed  both  rocks  as  mesozoic. 

It  is  probable  that  the  beds  below  the  Khirthar  limestone  occupy  a  large 
tract  in  Baluchistan  to  the  west  of  the  Khirthar  range,  for  similar  beds  are  seen 
to  the  westward  from  the  crest  of  the  hills  as  far  north  as  Darhy4ro.  Again, 
west  of  the  Habb  river,  forming  the  western  boundary  of  lower  Sind,  the  whole 
Khirthar  formation  appears  composed  of  shales,  maids,  and  sandstones,  closely 
resembling  the  lower  Khirthar  beds  of  the  upper  Gaj  section,  and  an  enormous 
mass  of  similar  beds  is  found  to  the  westward  in  Makran.*  A  peculiar  banded 
red  and  white  limestone,  so  closely  resembling  that  on  the  upper  Gaj  that  these 
two  are  probably  identical,  forms  a  small  hill  at  Gadani  on  the  sea-coast,  about 
25  miles  north-west  of  Karachi. 

Khirthar  group. — The  nummulitic  limestone  of  the  Khirthar  and  other 
ranges  in  Sind  varies  much  in  thickness,  and  the  original  estimate  of  3,000  feet 
may  have  been  excessive,  though  it  is  doubtful  whether  it  is  too  high  in  the 
northern  part  of  the  Khirthar  range,  where  the  limestone  must  be  very  thick. 
At  the  Gaj,  as  we  have  seen,  this  bed  does  not  exceed  1,000  or  1,200  feet  in  thick- 

•  Bom.  Med.  &  Phys.  Soo.  Trans.  Norember  1860.  I  am  indebted  to  Br.  Cook  for  a  copy 
of  this  interesting  paper. 

2  Jour.  Bom.  Br.  Boy.  As.  Soc.,  VI,  p.  184. 

^  Eastern  Persia,  II,  pp.  460,  473, 
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ness,  and  farther  south  it  diminishes  still  further.  In  the  Laki  range  it  is  prob¬ 
ably  not  more  than  600  or  600  feet,  and  towards  Jungshahi  and  Tatta  it  is 
perhaps  even  less.  Hei’e  it  rests  upon  Ranikot  beds.  But  to  the  westward  in 
the  Habb  valley  the  Khirthar  limestone  disappears  entirely,  and  it  appears  to 
thin  out  within  the  space  of  a  very  few  miles.  The  Khirthar  I’ange  is  composed 
of  the  limestone  throughout,  and  terminates  to  the  southward  inside  the  province, 
near  a  police  post  called  Karchat,  about  60  miles  south  by  a  little  west  from 
Sehwan.  The  southern  extremity  of  the  range,  like  several  other  ridges,  is  an 
anticlinal,  so  that  the  thickness  of  the  limestone  is  not  seen,  but  it  must  be  con¬ 
siderable,  and  can  scarcely  be  less  than  500  or  600  feet.  About  8  miles  west  of 
the  Khirthar,  the  top  of  the  ordinary  limestone  is  seen  underlying  Kari  beds, 
but  in  the  next  low  ridge  to  the  westward,  only  about  4  miles  faidher,  the  Khir- 
thars  are  brought  up  by  a  fault,  and  the  typical  pale-coloured  limestone  is  found 
to  be  completely  wanting,  and  replaced  by  dark-coloured  grey  limestones  con¬ 
taining  Echinodermata  and  Nummidites,  and  interstratified  with  shales  and  sand¬ 
stones  precisely  like  those  of  the  Nari  group.  A  few  miles  faidher  west,  in  the 
Hamlig  range,  about  25  miles  from  the  Khirthar,  not  a  trace  of  the  massive  Khir¬ 
thar  limestone  could  be  detected.  The  locality  is  beyond  the  Sind  frontier,  and  the 
examination  was  so  brief,  that  some  fault  may  have  been  overlooked,  but  at  this 
spot,  and  in  some  other  localities  ftirther  south,  the  Nai’i  sandstones  appeared  to 
pass  downwards  gradually  into  shales  and  sandstones,  wdth  some  beds  of  marl 
and  dark-coloured  argillaceous  limestones,  containing  the  typical  Khirthar  num- 
mulites,  N.  granulosa  and  N.  ohtusa,  &c.  These  beds  precisely  resemble  some  of 
the  beds  below  the  Khirthar  limestone  on  the  upper  Graj.  The  brown  and  yellow 
Kari  limestones,  too,  are  only  faintly  represented  towards  the  base  of  the  group 
by  thin  bands  containing  Orhitoides  papyraceus. 

Nari  group. — No  alteration  is  necessary  in  the  general  description  of  this 
group.  Throughout  the  Khirthar  range,  the  whole  upper  portion,  4,000  or  5,000 
feet  thick,  consists  of  sandstones,  with  a  few  scattered  beds  of  shale  or  conglome¬ 
rate,  and  destitute  of  fossils,  with  the  excejhion  of  a  few  vegetable  mai'kings, 
too  imperfect  for  recognition.  The  lower  sub-division  of  the  group  varies  in 
thickness  from  100  or  200  feet  to  as  much  as  1,500,  and  consists  of  shales  and 
thin  bands  of  sandstone,  with  brown  and  yellow  limestones ;  the  latter  chiefly 
developed  towards  the  base,  and  containing  Nummulites  garansensis,  N.  suhlcevi- 
gata,  and  Orhitoides  papyraeetis  (or  fortisi). 

It  has  already  been  mentioned  that  in  the  Habb  valley,  in  south-western 
Sind,  there  is  a  gradual  passage  from  the  upper  Khirthar  into  the  Nari  beds, 
and  there  is  in  the  same  area  an  equally  evident  tendency  to  a  passage  between 
the  Nari  and  Gaj  groujjs.  The  Nari  group  in  the  Habb  valley  is  probably  as 
thick  as  in  the  Khirthar  range ;  but  although  the  prevailing  rocks  are  still  sand¬ 
stones,  brown  limestones  with  Orhitoides  papyracetts  are  found  in  the  middle  of  the 
group,  instead  of  being  confined  to  the  lower  portion,  whilst  the  typical  limestone 
bands  at  the  base  of  the  group  appear  to  be  ill  developed.  Now,  Mr.  Fedden 
noticed  some  time  since  that  bands  of  limestone,  with  apparently  the  same 
Orhitoides,  are  found  in  the  Gaj  group ;  and  in  the  upper  part  of  the  Nari  group 
bands  of  marine  fossils  occur,  containing  Gaj  species,  such  as  OstreamuUicostata 
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and  Feden  snhcorneus.  The  boundary  between  the  two  groups  is  consequently,  to 
some  extent,  arbitrary. 

On  the  other  hand,  Mr.  Fedden  has  observed  at  one  spot  on  the  west  side 
of  the  Laki  range,  a  few  miles  from  the  northern  extremity  of  the  range  near 
Sehwan,  distinct  unconformity  between  the  upper  and  lower  Nari  groups,  the 
sandstones  forming  the  higher  portion  of  the  gi’oup  resting  upon  the  denuded 
edge.s  of  the  brown  lime.stones  composing  the  lower  sub-division.  This  is  an 
excellent  example  of  the  manner  in  which  the  sub-divisions  of  the  tertiary  series 
change,  the  groups  of  one  locality  passing  into  each  other,  and  new  breaks  oc¬ 
curring.  It  should  be  remembered  that  the  Hari  beds  are  entirely  wanting  east 
of  the  Laki  range,  and  Manchhars,  with,  in  places,  a  thin  representative  of  the 
Gaj  beds  at  their  base,  i*est  nnconformably  on  Khirthars. 

Gdj  groiq}. — There  is  but  little  to  add  to  the  general  description  of  this 
group  also.  A  measured  section  of  the  beds  on  the  Gaj  river,  where  they  are 
especially  exposed,  show.s  that  the  whole  thickness  of  the  group  is  but  little  less 
than  1,500  feet  at  that  spot.  To  the  northward  the  thickness  of  the  Gaj  beds 
must  be  less,  and  it  is  probably  smaller  in  lower  Sind  also.  On  the  Gaj  the 
greater  part  of  the  whole  thickness  consists  of  sandy  shales  and  clays,  with 
gypsum,  the  hard  limestone  beds,  though  far  more  conspicuous,  being  only 
subordinate.  In  the  Habb  valley  however,  where  the  Gaj  beds  form  exten¬ 
sive  plateaus,  surrounded  by  scarps  in  which  the  rocks  of  the  group  are  well 
exposed,  the  mass  of  the  Gaj  strata  ap2>ears  to  consist  of  limestone,  and  the 
boundary  between  them  and  the  Nari,  with  which,  as  has  just  been  noticed, 
bands  containing  Gaj  fossils  are  interstratified,  has  been  drawn  at  the  base  of  the 
limestones.  At  one  sj)ot,  a  thickness  of  500  feet,  entirely  composed  of  limestone, 
was  measured  (by  aneroid)  at  the  base  of  the  groiTjT,  and  this  thickness  seems 
to  include  the  greater  jTortion  of  the  Gaj  strata  in  this  locality. 

It  has  already  been  mentioned  that  the  supposed  unconformity  between  the 
Gaj  and  Nari  groups  west  of  Sehwan  at  Tandra  Rahim  Khan  jjroves,  on  further 
examination,  to  be  doubtful.  But  the  Gaj  group  in  the  country  south  of  Sehwan 
comjrletely  overlajTs  the  Nari  in  places,  and  rests  upon  Khirthai'  beds.  In  this 
country,  however,  the  Gaj  itself  is  but  poorly  represented,  and  frequently  is 
either  entirely  wanting,  or  appears  as  merely  a  thin  band  at  the  base  of  the 
Manchhar  group. 

The  passage  from  Gaj  to  Manchhar,  despite  the  unconformity  .shown  by  over¬ 
lap,  and  the  presence  of  Gaj  pebbles  in  Manchhar  beds,  is  locally  just  as  complete 
as  any  of  the  other  cases  of  transition  already  mentioned.  In  the  paper  pub¬ 
lished  in  1870,  the  transition  beds  containing  estuarine  shells  in  the  Khirthar 
range  were  mentioned.  Some  of  the  estuarine  shells  are  by  no  means  confined 
to  this  belt ;  Corbula  trigotudis,  for  instance,  occurs  in  beds  near  the  base  of  the 
Gaj  group,  and  has  also  been  found  in  one  band  in  Manchhar  rocks,  about  300  or 
400  feet  above  the  top  of  the  Gaj.  As  will  be  shown  presently,  there  is  in 
the  neighbourhood  of  Karachi  even  stronger  evidence  of  the  close  connection 
between  Manchhar  and  Gaj  beds. 

Although  the  number  of  Gaj  fossils  have  been  somewhat  increased,  the 
additions  have  been  less  extensive  than  in  the  case  of  many  of  the  other  gi’oups. 
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Amongst  the  most  important  additions  are,  VicdTya  vemeioili.,  found  by  Mr.  Pedden 
in  some  of  the  npper  beds  of  the  Gaj  section ;  a  small  crab,  Tijpilohus  granu¬ 
losus,  originally  described  by  Dr.  Stoliczka  from  Cntch,'  and  several  of  the  corals 
described  by  Professor  Martin  Duncan  in  1864.  All  tend  to  support  the  opinion 
that  the  Gaj  beds  are  miocene,  and  rather  upper  than  lower  miocene. 

Manchhar  group.— The  additions  to  our  knowledge  of  this  group  are  of  more 
importance.  Some  of  the  most  interesting  have  been  already  noticed  in  these 
“  Records  ”  and  in  the  “  Palffiontologia  Indica  ”  in  the  shape  of  descriptions  by 
Mr.  Lydekker®  of  the  mammalian  remains  obtained  by  Mr.  Pedden  and  myself. 
During  the  last  season  that  I  was  engaged  in  Sind,  Hira  Lai,  one  of  the  native 
assistants  of  the  Survey,  was  attached  to  my  camp,  and  he  succeeded  in  finding 
a  considerable  number  of  specimens,  chiefly  small  fragments,  but  including 
several  teeth.  Some  Balueh  shepherds  also,  living  along  the  Laki  range,  were 
induced  to  collect,  and  altogether,  although  the  bones  and  teeth  are  rare,  and 
but  few  of  those  found  are  recognizable,  sufficient  material  was  collected  to 
enable  a  considerable  number  of  species  to  be  identified  by  Mr.  Lydekker.  Hie 
(jouiparison  of  these  with  the  comparatively  well  known  Siwalik  fauna  has 
shown  a  striking  difference ;  most  of  the  species  being  different,  and  the  general 
facies  of  the  Manchhar  fauna  being  much  older.  This  distinction  is,  I  think, 
explained  by  the  geology. 

The  possibility  of  a  sub-division  of  the  Manchhar  gronp  was  noticed  in  1876.* 
Although  it  is  very  difficult  to  draw  an  absolute  line  of  separation,  there  can 
now  be  no  doubt  that  the  Manchhars  may  be  divided,  somewhat  roughly  it  is 
true,  into  an  upper  and  a  lower  sub-group.  The  lower  consists  mainly  of  the 
characteristic  grey  sandstone,  with  occasional  red  sandstones,  and,  towards  the 
base,  brown  or  grey  and  red  clays  5  the  latter,  however,  are  of  small  thickness 
compared  with  similar  beds  in  the  upper  sub-group.  Conglomeratic  bands  are 
common,  and  ai-e  frequently  ossiferous,  but  they  chiefly  contain  nodules  of  clay 
and  soft  sandstone,  and  no  nummulitic  limestone  pebbles  have  been  detected  in 
them.  It  is  from  these  beds  that  nearly  all  the  mammalian  fossils  found  in 
the  Khirthar  range  have  been  derived. 

The  upper  sub-gi’oup,  where  it  is  best  seen  in  the  northern  portion  of  the 
Khirthar  range,  is  thicker  than  the  lower,  and  consists  principally  of  bods  of  orange 
and  bx’own  clay,  with  subordinate  bands  of  sandstone  and  conglomerate.  The 
sandstones  ai’e  usually  light  brown,  but  occasionally  grey  beds  occur,  like  those 
characteristic  of  the  lower  .sub-division.  The  highest  part  of  the  fonnation 
contains  more  sandstone  and  conglomerate,  and  the  whole  is  capped  by  the  massh'e 
conglomerate,  which  forms  the  ridge  extending  along  the  edge  of  the  Indus 
alluvium.  These  conglomerates  of  the  upper  Manchhars  differ  from  those  of 
the  lower  by  containing  pebbles  of  nummulitic  and  Gaj  limestone.  Bones 
are  rare,  and  only  a  few  fragments,  too  imperfect  for  identification,  have  been 
found. 

»  Pal.  Ind.,  Ser.  VII,  p.  15,  PI.  Ill,  figs.  3—5. 

2  Ilec.  G.  S.  I.,  IX,  pp.  91,  03,  106 ;  X,  pp.  76,  83,  225 ;  XI,  pp.  65,  76,  77,  79,  &c. ;  Pal.  Iml, 
Scr.  X,  pt.  2. 

3  Ret,  G.  S.  I.,  IX,  p.  17. 
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In  lower  Sind,  whence  a  large  proportion  of  the  mammalian  remains  have 
been  procured,  this  sub-division  of  the  Manchhars  has  not  been  traced;  the 
beds  are  poorly  exposed,  and  it  is  by  no  means  clear  that  in  this  ground,  where 
the  lowest  Manchhars  rest  unconformably  on  the  Khirthars,  the  two  sub-divisions 
can  be  distinguished  by  the  presence  or  absence  of  nummulitic  limestone  pebbles. 
Several  of  the  fossil  forms,  however,  are  identical  with  those  found  in  the  lower 
Manchhars  to  the  northward,  and  there  can  be  no  reasonable  doubt  that  the 
fossiliferous  beds  are  on  the  same  horizon.  That  the  Manchhar  beds  are  pro¬ 
bably  much  less  developed  in  lower  than  in  upper  Sind  is  shown  by  the  circum¬ 
stance  that  the  section  of  the  group,  w'hich  can  scarcely  comprise  less  than 
8,000  to  9,000  feet  of  beds,  west  of  Larkana  and  Mehar,  has  diminished  to  about 
3,000  feet  at  Tandra  Rahim  Khan,  west  of  Sehwan.  The  principal  localities 
for  fossils  are  near  the  Graj,  where  mammalian  remains  were  first  found  by 
Vicary,  and  whence  Mr.  Fedden  obtained  several  good  specimens  in  1876. 
Bones  have  also  been  found  more  recently  on  both  sides  of  the  Laki  range, 
south  of  Sehwan. 

It  has  already  been  mentioned  that  an  estuarine  bed  is  found  at  one  place 
some  300  or  400  feet  above  the  base  of  the  Manchhars.  This  is  near  the  ISlari 
Nai,  north-wm.st  of  Sehwan.  In  lower  Sind,  and  especially  near  Karachi, 
marine  or  estnarine  bands  containing  oysters  and  other  shells  become  of  fre- 
(juent  occurrence  in  the  Manchhar  beds,  and  some  of  these  bands  contain  Gaj 
fossils  ;  so  that  there  is  to  the  sonthward  the  same  transition  between  Nari 
and  Gaj  w'hich  has  already  been  shown  to  take  place  between  aU  the  other 
tertiaiy  groups.  It  is  clear  that  the  lower  Manchhars  are  of  the  same  age  as  the 
Gaj  beds,  and  if,  as  appears  certain,  the  latter  are  Miocene,  the  lower  Manchhars 
may  be  considered  as  upper  Miocene. 

This  view  is  in  accordance  with  the  fauna,  which  includes  only  three  living 
genera,  BMnoceros,  8us,  and  Manis ;  the  generic  identification  in  the  last  case  is 
doubtful,  being  founded  on  a  single  phalange,  and  both  the  other  forms  existed 
in  Miocene  times.  Besides  these,  Amphiagon,  AiUhracotherium,  Hyopotamus, 
llyotlierium,  some  new  genera  related  to  Merycopotamus,  and  I) mother ium,  are 
found  in  the  Manchhar  beds,  but  not  in  the  Siwahks,  wdiilst  the  living  types, 
Bemnopithecus,  Macacus,  Felis,  Hyiena,  Urms,  Oervus,  Bos,  Gaptra,  Gamelus,  Oamelo- 
jiardalis,  Eqims,  Eleplias,  &c.,  which  abound  in  the  Siwaliks,  have  not  been  found 
in  the  Manchhar  beds,  so  that,  although  several  species,  such  as  B.hinoceros  palcein- 
dicus,  Acerotherimn  pterimense,  Glialicotherium  sivalense,  Btis  Jiysiulricns,  and  tw'o 
species  of  Mastodon,  are  common  to  the  two,  the  presence  of  the  much  larger 
number  of  extinct  forms,  most  of  which  are  typically  miocene  in  Europe,  and  the 
paucity  of  living  genera,  stamps  the  Manchhar  fauna  as  of  earlier  date  than  the 
Shvalik. 

Kow,  the  Manchhar  fauna,  as  has  just  been  shown,  occurs  in  the  lowest 
Manchhar  bods,  wdiilst  the  Siwalik  species  are  from  the  upjier  portion  of  the 
group.  It  is  therefore  far  from  improbable  that  the  upper  Manchhars  reiire- 
seut  the  Siwaliks.  The  lower  Manchhars  may  represent  the  Kiihans  of.  the 
Sub- Himalayas,  or  some  of  the  lower  portions  of  the  Srivaliks  themselves.  The 
great  distinction  between  the  Manchhar  and  Siwalik  fauna  supports  Mr.  Lydekker’.s 
opinion,  that  the  latter  is  of  Pliocene  age. 


PART  2.] 


Blaiiford :  On  the  Geology  of  Sl.ud. 


173 


Nothing  more  has  unfortunately  been  detennined  as  to  the  relations  between 
the  Manchhar  and  Makran  groups.  The  former  has  not  been  traced  to  the  west 
of  Cape  Monze,  near  Karachi ;  at  least  no  such  rock  could  he  detected  dxrring  a 
traverse  of  the  coast  as  far  as  Sonmiani  made  for  the  purpose  of  endeavouring  to 
trace  the  connexion  between  the  two  formations.  Ihe  Makran  group,  on  the 
other  hand,  appears  not  to  extend  much  to  the  eastward  of  Hinglaj,  so  that  there 
is  a  break  between  the  two  of  the  whole  breadth  of  Sonmiani  bay — 60  or  70  miles 
at  least.  Some  of  the  Manchhar  beds  near  Karxichi  closely  resemble  certain 
strata  in  the  Makran  group,  but  the  typical  whitish  marls  of  the  latter  have  not 
been  noticed  in  Sind. 

General  sequence  of  tertiarij  beds  in  Sind. — We  have  thus  in  Sind  a  great 
sequence  of  later  mesozoic  and  tertiary  rocks,  in  which,  despite  the  evidence  of 
great  changes  in  the  conditions  under  which  they  W’ere  deposited,  and  despite 
local  unconformities,  there  is  no  proof  of  any  general  break  in  the  sequence 
throughout  the  province.  In  some  places,  as  in  the  Laki  hills,  where  upper 
Pliocene  Manchhars  rest  uneonformably  upon  middle  Eocene  Khirthars,  there  is 
no  question  that  elevation,  and  in  all  probability  denudation,  took  place  in  the  in¬ 
terval  between  the  two  formations,  but  elsewhere,  as  to  the  westward  in  the  Habb 
valley,  and  to  the  northward  on  the  flanks  of  the  Khirthar,  the  break  which 
exists  in  the  Laki  hills  is  represented  by  an  uninterrupted  sequence  of  the  Nari 
and  Glaj  groups.  At  the  close  of  the  tertiaiy  period,  however,  there  is  a  great 
break,  and  the  latest  Manchhar  (Pliocene)  conglomerates  are  as  constantly  turned 
on  end  along  the  edge  of  the  Indus  alluvium  as  the  very  similar  Siwalik  con¬ 
glomerates  are  in  the  Punjab. 

The  lower  portion  of  the  Ranikot  beds,  the  upper  Naris,  and  the  Manchhars 
must  have  been  deposited  near  land,  for  they  contain  terrestrial  organisms,  and  all 
are  probabl}'  fluviatile  deposits ;  whilst  the  upper  Ranikot,  Khirthar,  lower  Naii 
and  Graj  beds  are  clearly  mai’ine.  Of  all  the  marine  beds,  the  Khirthar  num- 
muHtic  limestone  is  the  most  important,  and  it  is,  as  a  rule,  remarkably  free  from 
admixture  of  sand  or  other  indications  of  the  neighbourhood  of  land,  but,  as  has 
been  shown,  this  limestone  is  intercalated  with  sandstones  and  shales  in  lower 
Sind,  and  it  entirely  disappears  in  the  south-western  part  of  the  province  near 
the  Habb  river.  The  Gaj  beds,  on  the  other  hand,  are  interstratitiod  with  sand¬ 
stones  and  shales  in  the  northera  part  of  the  province,  but  have  a  much  more 
distinctly  marine  aspect  to  the  southward,  where  limestones  prevail.  It  is  pre¬ 
mature  to  reason  broadly  as  to  the  changes  in  the  distribution  of  land  and  water 
during  the  tertiary  period  until  the  rocks  of  Baluchistan  are  better  known ;  all 
that  can  be  done  now  is  to  point  out  the  leading  facts  connected  with  the  evidence 
afforded  by  the  rocks  in  Sind  itself ;  but  it  is  impossible  to  avoid  calling  attention 
to  the  much  greater  prevalence  of  marine  conditions  during  later  Eocene  and 
Miocene  times  in  Sind  than  in  the  Punjab  area  to  the  northward,  where  no  marine 
beds  of  later  date  than  the  nummulitic  limestone  have  hitherto  been  detected. 
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On  the  Origin  op  the  Kumaun  Lakes  by  V.  Ball,  M.A.,  F.G.S., 
Geological  Survey  of  India. 

In  so  far  as  the  outer  and  lower  ranges  of  the  Himalayas  are  concerned,  the 
group  or  series  of  lakes  described  in  the  following  pages  is  in  several  respects 
quite  unique. 

To  many  out  of  the  thousands  who  have  visited  the  beautiful  part  of  the 
country  where  these  lakes  are  situated,  the  question  of  their  origin  must  have 
presented  itself.  Doubtless,  it  is  in  consequence  of  the  difficulties  which  sur¬ 
round  the  subject,  that  no  one  has  ventured  to  publish  his  observations  and 
deductions  in  full. 

To  Mr.  H.  F.  Blanford,  I  believe,  belongs  the  credit  of  having  firsB  suggesteil 
in  print^  an  origin  for  them.  But  the  subject  has  often  been  discussed,  and 
three  or  four  years  ago  it  was  specially  commended  to  my  notice  by  one  who 
has  frequently  visited  Haini  Tal,  and  whose  acquaintance  with  the  Alps  and 
the  literature  of  the  subject  led  him  to  suspect  that  that  lake  might  possibly 
have  been  excavated  by  an  ancient  glacier. 

Could  I  foresee  within  the  next  few  years  any  prospect  of  my  being  able  to 
carry  on  my  examination,  of  the  ground,  I  should  not  have  presented  this 
unfinished  sketch  ;  but  as  I  do  not  do  so,  I  think  the  publication  of  the  facts  here 
given  desirable,  as  it  may  facilitate  the  speedy  final  solution  of  the  question,  and 
may  also  have  the  advantage  of  eliciting  the  opinions  of  experienced  glacialists, 
who  are  unable  to  visit  the  locality  for  themselves. 

During  a  recent  visit  to  Naini  Tal,  I  had  hoped  to  have  been  able  to  have 
prepared  a  detailed  geological  map  of  the  neighbourhood  of  the  lakes,  but  cir¬ 
cumstances  beyond  my  control  arose,  which  diminished  my  time  for  exploration 
by  two-thirds.  Though  the  area  is  not  extensive,  the  complex  and  disturbed 
nature  of  the  beds  renders  their  true  appreciation  and  demarcation  a  by  no 
means  easy  task.  Owing  to  landslips,  and  the  fact  of  so  large  a  portion  of 
the  basin  of  Naini  Tal  being  built  over,  the  accurate  mapping  of  individual  beds 
and  of  the  trap  will  require  much  time  to  accomplish. 

Of  the  age  of  the  unfossiliferous  metamorphosed  schists  in  which  the 
lakes  occur  nothing  is  certainly  known.  In  the  account  of  the  Geology  of 
Kumaun  and  Garhwal  by  Mr.  H.  B.  Medlicott*  will  be  found  such  information 
as  exists  on  the  subject.  Some  casual  observations  on  the  geology  which  bear 
upon  the  physical  origin  of  the  lakes  will  be  found  in  their  places  below ;  other¬ 
wise  there  is  no  intention  of  giving  a  detailed  account  of  the  stratigraphy  in 
this  paper.  Besides  the  map  on  the  scale  of  one  inch  to  a  mile,  shewing  the 
relative  positions  of  all  the  lakes,  it  has  been  con-sidered  advisable  to  give  with 
this  paper  a  copy  of  the  lai’ge  scale  map  of  Naini  Tal,  wliich  indicates  vei’y  beau¬ 
tifully  and  with  extreme  fidelity  the  physical  structure  of  the  neighbourhood. 


•  Unless  Genei'al  Stracliey’s  remark,  that  an  outburst  of  uinygclaloidal  trap  “  is  associated  witli 
the  formation  of  several  sniall  lakes,”  is  intended  to  be  read  us  implying  cause  and  effect. —Quar. 
Jour.,  Geol.  Soc.,  Vol.  VII,  p.  298. 

^  Proc.  As.  Soc.,  Bengal,  January  1877,  p.  3. 

®  Vide  N.-W.  Provinces  Gazetteer,  edited  by  E.  Atkinson,  Esq.,  C.S. 
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This  series  of  Tals  or  lakes  is  included  in  the  Chhakata  pargana  of  Kumaund 
They  are  by  no  means  all  of  equal  size  or  importance.  They  seem,  however,  to 
fall  naturally  into  three  classes,  the  members  of  each  class  having  certain  features 
mutually  in  common.  So  aiTanged,  they  would  stand  as  follows  : — 

Class  I. — Naini,  Bhim,  Malwa. 

„  II. — Naukachia,  Sat. 

,,  III. — Kurpa,  Dhobie,  Saria,  Sukha,  Khoorea,  &c. 

Naini  Tal. — This  lake,  so  called  after  a  Hindu  goddess,  is  situated  about 
10  miles  in  from  the  southern  slope  of  the  hills.  It  lies  at  the  bottom  of  a  valley, 
which  runs  about  north-west  south-east,  and  is  surrounded  on  all  sides,  except 
at  the  outfall  on  the  south-east,  by  lofty  ridges,  which  sei've  to  give  an  unusual 
amount  of  definition  to  the  limits  of  the  catchment  area. 

The  greatest  length  of  the  lake  it.self  is  4,703  feet,  the  maximum  breadth 
1,518  feet,*  and  the  elevation  of  the  surface  at  high  water  about  6,409  feet  above 
the  sea.  The  principal  peaks  on  the  encircling  ridges  are  Luria  Kanta,  8,144 
feet;  Sher-ki-danda ;  Ulma;  China,  8,568®;  Deopathar,  7,989;  larpathar,  7,721. 

The  China  (Chcena)  portion  of  the  ridge  at  the  head  or  north-west  end  of  the 
valley  is  steeply  scarped  above,  with  an  underclilf  much  concealed  by  talus  brought 
down  by  landslips.  It  consi.sts  chiefly  of  shales,  with  which  there  are  some  quart¬ 
zites,  and,  towards  the  crest,  thei-e  are  limestones,  which,  so  far  as  is  clearly  seen, 
may  partake  either  of  the  nature  of  beds  or  veins.  Passing  hence  round  by  north 
to  south-east  the  ridge  is  mainly  formed  of  shales  and  argillaceous  schists,  which 
are  much  contorted  and  broken  ;  but  the  prevailing  dip  is  probably  to  south- w'est, 
the  beds  striking  with  the  direction  of  the  ridge.  An  obscurely  seen  trap-dyke 
seems  to  observe  the  same  course.  To  these  two  facts,  the  dip  of  the  beds  and 
the  existence  of  the  rigid  trap  axis,  the  present  form  of  the  slope  is,  I  believe, 
under  the  influence  of  subaerial  denudation,  to  be  attributed ;  and  not  to  the 
“  friction  of  a  glacier,”  as  has  been  suggested  by  Mr.  H.  Blanford  (7.  c.). 

It  is  true  that  there  are  no  “  subordinate  ridges  and  spurs,”  but  such  is  not 
uncommonly  found  to  be  the  case  where  valleys  run  with  the  strike  between  hard 
beds  bounding  softer  ones,  which  have  been  eroded  to  form  the  valleys. 

Towards  the  end  of  the  ridge,  overhanging  the  Depot,  limestones,  which 
are  clearly  seen  in  section  to  occur  as  irregular  lenticular  ma.sses,  not  as  beds, 
become  somewhat  abundant.  I  shall  have  to  refer  to  them  again  presently.  The 
range,  on  the  south-west  of  the  valley  of  -which  larpathar  and  Deopathar  are 
the  culminating  peaks,  is  formed  of  massive  limestones,  the  bedding  of  -ndiich 
is  generally  very  obscure.  There  is  also  some  trap,  the  combined  rocks  giving  a 
very  rigid  and  steep  outline  to  the  range,  which  contrasts  most  strikingly  with  that 
on  the  north. 


'  Excepting  Malwa  Tal,  which  is  just  outside  the  boundary. 

2  These  figures  are  taken  from  a  small  table  in  the  N.-W.  Provinces  Gazetteer,  Article 


“  Kumaun.” 

2  The  highest  point  is  somewhat  in  excess  of  this  elevation,  which  is  that  of  the  peak  nearest 
to  the  lake. 
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All  the  rocks  of  this  basin,  whether  shales  or  limestones,  are  singularly 
unsuited  to  the  retention  of  the  minor  glacial  marks ;  and  if  glaciation  did  take 
place,  it  may  be  from  this  cause  that  no  such  traces  are  now  found. 

From  an  inspection  of  the  large  scale  map,  it  will  be  at  once  apparent  that 
the  head  of  the  valley  has  very  much  the  form  of  a  ‘  cirque,  ’  as  defined  by 
Mr.  Helland,’  who  argues  with  considerable  force  that  the  cirques  of  Norway 
and  Greenland  are  due  to  glaciers.  Mr.  Bonney,^  on  the  other  hand,  describes 
Alpine  cirques,  which  he  believes  to  be  formed  by  streamlets  pouring  down  the 
sides.  It  has  often  been  remarked  how  some  forms  of  our  Indian  alluvia 
under  the  operation  of  heavy  rainfalls  exhibit  in  miniature  many  of  the  forms 
of  denudation  and  erosion.  Among  these  forms,  cirques  and  cirque  valleys  are 
not  unfrequently  met  with.  Invariably,  they  are  due  not  to  denuding  action 
from  above,  but  to  subterranean  springs  or  streams.  To  a  similar  cause  may, 
I  think,  be  attributed  cirque-like  valleys  in  rocks  formed  of  loose  shales  and, 
to  some  extent,  even  those  where  the  rocks  are  limestones. 

The  accompanying  section  of  the  bed  of  the  lake  indicates  a  state  of  things 
very  different  from  what  might  have  perhaps  been  anticipated,  but,  however  the 
lake  has  been  formed,  explanations  to  account  for  the  peculiarity  about  to  be 
described  can  be  suggested. 

The  soundings  from  which  this  section  has  been  plotted  have  been  taken 
from  the  Revenue  Survey  map  on  the  scale  of  ten  inches  to  a  mile.  In  some 
cases  the  exact  character  of  the  bottom  is  given,  but  not  in  all.  A  knowledge  of 
this  character  is,  no  doubt,  a  very  great  desideratum  for  the  discussion  of  this 
question.  It  would  be  especially  desirable  to  know  the  nature  of  the  bottom  all 
across  the  lake  transversely  to  this  line  at  the  point  where  the  shallowest  sound¬ 
ing  occurs.  As  represented  in  the  section,  the  lake  consists  of  two  basins,  witli 
the  maximum  depth  nearly  centrically  situated  in  each  case.  They  are  separated 
by  what  appears  to  be  a  barrier.  If  it  really  be  so,  then  it  would  lend  consider¬ 
able  support  to  the  glacial  hypothesis.  Indeed,  if  consisting  of  rock  in  situ,  it 
would  fairly  prove  the  existence  of  a  true  rock  basin,  thus  fm-nishing  a  strong 
argument  in  favor  of  the  glacial  origin.  Supposing  it  to  be  so,  the  twin  basins 
might  be  readily  explained  by  the  hypothesis  that  they  had  been  successively 
excavated  by  the  retreating  end  of  a  glacier.  Unfortunately  the  case  is  not 
susceptible  of  so  simple  an  explanation,  as  the  shallow  sounding  may  be  caused, 
not  by  a  barrier,  but  by  a  mere  hummock,  which,  if  (as  is  possible,  so  far  as  is 
certainly  known  at  present)  occurring  isolated  by  deep  channels  from  the  margins 
of  the  lake,  would  be  on  the  other  hand  a  strong  argument  against  the  glacial 
origin,  as  such  an  obstruction  must  assuredly  have  been  swept  away  by  a  glacier 
capable  of  scooping  out  the  deeper  hollows.  Still  another  view  of  the  nature 
of  the  barrier  or  hummock,  be  it  which  it  may,  is  possible.  It  may  be  that  it  is 
not  really  formed  of  rock  in  situ,  but  is  merely  the  remnant  of  an  ancient 
landslip. 

‘  “  Cirques  are  large  spaces  excavated  from  the  solid  rock,  bounded  on  three  sides  by  an 
almost  semicylindi'ical  steep  mountain  wall,  and  with  a  tolerably  flat  floor.” — Quar.  Jour.,  Geol. 
Soc.,  Vol.  XXXIII,  p.  161. 

^  In  making  these  remarks,  I  labour  under  the  disadvantage  of  being  in  camp,  away  from 
opportunities  of  reference  to  Mr.  Bonney’s  papers. 
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In  the  present  state  .of  our  knowledge,  therefore,  no  certain  conclusion  can  ho 
drawn  from  it.  But  the  peculiar  character  of  the  basin  still  remains  a  subject 
for  some  speculation,  the  more  particularly  so  when  it  is  remembered  that  the 
operations  of  the  present  day  must  tend  steadily  to  obliterate  these  features  by 
the  deposition  of  silt  in  tho  hollows. 

Passing  from  the  lake  itself  to  examine  the  nature  of  the  barrier  at  the  out¬ 
fall,  we  find  that  it  is  formed  of  a  confused  mass  of  debris,  in  which  some  very 
large  rock  m.asses,  some  of  them  ten  feet  in  diameter,  occur.  Following  down 
the  bed  of  the  stream,  rock  in  situ  is  not  met  with  till  near  the  waterfall,  or 
at  a  level  which  must  be  considerably  below  that  of  the  bottom  of  the  lake 
where  deepest.  I  had  neither  the  time  nor  means  for  actually  ascertaining  the 
elevation  of  the  exact  point  whore  rock  in  situ  is  first  met  with  in  the  stream. 
But  it  is  an  important  jJoint  to  be  determined.  The  result  would,  I  feel  confi¬ 
dent,  completely  dispose  of  any  belief  in  the  existence  of  a  rock  basin. 

Mr.  Blanford  (L  c.),  though  he  does  not  expressly  state  his  belief  that  the 
large  blocks  of  stone  are  erratics,  suggests  that  they  may  be  derived  from  the 
limestone  at  the  ridge  at  the  head  of  the  valley  (Deopathar).  He  states  that 
his  “  impression  was  that  the  lake  was  closed  by  a  morraine.”  The  source  of 
these  blocks  I  believe  to  bo  much  closer  at  hand.  In  great  part  they  have, 
I  think,  simply  tumbled  down  from  tho  larpathar  ridge  and  its  eastern  prolonga¬ 
tion,  where  not  only  is  similar  rock  to  be  seen  in  situ,  but  similar  detached  blocks 
are  found  on  the  slopes ;  one  remarkably  fine  example  being  seen  in  the  compound 
of  Welham  house.  Others,  on  the  other  hand,  may  have  fallen  from  the  ridge 
to  the  north  of  the  depot,  where  the  already  described  lenticular  masses  of  lime¬ 
stone  occur.  The  remainder  may,  I  think,  have  simply  been  eroded  from  their 
envelopment  of  shales  at,  or  very  close  to,  the  positions  where  they  are  now  found. 
Though  it  is  convenient  to  speak  here  of  these  blocks  collectively  as  limestones, 
they  vary  much  in  character,  and  some  are  highly  indurated,  but  only  slightly 
calcareous,  mud  stones.  From  these  varying  characters  it  may  be  possible, 
hereafter,  to  trace  their  origin  individually  with  considerable  accuracy.  As  to 
the  other  characters  of  the  debris  at  the  outfall,  I  in  vain  searched  in  it  for 
evidence  of  a  glacial  origin,  and  am  unable  to  point  to  any  feature  which  is  in¬ 
consistent  with  the  idea  of  its  having  been  formed  by  a  landslip. 

Further  down  the  valley,  near  Joli,  some  3,000  feet  or  so  below  Naini  Tal, 
I  observed,  when  on  the  road  to  Ranibagh,  that  the  river  has  cut  through  an 
accumulation  of  boulders  and  finer  debris  to  a  depth  of  200  feet  or  so,  which  at  the 
time  seemed  to  me  as  possibly  of  morraine  origin.  On  reading  Mr.  Campbell’s 
opinion  of  the  same  kind  of  deposit  near  Kalka,  which  I  have  also  seen,  I 
fear  it  would  require  stronger  facts  than  I  am  in  possession  of  to  prove  it  other 
than  diluvial.  I  merely  mention  it  here  in  order  to  draw  attention  to  the  fact 
of  its  existence,  with  a  view  to  its  future  examination. 

Bhim^  Tal. — This  lake  is  situated  about  6  miles,  in  a  direct  line,  to  the  east- 
south-east  of  Naini  Tal.  Its  elevation  is  about  4,500  feet  above  the  sea,  or 
1,900  feet  lower  than  Naini  Tal.  It  lies  at  the  bottom  of  a  valley  between  two 
ranges,  which  strike  from  north-west  to  south-east.  The  northern  one  is  largely 

So  oalltjti  after  Bliim,  Sliib  or  Maliadeo,  to  whom  there  is  a  temple. 
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made  up  of  greenstone,  which  I  traced  from  the  neighbourhood  of  Bhuwali, 
through  Bhim  Tal,  up  to  Malwa  Tal.  According  to  General  Strachey’s  geological 
map,  a  continuation  of  the  same  outburst  extends  northwards  up  to  Bhujan  on  the 
Kosi.  The  southern  range  consists  chiefly  of  quartzites  and  shales,  and  rises  to 
a  height  of  1,300  feet  above  the  lake. 

At  the  entrance  to  the  lake,  in  the  very  throat  of  the  gorge,  occurs  a  small 
hill,  about  80  or  100  feet  high,  which  deflects  the  in-llowing  stream,  and  the 
existence  of  which,  if  it  really  is,  as  it  appears  to  be,  a  stable  prolongation  of  a 
spur,  presents  a  serious  obstacle  in  the  way  of  a  glacial  theory.  No  one  can 
den}',  I  think,  that  a  glacier  capable  of  scooping  out  the  lake  could  not  have 
passed  over,  or  on  one  side  of,  such  an  obstruction. 

The  determination  of  the  fact,  whether  this  hill  consists,  and  to  what  extent, 
of  rock.s  in  situ,  is  a  point,  I  believe,  of  crucial  importance  in  this  enquiry. 
Bearing  in  mind  the  vast  size  of  the  landslips  which  take  place  in  this  region, 
no  one  should  hastily  venture  an  opinion  on  such  a  point.  My  examination  of 
the  ground  was  of  too  cursoiy  a  nature  to  admit  of  my  coming  to  a  final  decision. 

The  maximum  dimensions  of  this  lake  are,  length  5,580  feet,  breadth  1,400 
feet,  and  depth  87  feet.  It  is,  therefore,  the  largest,  but  the  shallowest,^  of  all 
the  series  herein  described. 

Whether  it  be  a  historical  fact  or  not  I  cannot  say  ;  but  it  is  clearly,  I  think, 
a  fad  that  the  present  outlet  of  the  lake  was  not  the  original  one.  The  waters 
now  only  escape  through  a  sluice  close  to  the  temple,  which  is  situated  about 
midway  on  the  eastern  side ;  but  that  originally'  the  water  found  its  way  out 
at  the  southern  end,  an  inspection  of  the  map  alone  is  almost  sufficient  to 
determine. 

This  southern  end  is  now  stopped  up  by  what  appears  to  be  the  debris  of  a 
landslip.  I  was  unable  to  examine  the  valley  below,  and  the  position  and  elevation 
of  the  highest  rocks  there  remain  to  be  determined.  At  the  present  outfall, 
the  rocks  in  situ  are  apparently  at  a  higher  level  than  the  bottom  of  the  lake  ; 
but  this,  if  it  be  the  case,  is  a  fact  of  no  importance,  if  my  supposition  as  to  the 
position  of  the  original  outfall  be  correct. 

Towards  the  southern  end  of  the  lake,  on  the  eastern  side,  there  is  a  boulder 
deposit,  which  extends  along  the  bank  up  to  a  level  of  perhaps  10  feet  above  the 
water.  The  rounded  blocks  which  it  includes  were  possibly  rounded  by  the 
waters  of  the  lake  when  they  stood  at  a  higher  level,  but  its  appearance  suggests 
a  morraine  origin.  The  most  remarkable  feature  about  it,  however,  is,  that  it  is 
backed  by  no  high  range  on  the  east,  so  that,  if  derived  from  a  landslip,  the 
materials  must  have  come  from  the  west,  and,  of  necessity',  temporarily  filled  up  a 
portion  of  the  bed  of  the  lake.  As  elsewhere,  my  examination  here  was  very 
burned,  and  I  therefore  commend  this  deposit  to  the  notice  of  future  visitors. 

Malwa  Tal. — This  lake  is  situated  about  five  miles,  in  a  direct  line,  to  the 
east  of  Bhim  Tal ;  it  lies  in  a  deep  valley,  which  strikes  north-west  and  south-east, 
and  is  traversed  by  the  Kalsa  river,  a  tributary  of  the  Gola.® 


*  Sat-tal  being  excepted  ae  regards  depth. 

2  It  is  perhaps  worthy  of  note  that  tise  drainage  of  all  these  lutes  is  into  the  Gola  river. 
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The  elevations  of  the  parallel  hounding  ranges  on  the  north-east  and  south¬ 
west  average  upwards  of  3,000  feet  above  the  level  of  the  lake,  the  height  of 
■which  above  the  sea  has  been  approximately  estimated  at  3, 400  feet. 

The  range  on  the  north  is  formed  chiefly  of  ■white  and  purple  quartzites,  with 
which  there  are  some  slates  and  shales.  The  dip  of  these  beds  is  variable,  but 
north-west  at  a  low  angle  seems  to  be  the  prevailing  direction.  Much  of  the 
higher  face  of  this  range  is  steeply  scarped,  but  landslips  abound,  and  have,  to  a 
great  extent,  concealed  the  character  of  the  lower  portions. 

The  range  on  the  south  consists  primarily  of  an  axis  of  greenstone,  which 
stretches  continuously  hence  from  the  neighbourhood  of  Bhim  Tab  Associated 
with  this  gi’eenstone  are  quartzites  and  shales,  the  beds  in  immediate  contact 
often  showing  signs  of  much  alteration  and  induration.  Occasionally  the  effect 
of  the  former  has  been  such  as  to  cause  the  affected  beds  to  assimilate  to  the 
characters  of  the  greenstone,  and  to  be  almost  inseparable  from  it,  by  mere  examin¬ 
ation  of  their  out^ward  lithological  structure. 

What  the  exact  nature  of  the  physical  relations  of  this  greenstone  may  be, 
has  not  yet  been  fully  ascertained;  but  that  it  does  not  exist  merely  as  a  single 
simple  dyke  is  amply  testified  by  the  fact  that  branches  from  it  cross  the  valley 
at  both  ends  of  the  lake,  and  are  cut  through  by  the  inf  ailing  and  outf  ailing 
streams. 

At  the  head  of  the  lake  is  a  boulder  bed  through  which  the  river  cuts  to  a 
depth  of  eight  or  ten  feet.  This  deposit  consists  chiefly  of  subangular  fragments 
of  trap  and  quartzite.  At  first  I  was  inclined  to  attribute  it  to  the  effects  of  a 
retreating  morraine.  Temporarily  this  view  was  supported  by  the  discovery  of 
boulders  of  granite  and  gneiss— no  hnotun  source  for  which  exists  within  the 
present  drainage  limits  of  the  Kalsa.  It  was  impossible,  however,  to  overlook 
the  fact  that  there  were  no  signs  of  polishing  on  any  of  the  blocks,  and  that  those 
which  have  come  furthest  (the  granite,  &c.)  are  well  rounded  and  water-worn. 
Taking  into  consideration  the  professedly  general  character  of  the  only  existing 
geological  map,  it  would  bo  clearly  unsafe  to  adopt  the  view  that  no  source  for 
these  boulders  exists  within  the  -watershed  ;  and  this  the  more  especially  as  in 
the  adjoining  basin  of  the  Gola  on  the  north  the  occurrence  of  gneiss  and  granite 
is  indicated  on  the  map. 

The  importance  of  determining  the  source  from  whence  these  boulders  have 
been  derived  is  sufficiently  obvious.  If  they  have  not  come  from  within  the 
limits  of  this  catchment  basin,  then  indeed  it  might  be  necessary  to  invoke  the 
aid  of  an  ice  cap  to  account  for  their  transport;  but  in  the  meantime  it  is 
impossible  to  assert  that  this  accumulation  of  boulders  at  the  mouth  of  the  gorge 
is  other  than  a  delta  of  diluvial  origin. 

Now  as  to  the  character  of  the  lake  itself.  Its  maximum  dimensions  are, 
length  4,480  feet,  width  1,833  feet,  and  depth  127  feet.  Unfortunately,  as  was 
the  case  with  Bhim  Tal,  no  series  of  soundings  are  available,  and  the  form  of  the 
basin  is,  therefore,  uncertain.  The  bounding  ranges  and  their  slopes,  however, 
indicate  the  V  (I’iver)  rather  than  the  JJ  (glacial)  type  of  valley  denudation. 

Looking  up  the  lake  towards  the  course  of  the  stream,  the  view  just  beyond 
the  gorge  is  quite  shut  out  by  projecting  spurs,  which  a  glacier  could  have  scarce¬ 
ly  failed  to  modify,  if  not  remove. 
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At  tlie  outfall,  no  rocks  are  seen  m  situ.  The  barrier,  now  modified  by  a  ] 
sluice,  appears  to  be  mainly  formed  of  debris  thrown  down  by  landslips.  The 
first  rock  which  I  detected  in  situ  in  the  bed  of  the  stream  was  the  already  men¬ 
tioned  greenstone,  which  will,  I  believe,  prove  to  be  at  a  lower  level  than  the  bot¬ 
tom  of  the  lake. 

As  I  only  had  a  single  day  to  spend  at  this  lake,  I  was  unable  to  exa¬ 
mine  the  characters  of  the  wide  and  unusually  .straight  valley  below  the 
village  of  Malwa  Tal  {vide  map)  ;  its  examination  may  throw  some  light  on  the  I 
subject. 

Naukachia  Tal. — This  curiously  irregular-shaped  lake  has  received  its  name 
from  its  nine  corners.  It  is  situated  about  one  mile  and  a  half  to  the  south-east 
of  Bhim  Tal.  It  occupies  a  hollow  on  the  slope,  and  is  surrounded  by  low 
hillocks,  not  by  pairs  of  distinct  ranges,  as  are  the  previously  described 
lakes. 

With  a  very  narrow  outfall  on  the  north-west,  its  appearance,  as  seen  from  a 
mile  distant,  suggested  its  being  little  more  than  a  shallow  pond.  And  it  did  not 
seem  to  me  to  he  advisable  to  curtail  my  already  too  short  time  at  the  other  lakes 
by  paying  it  a  special  visit.  On  returning  to  Naini  Tal,  I  found,  very  much  to 
my  astoni,shment,  that  its  depth  is  recorded  at  132  feet,  thus  being  the  deepest 
of  the  series.  If  this  he  the  correct  depth,  it  renders  the  lake  one  of  the  most 
singular  of  all.  Its  shape,  the  nature  of  its  surroundings,  and  the  naiTow  wind¬ 
ing  course  of  the  outfall,  all  seem  inconsistent  with  the  view  that  it  is  of  glacial 
origin. 

Its  length  is  given  at  3,120  feet,  its  breadth  2,270  feet,  and  its  approximate 
elevation  above  the  sea  4,000  feet. 


Sat  Tal. — The  so-called  Sat  Tal,  or  seven  lakes,  are  situated  about  the  same 
distance  to  the  west  of  Bhim  Tal  that  Naukachia  is  to  the  south-east.  They  are 
surrounded  on  all  sides  by  steep  hills,  a  narrow  valley,  100  yards  wide,  at  the  out¬ 
fall  of  the  principal  lake  serving  to  carry  off  the  drainage.  What  the  maximum 
depth  may  be,  I  do  not  know ;  but  two  soundings,  which  I  took  in  the  western 
arm  of  the  principal  lake,  gave  depths  of  about  58  feet.  The  artificial  dam  and 
sluice  somewhat  increases  this  depth  over  what  it  would  be  naturally. 

At  the  outfall  there  is  a  landslip,  and  I  do  not  think  any  rocks  are  seen  in 
situ  till  a  much  low'cr  elevation  is  reached  than  58  feet  below  water-level. 

It  is  scarcely  probable  that  this  group  of  the  seven  lakes  was  in  any  way 
formed  by  glaciers.  I  have  seen  in  parts  of  the  Central  Provinces,  where  no 
question  of  glaciers  can  arise,  denuded  hollows  among  hills,  which,  if  closed  by 
landslips,  would  form  very  similar  lakes. 


Since  writing  the  above,  I  have  received  from  Mr.  Yule,  of  Bhim  Tal,  the 
accompanying  plan  of  soundings,  which  he  has  kindly  taken  in  the  principal  of 
the  Sat  Tal  at  my  request.  ^ 

When  it  is  remembered  that  this  curiously  shaped  lake  has  but  one  narrow  .1 
outlet,  and  that  it  is  otherwise  surrounded  on  all  sides  by  hills,  but  without  •' 
any  considerable  catchment  area  for  a  glacier  to  bo  formed  and  fed,  the  diffi-  ^ 
culty  in  the  way  of  a  glacial  theory  of  origin  becomes  strikingly  apparent.  j 
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The  maximum  depth,  it  will  be  seen,  is  given  by  Mr.  Yule  as  61|  feet,  so  that 
I  must  have  failed  to  hit  off  the  deepest  part. 

Of  the  smaller  lakes  enumerated  above  under  class  III,  I  have  nothing  to 
say  at  present.  They  have  not  yet  been  specially  examined.  Very  possibly,  there 
may  he  in  connection  with  them  various  points  of  interest  to  bo  yet  discovered. 

Conclusions. — Reviewing  the  whole  of  the  facts  which  are  enumerated  above 
in  reference  to  each  of  the  lakes,  and  considering  the  limited  zone  in  which  they 
occur — the  probability  that  they  are  all  the  result  of  one  general  series  of  oiierations 
impresses  itself  as  being  an  hypothesis  of  primary  importance.  If  one  of  the  lakes 
then  exhibits  indications  which  seem  to  connect  it  with  one  particular  mode  of 
origin,  while  others  of  the  lakes  do  not  show  such  or  similar  indications,  it  becomes 
all-important  to  submit  the  former  to  the  severest  scrutiny.  In  this  way,  I  think, 
the  appearances  suggestive  of  a  glacial  origin,  which  are  perhaps  strongest  in 
the  case  of  Naini  Tal,  lose  much  of  their  force  when  wo  find  that  other  lakes  exist 
of  generally  similar  character,  but  in  which  the  special  indications  are  wanting. 
In  the  single  character  of  the  outfall  barriers  all  the  lakes  agree ;  opinions  may 
differ  as  to  the  origin  of  these  barriers,  whether  they  are  remnants  of  mon-aines, 
or  have  been  formed  by  landslips  ;  but  it  is  almost  certain^  that  not  one  of  them 
consists  in  any  degree  of  rock  in  situ,  and  we  therefore  have  not  the  positive  aid 
of  a  rock  basin  to  determine  a  conclusion. 

There  is  one  point  geologically  which  links  the  three  larger  lakes  together,  and 
that  is  the  occni’rcnce  of  trap  dykes  in  the  vicinity  of  each.  Row,  I  do  not  think 
it  at  all  probable  that  the  lakes  are  due  to  the  original  outburst  of  trap.  Indeed, 
the  above  described  fact  in  reference  to  Malwa  Tal,  where  both  the  inflowing  and 
outflowing  streams  cut  through  trap,  renders  such  a  view  untenable.  But  it  seems 
not  improbable  that,  when  the  great  upheaval  and  disturbance  of  the  rocks  of 
this  area  took  place,  the  existence  of  comparatively  rigid  lines  of  rtap  may  have 
been  largely  instrumental  in  determining  the  form  which  the  surface  assumed, 
and  that  on  their  flanks  the  soft  shales,  &c.,  may  hav^e  been  so  much  crushed 
and  broken,  as  to  yield  more  easily  to  the  subsequent  operations  of  denudation, 
thus  affording  an  abundant  supply  of  material  for  landslips,  which  ultimately 
served  to  close  the  valleys,  and  form  the  lakes.”  Or  even  supposing  the  outburst 
of  trap  to  have  accompanied  the  upheaval  and  distiu’bance,  its  effect  in  deter¬ 
mining  the  subsequently  established  lines  of  denudation  could  not  fail  to  make 
itself  felt. 

This  explanation,  in  part  suggested  by  Mr.  Medlicott’s  observations  in  his 
well  known  jiaper  on  the  Alps  and  Himalayas,®  seems  to  me  more  in  accordance 
with  the  known  facts  I'egarding  the  whole  series  of  lakes,  than  any  glacial  theory 
can  be. 


'  Careful  levelling  can  onl)'  decide  tliis  point. 

^  It  is  possible  that  the  basin  of  Naini  Tal  may  be  connected  with  some  local  faulting,  the 
existence  of  which  is  implied  by  the  sulphur  spring  at  the  outfall.  That  a  fault  occurs  all  along 
the  centre  of  the  valley  is,  however,  scarcely  probable,  as,  did  one  exist,  it  would  show  in  the  scarp 
of  China,  the  beds  forming  which  appear  to  be  continuous  across  the  head  of  the  valley. 

’  Quar.  Jour.,  Gcol.  Soc,,  February  1868. 
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Before  commencing  examination,  I  was  myself  inclined  to  believe  in  tbe  prob¬ 
ability  of  a  glacial  origin ;  but  as  my  observations  have  accumulated,  I  have  been 
constrained  to  adopt  tbe  view,  that  tbe  balance  of  evidence  available  at  present 
is  against  such  an  explanation.  At  tbe  same  time,  I  have  indicated  that  there 
still  remain  several  points  for  determination,  which  are  of  almost  crucial  import¬ 
ance.  Future  observers  will,  probably,  give  a  large  portion  of  their  attention 
to  some  of  these  questions,  and,  with  the  aid  of  the  maps,  soundings,  &e.,  here 
given,  will  be  able  to  add  considerably  to  the  above  data,  thus  affording  fuller 
material,  by  -which  it  is  to  be  hoped  a  sound  and  stable  conclusion  may  be  finally 
arrived  at. 

I  have  only  to  add  that  it  appears  unadvisable  at  present  to  refer  particu¬ 
larly  here  to  tbe  debated  question,  as  to  tbe  evidence  of  the  former  existence  of 
glaciers  at  low  elevations  in  Kangra  and  elsewhere. 

For  the  present,  the  two  series  of  observations  had  best,  perhaps,  be  kept 
quite  separate,  but  their  ultimate  connection  and  relationship  is,  of  course,  none 
the  less  obvious. 


Note  on  a  teip  oyer  the  Milam  Pass,  Kumaon,  by  Theodore  W.  H.  Hughes^ 
A.R.S.M.  F.Gr.S.,  Geological  Survey  of  India,  with  a  description  op  the 
FOSSILS  BY  De.  Wa-AGET^,  formerly  Palceontologist  to  the  Survey. 

Early  in  August  1873,  an  opportunity  being  afforded  to  spend  a  few  weeks 
in  Tibet  and  the  higher  regions  of  the  Himalayas,  my  colleague,  Mr.  Hacket, 
and  I  undertook  to  strike  across  fi-om  Almdra  to  Milam,  and  retum  by  the  Niti 
pass.  I  had  once  before,  in  1869,  been  through  the  Milam  pass,  but  I  was  so 
distressed  by  constant  pains  when  at  high  elevations,  that  I  made  no  observations 
worth  recording.  A  judicious  preparatory  training  enabled  me  on  the  present 
occasion  to  enter  tbe  lists,  and  fight  with  fair  .success,  against  the  trials  of  high- 
region  travelling,  and  my  note-book  was  brought  more  into  requisition. 

The  time  of  year  at  which  we  started  was  too  unfavourable  to  make  any 
other  than  road-side  observations  among  the  lower  hills.  We  were  in  almost 
constant  rain  during  our  first  ten  marches,  and,  however  enthusiastic  our  aspira¬ 
tions  in  the  cause  of  geology  at  the  outset  of  each  day’s  journey  were,  they  could 
not  withstand  the  depressing  effect  of  recm’ring  downpours  of  water,  and  we 
hurried  to  shelter  as  the  most  prudent  course  to  pursue.  It  was  not  until  we 
reached  the  Bhotia  village  of  Rilkdt,  that  we  passed  out  of  the  region  of 
rain. 

We  were  fortunate  enough  to  secure  a  small  collection  of  organic  remains, 
which,  on  examination  by  Dr.  Waagen,  afforded  e-vidence  of  the  presence  of 
several  formations  not  hitherto  detected  in  this  region,  and  bringing  the  section 
here  more  into  correspondence  with  the  sequence  of  fossiliferous  strata  estab¬ 
lished  by  Dr.  Stoliezka  in  the  North-Western  Himalayas.  To  this  extent  our 
trip  was  a  satisfactory  one  ;  we  failed,  in  that  we  made  no  attempt  to  fix  accurately 
any  geological  boundaries. 

It  is  easy,  however,  to  reduce  within  narrow  limits  the  debatable  border-land 
of  the  fossiliferous  and  non-fossiliferous  rocks,  and  certain  localities  can  be 
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referred  to  their  true  palfeozoic  horizon.  The  main  interest  of  this  paper  is 
embodied  in  Dr.  Waagen’s  remarks  ;  so,  after  a  brief  account  of  the  azoic  region 
from  Almora  northward,  I  will  quote  them  in  full,  adding  a  few  comments  of  my 


Takli ;  Bageswar. 


Slates. 


We  left  llmora  on  the  afternoon  of  the  3rd  August,  and  encamped  for  the 
evening  at  Takli,  and  on  the  following  day  got  into 
Bageswar,  a  distance  of  30  miles  from  Almora. 

The  rocks  traversed  belonged  to  the  metamorphic  series,  and  consisted  of 
quartzites  and  schists,  a  few  slate  bands  and  some  lime¬ 
stones,  with  a  general  dip  to  the  north.  Good  slates 
occur  in  the  rise  of  the  hill  near  Billari,  and  capping  the  hill  is  a  great  mass  of 
limestone. 

Where  the  road  slopes  to  the  Sarju  river,  about  four  miles  south  of  Bageswar, 
soapstone  appears.  It  cannot  fail  to  be  noticed  in  the 
“  rains,”  from  the  circumstance  that  at  eveiy  step  you 
take  down  the  hill,  your  feet  slip  from  under  you,  unless  great  care  be 
e.vercised. 

Between  Bageswar  and  Kapkot— the  next  halting-place,  12  miles  distant- 
similar  rocks  to  those  already  passed  over  occur.  An 
impure  bed  of  graphite  crops  out  in  the  left  bank  of 
the  first  tributary  of  the  Sarju  beyond  Bag’eswar,  where 


KapkfSt. 


Graphite. 

From 


Kapkot 


the  roadway  is  carried  over  on  a  wooden  bridge. 


Shama. 


we  went  on  to  Shama,  a  distance  of  13  miles.  The  road 
leaves  the  valley  of  the  Sarju  at  its  junction  with  the 
Rehra,  and  follows  the  course  of  the  latter  river.  The 
rocks  are  of  the  same  character  as  those  seen  during  the  past  marches,  and  have 
still  their  northerly  dip.  Deposits  of  recent  limestone  are  very  prevalent; 
and  at  Khar-baggar,  where  the  road  to  the  Pindra  glacier  leaves  the  one  we 
were  travelling,  there  is  a  sulphureous  spring. 

Our  march  to  Tezam  was  only  7  miles,  but  a  great  deal  of  climbing  had  to  be 
done,  and  we  did  not  arrive  until  the  afternoon.  In 
addition  to  the  ordinary  quartzites  and  schists,  and  super¬ 
ficial  deposits  of  calcareous  tufa  which  were  very  numerous,  there  is  a  consider- 
^  .  able  thickness  of  white  dolomitic  limestones,  compact  and 

roloimtie  limestone.  J 

very  fine-grained.  A  splendid  cliff-section  of  them 

occurs  at  the  mouth  of  the  Jankiili  river,  which  falls  into  the  Ram- 
ganga,  opposite  Tezam.  Another  short  journey  of  miles  brought  us  to 
Girgaon,  situated  high  up  a  hillside.  For  the  firat  5  miles  the  road  runs 
along  the  right  bank  of  the  Jankiili,  and  more  dolo¬ 
mite  is  exposed.  Near  Girgaon  talcose  quartz-schists 
replace  it. 

To  Miinshiari,'  our  next  halting-place,  was  8  miles.  The  route  was  a  very 
trying  one,  owing  to  the  number  of  heavy  ascents  and 
descents.  For  some  way  beyond  Girgaon  the  most  pro- 


T6zam. 


Girgaon. 


Miinshiari. 


^  Munshiari  ig  not  the  name  of  a  village,  but  the  term  applied  to  the  whole  of  the  villages  that 
are  clustered  around  Jallat  and  Suring. 
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minent  rocks  are  the  talcose  quartz-schists;  but,  beyond  the  ordinary  break¬ 
fasting  place,  the  name  of  which  I  have  forgotten,  highly  garnetiferous  micaceous 
schists  are  common,  and  garnets  may  be  picked  up  in  hundreds  in  little  depres¬ 
sions  and  amongst  the  roots  of  trees  and  shrubs. 

We  halted  one  day  at  Miinshiari,  in  order  to  pay  a  visit  to  the  localities 
whence  are  obtained  the  ovoid  stalactites,  sold  as  curiosities  to  travellers  by  the 
people  of  Miinshiari.  The  g^ide  took  me  down  to  the  G-oii  river,  and  pointed 
to  places  in  the  cliffs  forming  the  banks,  and  said  they  were  found  there ;  but  I 
failed  to  procure  any,  and  I  question  very  much  whether  I  was  shown  the  right 
spots. 

In  the  neighbourhood  of  Miinshiari  we  began  to  notice  a  change  in  the 
character  of  the  rocks ;  and  on  our  next  march  to  Lelam  we 
saw  some  typical  gneiss  between  Dalkdt  and  Tala  Di'imar ; 
dip  north,  at  25°.  Opposite  Tala  Diimar  black  mica- 
schists,  in  some  instances  highly  garnetiferous,  and  horn¬ 
blende  schists  occur  above  the  gneiss. 

From  Lelam  we  marched  to  Bdghdiiar,  and  thence  to  Eilkot.  The  road 
keeps  in  the  valley  of  the  Gdriganga,  and  a  magnificent 
section  is  exposed  of  what  Dr.  Stoliezka  terms  his  central 
gneiss.^  It  is  traversed  by  granite  veins,  in  the  manner 


Change  in 
rocks. 


L^lam. 


character  of 


Baghd6arj  Rilk6t. 
Central  gneiss. 


described  by  him. 

Still  keeping  to  the  valley  of  the  Gdriganga,  our  next  halting-place  was 
Biirfii,  where  we  were  forced  to  remain  several  days  until 

jjiirfu,  , 

a  sufficient  number  of  jabbiis  (half-bred  yaks)  had  been 
collected  to  carry  our  camp  stoi-es  and  equipage.  Burfii  is  beyond  the  ground  of 
the  central  gneiss,  and  the  rocks  between  it  and  Rilkdt  are  quartzites,  slates, 
and  schists.  Near  Tola  I  noticed  an  immense  number  of  crystals  of  iron  pyrites 
in  almost  all  the  beds  that  I  examined. 

Our  first  discovery  of  a  fossil  was  beyond  the  village  of  Milam,  near  Shilong, 
one  of  the  halting-places  of  the  Bhotias,  in  some  fine 
silicious  sandstone.  I  think  that  the  Stropliornena  aranca, 
Salter,  which  is  the  only  silurian  form  in  our  collection,  is 
the  specimen  referred  to  ;  but  I  am  not  quite  sure,  the  label  having  been  lost. 
Along  the  remainder  of  our  route  to  the  snowy  passes,  and  especially  at  the  foot 
of  tinta  Dhiira,  we  made  several  additions  to  our  bag  of  fossils ;  and  each 
day’s  journey  to  the  frontier,  and  through  Tibet,  enabled  us  to  increase  our 
stock. 


Dr.  Waagen  says  of  our  collection  : 

“  The  fossils  brought  by  Mr.  Hughes  from  the  Milam  pass  can  be  attributed 
to  at  least  five  formations,  which  are  indicated  with  more  or  less  certainty  by 
^  ^  the  different  species.  I  consider  as  very  probably  of  creta- 

ceous  age  some  pieces  of  a  flaggy  yellowish  grey  lime¬ 
stone,  filled  with  fragments  of  shells  intermixed  with  entire  specimens,  which, 


*  Memoirs,  Geol.  Surv.,  India,  1866,  vol.  V,  page  12. 
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tJiough  the  species  could  not  be  determined,  yet,  by  the  association  of  the  genera, 
indicate  with  great  probability  the  cretaceous  formation.  I  worked  out  of  those 
rock  specimens — 

“  Corlnda,  sp.,  allied  to,  perhaps  identical  with,  C.  mncelKfera,  Stol. ;  as,  hovv- 
evei’,  only  one  .specimen  has  been  found,  the  determination  could  not  be  ma<le 
with  sufficient  certainty. 

“  Astarte,  a  middle-sized  species,  rather  oblique  in  shape,  with  concentric  folds 
near  the  apex,  nearly  smooth  on  the  other  parts  of  the  shells ;  could  not 
apparently  be  identified  with  any  of  the  hitherto  described  species.  This  shell 
seems  to  fill  whole  beds  with  hundreds  of  specimens. 

“  Pectionculus,  sp.,  a  large,  smooth,  rounded  shell,  found  among  the 
The  species  could  not  be  determined,  but  the  occurrence  of  this  genus  together 
with  a  true  Astarte  indicates  nearly  with  certainty  cretaceous  beds. 

“  Guc'ullaea,  sp.,  fragmentary. 

“  Jurassic  formation  is  rej)resented  in  the  collection,  by  a  tolerably 
Jurassic  fossils  large  number  of  fossils,  preserved  much  in  the  same  way 

as  those  found  in  Spiti. 

“  I  determined — 

Belemnites  cf.  kiinfkotensis,  Waagen  (fragments  of  the  guard),- 

Oggelia  acucincta,  Strachey. 

Perisphindes  frequens,  Of)p. 

,,  sp.  (triplicatus,  Stol.  non  Sow.) 

,,  sahinuanus,  0pp. 

,,  Stanley!,  0pp. 

„  sp. 

StepJianoaeras  ?  wallieJdi,  Gray. 

Cosmoceras  tlieodori,  0pp. 

„  odayoHus,  Strachey, 

Aucella  legwminosa,  Stol. 

„  hlanfordiana,  Stol. 

„  sp.  nov. 

Peden,  sp. 

Ehynehonella,  sp.  (varians,  Blanf.  non  Schloth.) 

“  The  genus  to  which  Ammonites  vjaUiohi,  Gray,  belongs  is  rather  doubtful,  as 
no  sufficiently  well-preserved  specimen  has  been  found  to  make  this  point  certain. 
Perispliinctes  Stanley!,  0pp.,  is  a  very  good  species,  and  easy  to  distinguish 
from  Perisplmides  cautleyi  and  spitiensis,  with  which  it  has  been  identified. 
The  now  Aucelta  is  a  large  rounded  shell,  with  very  few  concentric  strim,  but  it 
is  represented  only  by  a  single  specimen.  Nevertheless  I  thought  it  worth 
mentioning;  as  the  occurrence  of  a  new  (a  third)  species  in  the  Himalayan  Jura 
shows  yet  more  clearly  the  intermixture  of  European  and  North  Asiatic  types  in 
these  Jurassic  districts.  In  Kaehh  already  species  of  the  genus  Ancella  are  exceed¬ 
ingly  scarce,  whilst  north  of  Milam  some  of  the  rocks  are  filled  with  hundreds  of 
Aucella  leguminosa.'’ 

Almost  all  the  Jurassic  specimens  Just  described  are  from  the  neighbourhood 
of  Lapt61.  They  occur  mostly  in  concretions,  in  dark-looking  slightly  carbona¬ 
ceous  shales,  that  constitute  the  most  distinctive  rocks  of  the  formation.  At 
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Lapt6I  tlie  sliales  overlie  limestones,  and  they  form  a  trough,  which  has  a  north- 
north-west  sonth-sonth-east  strike.  They  extend  southward  as  far  as  the 
halting-place  at  the  foot  of  the  Kingrii  ghat. 

“  The  different  formations  of  the  triassic  pei’iod  are  very  poorly  represented 
Triassic  fossils.  collection,  hut  nevertheless  the  materials  are  suffi¬ 

cient  to  state  with  all  certainty  the  existence  of  these 
formations.  To  the  upper  Trias  very  probably  belong  some  hard,  flaggy,  dark- 
grey  limestones,  with  millions  of  fragmentary  shells  imbedded.  However,  only 
on  the  weather-worn  surfaces  some  species  can  he  recognised,  it  being  impossible 
to  get  anything  out  of  the  interior  of  the  rock.  I  am  able  to  recognise  one 
species  of  Monotis,  and  two  species  of  Pectens,  on  thi’ee  different  rock  specimens. 
The  only  species  determinable,  however,  is  Bhynchonella  austriaca,  Suess. 

“  There  are  yet  two  other  divisions  of  the  Trias  indicated  by  fossils  in  two 
different  kinds  of  rock.  The  one  is  represented  by  two  fragments  of  Ammonites 
of  the  group  of  Ammonites  semipartitus.  They  are  preserved  as  black  nodules 
in  a  hard,  dark-grey,  silky,  slaty  shale,  which  very  likely  belongs  to  the  ‘  Muschol- 
kalk  ’  formation.  The  other  division  of  the  Trias  is  indicated  by  a  small 
specimen  of  a  badly  preserved  Ceratite,  somewhat  like  some  species  of  the  Salt 
Range,  and  thus  possibly  out  of  some  ‘  Bunter  Sandstein  ’  beds.  The  rock  in 
which  it  is  preserved  is  a  hard,  red,  crypto-crystalline  limestone. 

“  These  few  fossils,  though  badly  preserved,  and  specifically  not  determinable, 
yet  show  beyond  a  doubt  the  existence  of  a  rather  complicated  group  of  triassic 
rocks.” 

There  are  two  geographical  zones  of  this  and  the  underlying  series,  one 
being  south  of  Laptel,  and  the  other  north  of  it,  in  the  du'oetion  of  KanchSgo. 

“  The  next  older  formations,  permian  and  carboniferous,  are  represented  in 
the  collection  by  a  somewhat  better  suite  of  fossils.  The 
most  fossiliferous  bed  is  a  white  limestone  with  a  great 
number  of  fragments  of  crinoid-stems,  and  the  following 
determinable  species : — 

“  Terebratula  Imnalayensis,  Dav. 

“  „  suhvescicularis,  Dav. 

“  „  sp.  nov.  ? 

“  Athyris  roissyi,  L’Ev. 

“  Spirifor  cf.  glaber,  Martin. 

“  OameropJioria,  sp.  nm.  ? 

“  Produatus  semireticulatus,  Martin. 

“  „  sp. 

“  Pactrynium  sp. 

“  Gyatlioplmjllum  sp. 

“  It  is  very  interesting  to  trace  how  much  this  fauna  resembles  that  of  the 
lower  carboniferous  limestone  in  the  Salt  Range ;  and  even  the  preservation  of  the 
specimens  is  such,  that  they  could  be  mistaken  as  coming  from  the  Salt  Range. 
Produchis  semireticulatus  occurs  of  its  typical  size,  whilst  the  small  form  from 
Spiti,  which  is  found  also  here,  and  quoted  by  me  as  “  Prodiidus,  sp.,”  is  very 
likely  a  different  sjjecies.  The  latter,  however,  has  been  also  obtained, 
though  rarely,  from  the  Salt  Range. 
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“  Tlie  Camerophoria  quoted  above  is  a  beautiful  large  species,  wliicb  I  could 
not  determine  for  the  present.  The  Bactrynium  also  is  interesting,  which  is  found 
plentifully  in  identical  specimens  in  the  Salt  Range.  The  genus  has  been  de¬ 
scribed  by  Giimbel  after  a  very  small  species  out  of  the  ‘  Kossener  ’  beds  of  the 
Bavarian  Alps.  The  zoological  relations  of  the  genus,  however,  are  as  yet 
thoroughly  unknown. 

“  Other  beds,  possibly  also  of  carboniferous  age,  which,  however,  could  not  be 
ascertained  by  the  few  fossils  obtained  from  them,  have  furnished : — 

Bhynchonella,  sp. 

allied  to  Mli.  acuminata,  Martin,  preserved  in  a  black  hard  shale,  and 
Spirifer  cf.  striatus,  Martin, 

Strmr/ocephalus  1?  sp. 

Bhynclionella  ?  sp. 

all  bad  specimens,  preserved  in  a  dark  liver-coloured  limestone.” 

The  dark-coloured  limestone  is  very  probably  of  carboniferous  age,  as  it  came 
from  the  same  locality  as  the  rocks  which  furnished  the  fossils  of  undoubted 
carboniferous  affinities. 

“  Of  all  the  Silurian  formations,  there  is  only  one  specimen  of  rock  in  the 
Silurian  fossil  collection.  Consisting  of  a  bit  of  white  not  very  hard 

sandstone,  with  manganese  specks,  upon  which  several 
casts  of  Stropihomena  aranea,  Salter,  are  observable.” 

The  sandstone  in  which  this  brachiopod  occurs  comes,  as  well  as  I  can  re¬ 
member,  from  the  neighbourhood  of  Shilong,  as  already  mentioned. 


The  following  list  of  halting-places  and  distances  from  Almora  to  Milam  may 
be  useful ; — 


Name  of  haltmg-place. 

Distance. 

Remarks. 

1.  Takli 

16  Miles. 

No  i'e.sting-hou.se. 

2.  Bageswar 

14  „ 

Dak  bungalow. 

3.  Kapkot  ... 

12  „ 

Dharamsala. 

4.  Shama 

13 

Ditto. 

5.  Tezam 

7  „ 

School-house. 

6.  Girgaon  ... 

6^  „ 

No  resting-houso. 

7,  Munshiari  ... 

8  „ 

Dharamsala. 

8.  Lelam  Thankot 

6  „ 

Cave. 

9.  Baghdiiar 

8  „ 

No  shelter. 

10.  Rilkot 

8  „ 

Ditto. 

11.  Milam 

8  „ 

Ditto. 

Total 

1061  „ 

i88 


Ilecorch  of  ihe  Geological  Survey  of  India, 


[vOL.  XI. 


The  Mud  Volcanoes  or  Ramri  and  CHEHunA,  hy  F.  R,  Mallet,  F.G.S., 
Geological  Survey  of  Tndia. 

During  a  recent  tour  througli  Ramri  and  Choduba,  the  main  object  of  which 
was  to  examine  and  report  on  certain  coal-beds  said  to  exist  in  the  islands,  I  had 
an  opportunity  of  visiting  the  greater  number  of  the  mud  volcanoes,  tho  occur¬ 
rence  of  which  has  long  been  known,  and  brief  allusions  to  which  are  to  be  found 
in  many  standard  works  on  volcanic  phenomena  and  on  general  geology. 

The  original  sources  of  information  referred  to  in  such  works  consist  mainly 
of  a  “  Report  on  the  Island  of  Chedooba”  by  Commander  E.  P.  Halsted,’  which, 
amongst  other  matter,  contains  valuable  and,  with  but  few  exceptions, 
accurate  observations  both  on  the  volcanoes,  and  on  the  elevation  of  Cheduba  and 
tho  neighbouring  islands  which  has  occurred  wuthin  tho  last  two  centuries. 
Besides  the  above,  a  few  notes  on  the  volcanoes  of  Ramri  may  be  found  in  Lieute¬ 
nant  Foley’s  Jouimal  of  a  tour  through  that  island,  and  in  a  paper  on  some  coal 
which  had  recently  been  found  at  Kyauk  Phyu.®  Dr.  Spry,  also,  has  briefly 
alluded  to  one  of  the  volcanoes  near  tho  last  named  place  in  his  account  of 
“  A  three  weeks’  sail  in  search  of  health.”* *  Notices  by  Captain  J.  Russell  of  a  volca¬ 
nic  island  which  rose  from  tho  sea  near  Cheduba  in  1843  and  subsequently  disap¬ 
peared  ;  of  a  fire  at  .sea  witnessed  from  Kyauk  Phyu  in  1846,  and  conjectured  to 
have  been  volcanic ;  and  by  Major  Williams  of  an  eruption  from  one  of  the 
Kyauk  Phyu  volcanoes  in  1846,  have  also  been  published."  To  all  the  above 
records  I  shall  subsequently  have  occasion  to  refer. 

The  allusions  to  Ramri  and  Cheduba  by  systematic  writers  refer  mainly  to 
the  fact  of  tho  mud  volcanoes  there  being  at,  or  near,  the  end  of  that  great  line 
of  volcanic  vents  which  may  be  traced  thence  southwards  by  Narkondam  and 
Barren  Islands,  in  the  Bay  of  Bengal,  through  the  entire  length  of  Sumatra, 
Java,  and  the  eastern  island.s  of  the  Sunda  group.  By  some,  indeed,  this  line  is 
considered  only  a  portion  of  a  still  greater  one  which,  sti-etching  from  Tierra 
del  Fuego  noidhwards,  along  tho  western  fringe  of  South  and  North  America, 
is  continued  through  tho  Aleutian  Islands,  Kamschatka  and  .Tapan  to  tho 
Phillipino  and  Molucca  lsland.s.  There  it  is  considered  to  divide  into  two,  one 
branch  running  south-east  through  Papua,  tho  New  Hebrides  and  New  Zealand  ; 
the  other  passing,  as  before  said,  through  Java  and  Sumatra,  and  having  its 
furthest  limit  in  Arrakan  and  Chittagong.* 


’  Jounial  As.  Soo.,  Bengal,  X,  1841,  pp.  319,  419. 

=  Ibid.,  II,  1833,  p.  595;  IV,  1836,  p.  20. 

*  .louniiil  As.  Soc.,  Bengal,  X,  1841,  p.  138. 

^  JSiVi!.,  XII,  1843,  p.  1114;  XIV,  1845,  Proceedings  for  Pelmiary;  XV,  1846,  Pi’ocoeilmg.s 
for  November. 

,  Scropc  on  volcanoes,  p.  12 ;  Lyell's  principles,  lOtli  edition,  11,  p.  585.  There  is  a  ‘  true’ 
volcano,  called  Pnppa-doung,  about  30  inilos  o.ast  of  tbo  Trrawadi,  in  latitude  21°,  but  it  lias  been 
long  extinct.  It  bas  been  described  by  Mr.  W.  T.  Blanford,  who  believes  it  to  be  of  Mioconx)  or 
Pliocene  age;  more  probably  tbc  latter  (Jour.  As.  Soc,  Bengal,  XXXI,  315). 
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Orograpliically  and  geologically,  liowever,  the  islands  in  question,  -which. 
Physical  features  of  Ramri  with  tlie  islets  in  the  neighbourhood,  may  be  conve- 
aiul  Cheduba.  niontly  spoken  of  as  tlie  R;iniri  group,  are  intimately 

connected  with  the  Arrakan  range  of  mountains,  which,  running  from  Cape 
Negrais  northwards  towards  Manipur,  forms  the  dimding  ridge  between  the  basin 
of  the  Irrawadi  and  the  smaller  rivers  of  Pegu,  Arrakan  and  Chittagong,  which 
find  their  way  direct  into  the  Bay  of  Bengal.  In  the  latitude  of  Riimri  this 
range  attains  in  places  an  elevation  of  from  throe  to  nearly  five  thousand  feet, 
the  hilly  islands  in  question  constituting  outliers  on  the  western  flank  of  the 
range.  Ramri  is  separated  merely  by  a  narrow  creek  from  the  mainland,  to  which 
the  whole  group  would  be  connected  by  an  elevation  of  a  few  fathoms." 

No  map  is  in  existence  which  correctly  delineates  the  orographical  feature.s 
of  these  islands.  The  Ramri  hills  are  disposed  in  very  numerous,  and  generally 
irregular,  ridges.  In  some  cases,  where  bands  of  harder  rock  preserve  a  uniform 
dip  and  strike,  as  between  Likmau  and  Minbain,  straight  and  well  defined  ranges 
occur,  but  more  frequently,  o-vving  to  the  iiregularity  of  the  strike  and  dip,  and 
the  softness  of  much  of  the  rock,  the  hiU.s  are  irregular  in  their  direction  and 
featureless  in  outline.  There  is,  however,  a,  genei-al  tendency  to  a  direction 
approximating  to  north-west — south-east.  Generally  the  rounded,  jungle-clad 
ridges  vary  in  height  from  one  or  two  hundred  feet  to  double  or  treble  that  eleva¬ 
tion.  The  hills  in  the  southern  part  of  the  island  are,  on  the  whole,  higher  than 
those  further  north.  Lieutenant  Foley  estimated  the  height  of  Jika,  a  hill  not 
far  from  the  coast,  to  the  south  or  south-south-west  of  the  town  of  Ramri,  at 
3,000  feet,  but  this  requires  confirmation.  The  highest  Revenue  Survey  Station 
on  the  island  is  about  700. 

Between  the  various  ridges,  and  stretching  to  either  side  of  the  tidal  creeks 
by  which  the  island  is  intersected,  arc  alhivial  flats  which  arc  often  of  large  area, 
and  taken  together  constitute  an  important  proportion  of  the  island.  As  an  illus¬ 
tration  of  the  extent  to  which  the  latter  is  penetiuted  by  such  creeks,  it  may  be 
mentioned  that,  at  high  tide,  boats  of  10  or  12  fathoms  length  can  go  up  the 
Minyat  River  to  the  village  of  the  same  name,  which  is  within  less  than  rivo 
miles  of  the  western  coast. 

My  acquaintance  with  Cheduba  is  confined  to  the  eastern  side.  Captain 
Halsted,  however,  who  surveyed  the  island,  describes  the  general  features  thus : 
“  Its  general  appearance  and  character  is  that  of  a  fertile  well- wooded  island  of  mo¬ 
derate  height,  and  irregular  outline.  A  band  of  level  plain,  but  little  raised  above 
the  sea,  extends  around  its  coast, s,  of  far  greater  width  on  the  east  than  on  the 
west;  within  this  lie  irregular,  low,  undulating  hills,  varying  in  height  from  50  to 
500  feet,  enclosing  several  higher  detached  mounds  of  steep,  well-wooded  sides, 
the  loftie.st  of  which,  near  the  south  part  of  the  island,  rises  nearly  1,400  feet.”" 

The  larger  of  the  outlying  islands  are  very  similar  to  the  main  ones,  on 
a  smaller  scale;  low  rounded  hills  from  100  to  perhaps  300  foot  high  rising  from 
cultivated  alluvial  plains. 

’  Tide  Admiralty  Chart  of  Bay  of  Bengal,  1876,  sheet  4. 

®  On  the  map  of  the  province  of  Pogn,  scale  8  railes=l  inch,  puhlishcd  in  the  Surveyor 
Generars  Office,  1856,  ,a  hill,  presumably  that  alluded  to  by  Captain  Halsted,  is  mai-ked  1,700  feet. 
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Tile  evidences  of  recent  elevation,  visible  along  the  coast  in  many  parts  of 
these  islands,  are  patent  at  a  glance.  The  southern 
ecent  e  eva  ion.  portion  of  Bound  Island  is  occupied  by  a  little 

rocky  table-land  100  or  150  feet  high,  and  the  remainder  by  a  plain  elevated 
but  a  few  feet  above  the  sea.  A  portion  of  the  latter  is  composed  of  rounded 

pebbles  and  boulders  of  rock,  lumps  of  coral,  sand  and  broken  shells — 

a  raised  sea-beach.  The  remainder  Is  an  alluvial  flat,  formerly  doubtless  a  man¬ 
grove  swamp,  but  now  occupied  by  rice-fields,  amongst  which  are  some  large 
rocks  with  marine  shells  still  adhering  to  them.  At  the  northern  end  of 
the  island  there  is  a  detached  rock  on  the  beach  which  strikingly  illustrates 
the  elevation,  crowned,  as  it  is,  by  an  aggregated  mass  of  marine  shells,  the 
base  of  which  is  about  six  feet  above  the  j)resent  high  tide  level,  and  the 
upper  surface  covered  with  grass  and  shrubs  {vide  illustration).  Bocks  of 
a  similar  kind  are  also  to  be  found  elsewhere  on  Bound  Island,  as  well  as  on 

Bcgnain,  or  Plat  Island,  to  the  south.  A  map  of  the  latter  is  appended  to 

Captain  Halsted’s  paper,  showing  the  present  island  to  consist  of  three  terraces 
differing  from  each  other  in  level  by  six  or  eight  feet,  i.  e.,  \st,  the  original  island 
(containing  a  mud  volcano  in  its  centre)  previous  to  the  elevation,  which  is  said 
to  have  taken  place  about  the  middle  of  the  I7th  century;  the  island  after 

this  occurrence;  and  3rd,  the  present  island,  the  outer  portion  of  which  was 
raised  about  the  year  1760i  according  to  native  information  obtained  by  Captain 
Halstcd.  The  last  elevation  was  accompanied  by  a  very  violent  earthquake  :  in 
Cheduba  “  the  sea  washed  to  and  fro  several  times  with  great  fury,  and  then 
retired  from  the  grounds,  leaving  an  immense  quantity  of  fish,  the  feasting  on  which 
is  a  favorite  story  throughout  the  island ;  no  lives  were  lost,  no  rents  in  the  earth 
occurred,  nor  fire  from  the  volcanoes  of  the  island.”  It  has  been  suggested  by 
Mr.  Piddington  (native  villagers  not  being  very  accurate,  generally,  as  to  dates) 
that  the  earthquake  was  coincident  with  the  submarine  volcanic  eruption  de¬ 
scribed  as  having  occurred  off  Pondicherry  in  1757  and,  with  much  more  pro¬ 
bability,  by  Lieutenant  Baird  Smith,  to  have  been  the  same  earthquake  as  that 
which  partially  destroyed  Chittagong  in  April  1762,  and  which  was  felt  through¬ 
out  Bengal,  Arrakan,  and  Pegu.^  A  comparison  of  Captain  Halstcd’s  map  of 
Plat  Island  with  the  present  shore  line  indicates  no  further  elevation  since  the 
date  of  his  paper. 

His  measurements  show  the  total  elevation  to  have  been  9  feet  at  Poul 
Island,  50  miles  south-east  of  Cheduba,  from  12  to  22  feet  in  various  parts 
of  Cheduba  itself,  and  13  feet  at  the  Torribles,  west  of  Kyauk  Phyu ;  the 
elevation  having  been  greatest  towards  the  north  of  Cheduba,  and  declining 
both  to  south-east  and  north-west.  Evidences  of  the  inequality  of  the  elevation 
are  also  to  be  found  in  Bamri.  On  the  western  coast,  between  Konbaung  and 
Kyauk  Grale  (and  doubtless  further)  there  is  a  raised  beach  about  20  feet  above 

1  Ninety  years  before  1841  according  to  the  text,  which  refers  to  Cheduba.  On  the  map  of  Flat 
Island  the  last  elevation  there  is  stated  to  have  occurred  eighty  years  before  the  same  date,  but 
this  would  appear  to  be  a  clerical  error ;  there  is  no  allusion  in  Captain  Halstcd’s  papei-  to  a  differ¬ 
ence  of  ten  years  between  the  last  elevations  of  Cheduba  and  Flat  Island  respectively. 

*  Trans.  Bombay  Geographical  Society,  X,  146.  ^  Journ.  As.  Soc.,  Bengal,  XII,  1050.* * 
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the  sea,  strewn  over  with  worn  lumps  of  coral,  and  of  rock  hored  by  PMadidw^ 
whose  shells  still  remain  in  the  holes.  But  a  large  part  of  the  alluvial  area  on 
the  eastern  side  of  the  island,  not  more  than  a  few  feet  above  the  sea,  does  not 
exhibit  such  evident  signs  of  recent  elevation,  nor  does  there  appear  to  be  any 
tradition  of  such  large  proportion  of  the  island  having  recently  emerged. 

The  elevation  at  the  Baranga  Islands  has  been  comparatively  slight.  In  one 
place,  however,  at  the  north  end,  I  observed  oysters  sticking  to  the  rock  about 
two  feet  above  spring  high  water  mark.  Further  north  again,  the  effects  of  the 
great  earthquake  of  17G2  were  of  a  precisely  opposite  character,  large  areas  in 
the  Chittagong  District  having  been  then  suhnergedd 

The  rocks  are  of  a  very  similar  character  throughout  the  islands,  consisting 
almost  entirely  of  shale  and  sandstone.  The  former 
Geological  character.  shades  of  gray;  although  sometimes 

well  bedded,  much  more  frequently  it  is  clunchy,  and  not  uncommonly  passes 
into  clay.  Almost  everywhere  it  includes  numerous  large  iwegular  nodules,  or 
short  strangulated  beds,  which  are  more  or  less  calcareous,  and  some  of  which 
are  tolerably  pirre  limestone.  These  nodules  are  often  traversed  by  strings  of 
calcfspar.  Irregular  strangulated  veins  of  the  same  mineral  also  intersect  the 
shales  themselves,  in  places,  and  the  latter  are  occasionally  gypseous,  containing 
I  small  disseminated  ciystals  of  selenite,  which,  by  the  weathering  away  of  the 
shales,  become  scattered  about  on  the  surface  of  the  ground.  Small  nodules  of 
clay-ironstone  are  also  met  with  in  this  way,  but  are  not  very  common.  Shales 
of  the  above  varieties  constitute  an  important  proportion  of  the  entire  bulk  of 
the  rocks. 

The  sandstones  are  usually  gray  or  greenish-gray,  more  rarely  yellowish  or 
pure  white;  sometimes  harsh;  generally  moderately  fine-grained,  and  often 
tolerably  hard.  Sometimes  they  are  intersected  by  veins  of  calcspar,  or,  like  the 
shales,  contain  irregular  nodular  calcareous  masses.  Conglomeritic  beds,  contain¬ 
ing  pebbles  from  two  inches  diameter,  downwards  (which  are  mainly  of  white 
quartz),  are  met  with,  but  rarely,  and  of  trifling  thickness. 

Both  shales  and  sandstones  not  unfrequently  contain  lignite.  It  occurs  in 
little  irregular  strings,  or  in  strangulated  layers  from  an  inch,  or  less,  up  to 
throe  or  four  inches  thick,  and  seldom  as  much  as  a  foot  long.  Where  these  are 
found  they  generally  occur  more  plentifully  in  some  beds  than  others,  lig-nitiforous 
strata  being  interbanded  with  others  which  contain  no  carbonaceous  matter. 
Woody  structure  is  frequently  seen  in  such  layers,  which  are  often  merely  the 
ends  of  stems  that  have  been  crushed  flat.  Sometimes  the  stems  are  only  partly 
converted  into  lignite,  the  remainder  being  silicified,  although  still  black  from 
residual  carbonaceous  matter.  In  some  cases  the  lignite  contains  pyrites.  Much 
larger  stems  than  the  above  are  occasionally  met  with,  one  or  two  that  I  saw 
being  18  inches  in  diameter,  and  visible  for  a  length  of  .six  or  seven  feet,  but  they 
are  far  from  common  of  such  dimensions. 

True  seams  of  coal  have  also  been  found— -at  Tsetama,  in  the  southern 
part  of  Ramri,  where  several  outcrops  occur,  varying  from  one  to  six  feet  thick  ; 

1  For  this  determination  I  am  indebted  to  Mr.  W.  Blanford. 

^  .Tonrn.  As.  Soc.,  Bengalj  XIT,  lOiS. 
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and  near  Pallang  Roa  in  Cheduba.  Beds  of  more  or  less  carbonaceous  sandstone 
have  been  met  with  in  one  or  two  other  places.  As  I  shall  subsequently  have 
occasion  to  describe  these  coal-seams  in  detail,  with  reference  to  their  economic 
value  (p.  207),  it  is  unneccssaiy  here  to  do  more  than  mention  their  occurrence. 

Besides  the  above  strata,  some  bands  of  limestone  of  considerable  thioknoss 
are  to  be  found,  which  will  be  subsequently  more  fully  described  (p.  221).  One  of 
the  most  important  of  these  is  near  Yanthek,  where  the  rock  bears  some  resem¬ 
blance  in  aspect  to  a  coar.se  yellowi.sh- white  chalk,  but  does  not  mark  like  it,  being 
as  hard  as  ordinary  limestone.  It  is  rather  brittle,  breaking  with  a  tolerably 
smooth  fracture.  The  bedding  is  generally  oRscure,  and  masses  up  to  20  feet  thick 
occur  in  which  none  is  apparent.  A  limestone  of  very  similar  character  also 
occurs  near  Tsinbok.  In  the  Pagoda  HiU,  at  the  town  of  Ramri,  and  again 
a  mile  or  two  further  east,  a  thin  band  of  such  rock  occurs  interbedded  with 
sandstone  and  shale  of  the  usual  type.  South-east  of  Tsetamd  limestone  of 
a  different  character  occurs.  It  is  of  a  pale  gray  or  grayish-white  color,  rather 
hard,  not  brittle,  and  instead  of  the  chalky  look  of  the  above,  ha,s  a  minutely 
crystalline  stinicture.  It  is  very  massively  bedded,  and  there  are,  apparently,  at 
least  two  bands,  each  not  loss  than  25  yards  thick,  with  sandstone  between.  At 
Tengbain  similar  minutely  cry.stallino  limestone  is  associated  with  rock  of  a  much 
coanser  grain,  which  in  hand  specimens  is  not  unlike  some  varieties  of  limestone 
from  the  old  metamorphic  series.  Such  cry.stalline  limestone,  again,  at  Alle 
Chaung  and  Tsiine,  is  associated  with  grayish  chert,  which  is  very  cellular  and 
rusty  on  the  weathered  portion,  and  is  intersected  by  very  numei’ous  strings  of 
white  quartz :  some  surfaces  of  the  rock  arc  sprinkled  with  little  limpid  rock 
crystals.  Cherty  and  calcareous  seams  are  irregularly  interbanded  with  each  other, 
the  beds  with  which  those  rocks  are  associated  being  ordinary  sandstones.  Simi¬ 
lar  chei’t,  with  or  without  accompanying  limestone,  is  met  with  not  unfrequently 
elsewhere,  but  the  bands  do  not  appear  to  exceed  a  few  yards  in  thickness 

With  the  exception  of  the  limestone  associated  with  chert  at  xllle  Chaung, 
which  is  dolomitic  (and  contains  minute  crystals  of  raag-netite  disseminated 
through  it),  all  the  lime.stoncs  1  have  examined  are  purely  calcareous. 

The  rocks,  generally,  throughout  the  islands,  have  been  greatly  tossed  about, 
the  strike  being  far  from  constant,  and  the  dip  extremely  irregular.  Not  uu- 
frequcntly  it  is  vertical.  But  owing  to  the  softiie.ss  of  the  shales,,  and  their 
clunchy  chai-acter,  and  the  facility  with  which  much  of  the  sandstone  gets 
broken  up  superficially,  the  lie  of  the  rocks  is  often  very  obscurely  seen. 

It  would  be  certainly  rash,  on  the  strength  of  such  cursor}’’  examination 
as  mine,  to  assert  that  the  rocks  throughout  the  islands  belong  exclusively  to 
one  series,  but  as  far  as  my  observations  go,  they  do  not  suggest  any  grounds 
STxfRciently  strong  foj-  attomjjting  a  sepai’ation. 

The  only  fossils  I  observed  were  some  obscure  markings  in  the  sandstone  at 
Likmau,  and  there  is  so  much  lithological  resemblance  between  some  of  the 
tertiai’y  gi’oups  of  Burma  that  little  can  be  gleaned  as  to  the  ago  of  the 
Ramri  rocks  from  their  mineral  characters.  It  may  be  remarked,  however,  that 

■  Mr.  W.  Theobald  mentions  similar  chert  as  occurring  in  Negi-ais  and  nuinuiulitic  strata  of 
the  I’cgu  Division  ;  Mem.  G.  S.  I.,  X,  300. 


PART  2.]  Mallet:  Mud  volcanoes  of  Rdm.ri  and  C-hedmlja.. 

petroleum-bearing  rocks  occur  througlioiit  the  islands,  and  that  the  oil-bearing 
rocks  of  Pegu,  which  are  within  70  miles  of  Ramin  in  a  straight  line,  are  believed 
bj  Mr.  Theobald  to  be  nunimulitic,  all  the  known  oil  localities  being  situated 
either  on  nummnlitic  or  still  younger  strata. 

Again,  the  coal  hitherto  found  in  Eastern  India  (Assam  and  Burma)  is  all 
either  of  cretaceous  or  of  nummulitic  age,  the  former  being  markedly  different 
in  external  characters  from  the  latter.^  That  from  the  Ramri  Islands  bears 
no  resemblance  to  cretaceous  coal,  and  is  quite  of  the  nummulitic  type.® 

The  number  of  mud  volcanoes  distributed  over  the  islands  is  consid- 
1  enable,  there  being  in  Ramri  itself  a  dozen  or  more  : 

more  than  half  that  number  in  Cheduba® ;  three, 
at  least,  on  Amherst,  and  two  on  Flat  Island.  I  have  heard  of  others  on  the 
neighbouring  part  of  the  mainland,  but  have  no  definite  information  about  them. 
On  the  opposite  side  of  the  Airakan  Range,  near  Menbo,  on  the  Iirawadi,  numer¬ 
ous  mud  volcanoes  exist,  M'hich  have  been  described  by  Dr.  T.  Oldham^^  and 
two  are  mentioned  by  Mr.  W.  Theobald  as  occurring-  on  the  coast  not  far  from 
Cape  Regrais.®  I  myself  observed  a  very  small  one  in  the  Baranga  Islands, 
and  there  are  records  of  two  sub-marine  eruptions.  It  was  reported,  on  native 
infoi-mation,  that  two  volcanoes  opened  in  the  Chittagong  Di.strict  during  the 
earthquake  of  1762.®  It  would  appear,  therefore,  that  salses  are  rather  widely 
distributed  over  both  flanks  of  the  Arrakan  Range.  But  those  in  the  Ramri 
group  hold  the  first  place  in  magnitude  and  in  the  violence  of  their  paroxysmal 
eruptions.  It  will  bo  observed  that  they  illustrate,  on  a  small  scale,  that  di.stri- 
bution  into  linearly  arranged  and  isolated  vents  which  has  been  so  commonly 
remai-ked  amongst  the  great  volcanoes  of  the  earth.  At  Kyauk  Phyu  six  occur 
in  a  line  within  a  distance  of  perhaps  a  mile  and  a  half  along  the  summit  of  a 
low  broad  iddge.  Two  volcanoes  in  close  proximity,  or  with  their  circumferences 
even  touching  each  other,  occur  in  several  cases  elsewhere. 

In  respect  to  their  form  the  volcanoes  may  be  divided  into  mounds  and  cones. 
General  appearance.  l^owever,  no  sharp  line  between  the  two 

varieties.  The  former  are  approximately  circular, 
generally  varying  in  diameter  from  50  to  100  yards  with  a  height  of  perhaps  15 
to  30  feet ;  there  are,  however,  two  exceptionally  large  one.s  in  Gheduba,  south-east 
of  the  Pagoda  Hill,  respectively  about  200  and  250  yards  across.  The  mounds  looh 
like  an  accumulation  of  angular  fragments  of  rock — shale,  sandstone,  &c.,  but  this 
appearance  is  deceptive.  During  ordinary  times  mud  is  ejected  in  small  quantities, 
and  during  the  greater  eruptions,  stones  and  mud  are  shot  out  together,  the  whole 
f(jrming  a  sort  of  unconsolidated  conglomerate.  The  wash  of  rain,  however,  scours 


'  Memoirs,  Vol.  VII,  p.  175. 

^  The  limestone  at  Yaiitlick  and  Tsinbok  (p.  221)  apparently  closely  resembles  that  de-scribect 
by  Mr.  Theobald  at  p.  313  of  bis  report,  and  which  he  considers  to  be  cretaceous.  ITiat  some  of 
the  Itamri  rocks  should  bo  refeiTed  to  this  ag'e  is  by  no  means  improbable. 

*  Vide  Captain  Ilalsted’s  Map,  Journ.  As.  Soc.,  Bengal,  Vol.  X,  p.  446. 

'*  Mission  to  the  Court  of  Ava ;  by  Captain  Vulc,  1855 Appendix,  p,  33U, 

■'  Mem.,  Ci.  S.  1.,  Vol.  X,  p.  IIP. 

‘  .lourn.  As.  Soc.,  Bengal,  XII,  1050,  and  I’hil.  Trans,,  LIIl,  231. 
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the  mud  away  from  the  surface,  leaving  a  superficial  layer  of  fragments  behind, 
which  thus  have  the  appearance  of  constituting  the  whole  mass.  On  digging 
down  a  foot,  or  less,  the  true  composition  becomes  apparent.  There  are  often 
cracks,  also,  which  show  the  mud  below,  sometimes  in  a  dried,  in  other  cases  in 
a  still  pasty  condition.  In  the  centre  of  one  of  the  Kyauk  Phyu  mounds  there 
was  a  circular  space,  about  10  yards  diameter,  where  the  surface  crust,  composed 
of  fragments  cemented  by  dried  mud,  was  not  more  than  9  inches  thick,  and  was 
intersected  by  numerous  shrinkage  cracks  through  which  a  ten-foot  stick  could 
easily  be  thrust  into  the  soft  mud  beneath.  The  highest  part  of  the  mounds  is 
generally  at  or  near  the  centre,  but  not  always.  One  of  the  large  mounds  south¬ 
east  of  Pagoda  Hill  has  its  summit  about  halfway  between  the  centre  and 
circumference.  Scattered  over  the  mounds,  more  commonly  towards  the  central 
part,  but  sometimes  at  or  near  the  edge,  there  are  generally  a  few  mud  cones  from 
a  few  inches  to  as  many  feet  in  height,  with  craters  at  the  top  containing  more  or 
less  liquid  mud.  To  these  I  shall  allude  again. 

The  mounds,  which  are  quite  bare  of  vegetation  themselves,  are  surrounded 
by  a  ring,  varying  in  breadth,  but  averaging  perhaps  60  to  100  yards,  of  casua- 
rinas,  not  very  thickly  grouped,  and  unaccompanied  by  any  other  trees.  Beneath 
them  is  thinly  scattered  grass.  Immediately  outside  this  ring  the  ordinary 
jungle  commences.  Casuarinas  arc  only  found  in  the  islands  along  the  sea  coast 
and  around  the  volcanoes.  They  prefer  a  saline  soil,  which  they  obtain  in  both 
positions.  The  mud  ejected  from  the  volcanoes  is  invariably  saline,  and  while 
favouring  the  growth  of  casuarinas,  prevents  that  of  ordinary  jungle.  At  the 
two  large  salses  south-east  of  Pagoda  Hill  (and  in  this  case  only,  as  far  as  my 
experience  goes)  ^he  casuarina  ring  is  replaced  by  one  of  phoenix  palms. 

The  most  perfect  examples  I  have  seen  of  the  conical  form  of  volcano  are 
the  two  salses  at  Kyauk  Phyu  nearest  the  sea.  One  of  these  is  about  40  feet 
high  from  the  inner  side  of  the  casuarina  ring,*  with  a  slope  increasing  in  steep¬ 
ness  towards  the  top)  of  the  cone,  where  there  is  a  crater  12  feet  in  diameter,  filled, 
(at  the  time  of  my  visit),  to  within  4  feet  of  the  top,  with  thickish  mud  into  which 
a  stick  10  feet  long  could  easily  be  thrust.  The  other  cone  is  similar,  but  smaller. 

Mounds  are  commoner  than  well  developed  cones.  The  former  would  apjiear 
to  be  in  an  earlier  stage  of  development.  The  difference  in  form  is  partly 
caused,  also,  by  the  mud  ejections  in  the  former  case  shifting  their  positions  at 
different  times  to  difl'erent  piortions  of  the  mound.  Thus  at  one  of  the  salses 
south-east  of  Pagoda  Hill,  the  largest  mud  craters  at  present,  one  of  which  is 
10  feet  high,  are  situated  close  to  the  edge  of  the  mound.  When  such  a  change 
of  position  takes  place,  the  deserted  craters,  which  have  not  had  time  to  attain 
any  very  large  dimensions,  are  washed  down  by  rain  into  the  general  mass  of  the 


'  Owing  to  tte  wcatliored,  bi’oken  up,  condition  of  the  sliHle  and  sandstone  in  the  low  broad 
ridge  on  which  the  volcanoes  are  situated,  it  is  rather  difficult  to  distinguish  the  de'bris  of  the 
former  from  that  ejected  from  the  volcanoes,  or  to  determine  how  far  the  ridge  has  been  produced 
by  the  latter.  The  summit  of  the  last  mentioned  cone  is  200  or  300  feet  above  the  sea. 
(.'aptain  Halstcd  says  that  the  volcanoes  in  Cheduba  vary  from  100  to  1,000  feet  above  the  sea 
level.  These  elevations,  however,  include  those  of  the  billy  ground  on  which  many  of  the  volcanoes 
are  situated. 
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mound,  so  that  the  latter  presents,  as  before  described,  the  aspect  of  a  heap  of 
stony  debris  on  which  only  the  more  recently  formed  and  active  mud  cones 
remain.  On  the  whole,  however,  the  ejections  are  generally  more  frequent,  or 
more  abundant,  towards  the  centre  of  the  mound,  which  is  conseqxiently  highest. 
Occasionally,  however,  the  summit  is  found  elsewhere. 

In  the  case  of  the  second  form,  the  ejections  (of  sufficiently  viscid  mud)  have 
remained  constant  to  a  single  vent,  around  which  the  entire  mass  of  matter  has 
by  degrees  been  built  up  into  one  cone  of  regular  outline.  In  the  character  of 
the  ejected  stones,  the  surrounding  casuarina  ring,  &c.,  the  cones  are  quite 
similar  to  the  mounds. 

On  rare  occasions  the  mud  volcanoes  are  subject  to  jiaroxysmal  eruptions 
Ordinary  conditions  of  erup-  of  great  violence.  In  ordinary  times,  however,  they 

remain  in  a  state  of  comparative  quiescence.  Some¬ 
times  action  is  suspended  altogether,  but  generally  a  few  mud  cones,  from  a  few 
inches  to  as  many  feet  high,  are  scattered  over  the  mounds,  in  the  majority  of 
cases  at  or  near  the  centre.  The  craters  at  the  top  contain  mud  in  various  degrees 
of  fluidity.  Sometimes  it  is  thin  and  watery ;  in  other  cases  thick  and  viscid. 
The  thin  mud  forms  cones  of  very  regxilar  outline,  but  low  inclination;  sometimes 
not  more  than  16  degrees :  the  cones  produced  from  viscid  mud,  on  the  contrary, 
rise  at  steep  angles,  and  are  sometimes  nearly  vertical  at  the  top.  In  such  cases 
they  are  formed,  in  part  at  least,  by  small  quantities  of  mud  spirted  out,  which 
drop  back  on  the  rim  and  gradually  build  it  up  like  a  wall.  Bubbles  of 
inflammable  gas  rise  through  the  mud  in  the  craters,  when  they  are  active,  in 
greater  or  loss  number.  When  the  mud  is  very  thick  the  gas  issues  with  a 
peculiar  ‘  clucking’  sort  of  noise,  and  when  sufficiently  forcible,  produces  the 
spirting  just  alluded  to. 

Besides  such  spirtings,  flows  of  mud  issue  at  times  from  theci’aters,  generally 
finding  an  exit  by  breaking  down  the  weakest  part  of  the  rim.  A  stream  of  some 
magnitude  had  flowed  from  the  most  northern  of  the  Kyauk  Phyu  conical  volca¬ 
noes  not  long  before  I  visited  it.  Issuing  from  a  gap  in  the  crater  wall,  with 
a  breadth  of  18  inches  or  2  feet,  it  flowed  down  the  side  of  the  cone,  with  a  very 
constant  width.  At  the  bottom  it  got  into  a  small  channel,  and  continued  its  course 
for  a  distance  of  100  yards  from  its  source.  The  stream  well  exhibited  that 
canal-like  form  which  sufficiently  viscid  mud  assumes  under  such  circum¬ 
stances.  Owing  to  the  sides  moving  more  slowly  than  the  centre,  and  hence 
having  more  time  to  dry,  the  mud  there  first  becomes  too  consolidated  to  flow 
further,  and  forms  banks  between  which  the  central  portion  still  flows  on.  An 
analogous  phenomenon  is  frequent  in  lava  streams.  “  A  stream  of  lava,”  says 
Mr.  Scrope,“  while  flowing  down  any  slope,  will,  owing  to  its  imperfect  fluidity, 
usually  be  thickest  towards  its  centre,  and  consequently  possess  a  convex  cross 
section  on  its  .upper  surface,  the  sides  rising  as  steep  banks  from  the  uncovered 
ground  adjoining.  But  when  the  supply  of  fresh  lava  from  the  vent  diminishes 
or  entirely  ceases  (the  still  liquid  interior  at  the  central  part  of  the  current 
continuing  for  some  time  to  flow  on,  urged  by  its  oum  weight  above,  down  any 
slope  that  offers  itself),  the  upper  crust,  being  unsuppoi-ted,  will  have  a  tendency 
to  subside  in  proportion.  Hence  we  often  find  narrow  lava-streams  confined 
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within  banks,  which  they  seem  to  have  raised  themselves,  and  having  a  concave 
surface  in  their  cross  section  ;  the  sides,  which  necessarily  cooled  sooner  than  the 
central  part,  preserving  their  thickness,  and  taking  the  form  of  high  banks  or 
ridges,  between  which  the  internal  lava-stream  flowed  on  for  some  time,  as  in 
a  canal,  the  level  of  its  surface  gradually  lowering  as  the  supply  fi-om  above 
ceased.”^ 

The  sources  of  the  mud  are  undoubtedly  the  gray  shales  which  form  such 
an  important  part  of  the  rocks  throughout  the  islands.  Although  these  are 
generally  brittle  and  clnnehy  in  a  dry  state,  when  thoroughly  soaked  with  water, 
as  they  are  seen,  for  instance,  along  the  shore  at  low  tide,  they  break  with  a  some¬ 
what  plastic  mode  of  fracture,  and  are  easily  kneaded  into  mud  identical  in 
appearance  with  that  ejected  from  the  volcanoes. 

I  have  not  myself  observed  the  mud  to  possess  any  sensible  degi’ee  of 
w'armth,  but  I  was  not  fortunate  enough  to  witness  any  actual  eruption  beyond 
a  mere  dribble.  That  the  mud  is  waiun,  however,  at  times,  wo  have  the  evidence 
of  Mr.  Howe,  who  found  “  a  hot  slimy  fluid”  some  time  after  a  fiery  eruption 
from  one  of  the  Kyauk  Phjm  volcanoes.  Captain  Halsted  found  mud  brought 
up  from  a  depth  of  17  feet  at  one  of  the  Ramri  volcanoes  to  slioiv  “a  temper¬ 
ature  of  92°  20',  above  that  of  the  atmosphere”  {sic ;  misprint  for  92“,  20°  above 
that  of  the  atmosphere  ?).  Hr.  Spry  also  remarked  that  the  crater  of  one  of  the 
, Kyauk  Phyu  volcanoes,  12  feet  in  diameter,  “  was  filled  with  warm  liquid  mud.” 

The  ejected  mud  alw'ays  contains  more  or  less  saline  matter,  which  is  princi¬ 
pally  common  salt.  Occasionally,  ho  wever,  this  .salt  is  mixed  with  a  large  propor¬ 
tion  of  sodium  sulphate,  and  contains  calcium  sulphate  besides.  It  has  been 
suggested  that  the  salt  is  derived  direct  from  sea  water,-  and  Captain  Williams 
even  mentions  having  received  a  fish  which  was  said  by  the  natives  to  have 
been  thrown  up  by  one  of  the  Kyauk  Phyu  volcanoes.^  This  idea,  however,  is 
scarcely  supported  by  the  want  of  uniformity  in  the  compo.sition  of  the  salt,  and 
it  is,  I  think,  probable  that  the  latter  is  derived  in  considerable  part  from  the  rocks 
themselves  that  yield  the  supply  of  mud.  The  intimate  connection  between  the 
petroleum  and  mud  volcanoes  of  Ramri  will  be  subsequently  alluded  to,  and  it  is 
well  known  how  frequently  mineral  oil  and  salt  are  associated.  In  India  they 
are  found  together  in  the  oil-producing  tracts  of  Burma,  Assam,  and  the 
Punjab.^  That  the  Ramri  rocks  do  contain  saline  matter  I  found  by  examining 
the  shales  or  clays  from  the  oil-wells  of  Tsi  Chang,  Letaung,  and  Minbain,  which 
when  lixiviated  with  water  all  yielded  soluble  chlorides  and  sulphates  in  varying 
proportions.  Further,  it  appears  from  Dr.  Oldham’s  account  that  the  mud  from  the 
craters  at  Menbo  on  the  Irrawadi,  .some  70  miles  from  the  sea  in  a  straight  line, 
is  saline  also,  and  is  largely  used  for  the  preparation  of  salt  by  lixiviation. 

Water  in  considerable  quantity'  is,  of  course,  a  necessity  for  the  production 
of  the  often  slushy  mud  ejected  by  the  Ramri  salses,  and  that  this  in  some 


'  Volcanoes,  p.  76. 

2  Trans.  Bombay  Geol.  Soc.,  X,  146. 

^  Journ.  As.  Soc„  Bengal,  XII,  334. 

■*  Rec.  G.  S.  I.,  VI,  70:  Mem.  G.  S.  1.,  XII,  356  ;  XI.  129. 
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cases  infiltrates  from  tlie  sea  is  by  no  means  unlikely,  but  in  others,  where  the 
volcanoes  are  two  or  three  miles  from  the  coast  or  any  creek,  it  would  appear  not 
improbable  that  the  water  is  derived  from  surface  percolation.  Saltnes.s  is  a  very 
common  characteristic  of  mud  volcanoes,  as  is  indeed  indicated  by  the  term  saZse^ 
often  used  for  them. 

Although  the  emissions  from  the  volcanoes  in  their  ordinary  condition  are 

„  ,  of  the  aboA'e  described  insignificant  character,  at 

Paroxysmal  eruptions.  .  ,  •  ,  %  • 

uncertain  (and  sometimes  long)  intervals,  emptions 

of  a  much  more  violent  character  take  place.  A  t  such  times  mud  and  stone.s 
are  shot  out  with  great  force  and  noise,  accompanied  by  largo  quantitio.s  of 
inflammable  gas,  which  in  many  cases  catches  fire  and  gives  rise  to  a  volume 
of  flame  that  lights  up  the  country  for  miles  around.  Of  course  such  eruptions 
vary  in  intensity,  some  being  much  more  violent  than  others.  I  was  not  fortu¬ 
nate  enough  to  see  anything  of  the  kind,  but  there  are  several  records  of 
their  oceurrence. 

From  one  of  the  Kyauk  Pbyu  volcanoes,  Dr.  McClelland  states,  that  “  vapour 
and  flame  were  seen  by  the  inhabitants  of  Kyauk  Phyu  to  issue  to  the  height  of 
several  hundred  feet  above  the  summit  during  the  principal  shock  of  the  earth¬ 
quake  of  the  26th  August  1833^.”  This  was  a  violent  earthquake  felt,  amongst 
other  places,  at  Calcutta,  Agra,  Nepal,  and  Lassa. 

On  the  23rd  of  March  1839  a  A^ery  sei^ere  earthquake  was  felt  throughout 
the  whole  of  Burma,  during  which  “  fires,  mingled  with  smoke  and  ashes,  rose 
to  a  fearful  height  ”  from  one  of  the  same  group  of  vents.® 

Mr.  HoAve,  Marine  Assistant  at  Kyauk  Phyu,  thus  describes  an  eruption 
which  occurred  on  the  6th  of  February  1843; — “  We  had,  last  night,  a  most  magni¬ 
ficent  volcanic  eruption.  The  mountain,  which  is  of  moderate  lieight,  and  shaped 
somewhat  like  a  pyramid,  is  about  three  or  four  miles  from  the  station,  which  was 
rendered  as  light  as  noon-day,  though  midnight  at  the  time.  The  eruption 
commenced  at  about  11  p.  M.,  unaccompanied  by  any  rumbling,  but  throwing  up 
masses  and  particles  of  lava  (.sic  ;  vide  p.  202)  to  an  immense  height,  and  presenting 
a  most  magnificent  spectacle,  visible  all  round  the  country.  The  weather  had 
been  for  some  evenings  previous  close  and  threatening,  though  the  glass  kept 
Up,  varying  from  30°  12'  to  29°  98'  for  the  last  five  or  six  days. 

“  The  fire  gradually  went  out,  and  all  was  still  again  by  about  half  an  hour 
after  midnight. 

“  This  eruption  takes  place,  from  what  1  hear,  generally  once  in  two  years, 
sometimes  annually.”''  Subsequently — how  long  does  not  appear — Mr.  Howe 
wrote, — “  The  volcano  is  still  in  a  bubbling  boiling  state,  the  orifice  not  larger  than 
a  tea  cup,  and  there  is  a  hot  slimy  fluid  to  be  dipped  up  at  the  surface,  but  no 
vapour  or  noise  is  emitted,  and  it  is  otherwise  quiet.”^  As  no  vapour  was  emitted 

'  From  mlms,  salted. 

2  Report  of  a  Committee  for  investigating  tlie  coal  and  mineral  resonrces  of  India 
(183S),  p.  41. 

®  Silliman’s  Journal,  XXX'VIII,  386 — British  Association  Earthquake  Catalogue. 

^  Journ.  As.  Soc.,  Bengal,  XII,  256. 

‘  Ibid.,  521. 
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the  “boiling”  spoken  of  was  doubtless  the  escape  of  gas.  The  orifice  must 
of  course  have  been  of  considerable  dimensions  during  the  eruption  on  the  6th 
of  February.  Subsequently  to  that  date,  when  the  violent  stage  of  the  eruption 
was  over,  a  mud  cone,  similar  to  those  described  above,  was  probably  quietly 
built  up  over  the  spot,  with  a  crater  of  the  size  mentioned. 

Between  the  26th  and  29th  of  July  1843,  an  eruption  took  place  “at  a 
distance  of  about  thirty  bamboos  ”  south  of  False  Island,  which  a  few  months 
afterwards  was  described  as  follows  by  natives  of  Oheduba  and  Flat  Island  to 
Captain  Russell,  commanding  the  H.  C.  steamer  Oatujes :  “  About  our  morning 

meal,  or  7  or  8  o’clock  on  the  morning  of  the  first  day,  we  heard  a  great  noise,  and 
saw  fire  rising  out  of  the  sea,  which  continued  for  four  days  ;  on  the  second  day 
we  saw  a  small  island  newly  formed  in  the  sea,  between  ‘  Flat  Rock  ’  and 
‘  Round  Rock,’^  about  the  size  of  the  sandbank  called  False  Island. 

“  We  saw  the  newly  formed  island  for  a  month,  but  could  not  approach  it 
on  account  of  the  boisterous  sea  on  the  coast.  We  felt  an  earthquake  before 
we  saw  the  fire  in  the  sea  ;  in  the  month  of  October  we  came  out  in  our  boats  | 

to  look  for  the  island,  but  saw  nothing.  The  rocks,  as  they  now  lay,  are  of  | 

the  same  number  and  position  as  before  the  appearance  of  the  new  island.’  ® 
Captain  Russell  found  two  and  a  half  to  thi-ee  fathoms  of  water  over  the  spot  j 

where  the  island  had  been,  with  a  rocky  bottom.  The  ejecta  during  such  erup-  J 

tions  being  exclusively  mud  and  stones,  none  but  the  largest  among  the  lattoi'  I 

would  have  any  power  of  resisting  the  waves  during  the  south-west  monsoon.  ; 

“  On  the  night  of  the  2nd  of  January  1845,”  Ensign  G.  Hankin,  66th  Native 
Infantry,  wrote,  the  day  after  the  occurrence : — “  Between  the  hours  of  6  and  7, 
a  very  interesting  and  singular  phenomenon  was  observed  off  the  coast  of  Kyauk 
Phyu.  The  sky  on  the  horizon  was  ohsei’ved  to  brighten  up  as  when  illuminated 
by  the  rays  of  the  setting  sun,  except  that  the  light  more  resembled  the  flicker-  ; 

ing  of  a  fire  than  the  gradual  descent  of  that  luminary.  It  continued  in  this  ; 

way  for  half  an  hour  or  so,  when  all  of  a  sudden  immense  volumes  of  flame  were 
seen  to  issue  as  it  were  from  the  depths  of  the  ocean,  presenting  the  most  sub-  a 

lime  yet  awful  spectacle  to  the  beholders.  The  general  idea  entertained  was,  a 

that  a  ship  had  caught  fire ;  but  this  was  soon  dispelled  by  a  low  continuous  j 

rumbling,  which  seemed  to  sound  from  the  bowels  of  the  earth,  and  was  re-echoed 
by  the  surrounding  hills.  Previous  to  this,  however.  Captain  Howe,  the  Marine 
Superintendent,  had  with  the  greatest  promptitude  set  off  in  H.  C.  schooner 
“  Petrel,”  intending  to  render  assistance  to  the  supposed  unfortunates  of  the  burn¬ 
ing  ship ;  he  returned  without  seeing  anything,  and  it  is  thought  that  the  whole 
was  the  result  of  some  hidden  volcanic  agency;  one  of  the  neighbouring  hills 
possessing  that  extraordinary  property,  and  from  which  flames  have  been  seen  to 
issue  before.  The  weather  at  the  time  was  still  and  serene,  hardly  a  breath  dis¬ 
turbed  the  air :  it  was  in  fact,  as  some  one  observed,  a  very  earthquaky  day.”“ 
According  to  Captain  Williams’  account  “  the  reflection  of  the  flame  was  made 
on  a  dark  bank  of  clouds,  west  of  the  station,  on  the  track  of  ships  from  hence 

'  Not  to  be  confounded  with  Flat  and  Round  Islands. 

^  Journ.  As.  Soc.,  Bengal,  XII,  832,  1116. 

^  Journ.  As.  Soc.,  Bengal,  XIV,  1845,  Proceedings  for  February. 
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to  Calcutta ;  it  flickered  several  times  as  if  the  tire  had  been  got  under,  and  after 
lasting  15  or  20  minutes  (say)  suddenly  went  out.  Various  were  the  conjectures  ; 
I  thought  it  was  the  reflection  of  the  sun  from  below  the  horizon,  but  the  sudden 
light  of  flame  was  too  brilliant  and  unsteady  to  be  the  sun’s  light ;  electricity  in 
the  cloud  was  stated  to  be  the  cause,  but  this  is  not  the  season  foi'  such  a  cause  : 
‘a  ship  on  tire,’  said  many;  but  this  morning  the  prevailing  opinion  is,  that 
a  volcanic  eruption  has  taken  place  20  miles  out  to  sea,  similar  to  what  I  reported 
as  having  taken  place  near  Cheduba.  The  argument  against  its  having  been 
a  shi]}  on  tire  is,  that  the  flame  showing  so  brilliant  and  so  great  a  light  could  not 
be  so  suddenly  extinguished  as  this  was,  the  dark  bank  of  clouds  may  have  been 
formed  of  the  smoke  of  the  volcano.” 

The  light  was  also  seen  by  Captain  Siddons  and  others  from  Akyab,  and  from 
the  H.  C.  schooner  “  ‘Sp?/,’’  then  off  the  As.sirghar  shoal  (about  30  miles  north¬ 
west  of  Akyab),  the  Commander  of  which  ship  saw  “  five  different  times  large 
masses  of  fires  thrown  up,”  which  he  sujiposed  to  be  a  volcanic  eruption.  It  is 
scarcely  open  to  doubt,  however,  that  what  was  seen  from  the  ‘"Spy,”  at  least, 
was  the  reflection  of  the  fire  from  the  bank  of  the  clouds  alluded  to  by  Captain 
Williams,  and  not  the  flames  themselves.  The  bearings  taken  from  the  above 
different  places  showed  the  position  of  the  fire  to  have  been  about  7  miles  S.  |  B. 
from  the  south  end  of  the  Western  Baranga,  the  distance  from  Kyauk  Phyu 
being  31  nautical  miles,  from  Akyab  28,  and  from  the  Assirghar  shoal  57.  As 
Kyauk  Phyu  and  Akyab  are  both  on  alhrviiim,  it  is  not  j)robable  that  the  observ¬ 
ers  in  any  case  were  more  than  20  feet  or  so  above  the  sea.  Taking,  therefore, 
the  curvature  of  the  earth  (with  refraction)  into  account,  the  flames  to  have  been 
themselves  visible  at  the  above  distances  must,  with  reference  to  each  position 
respectively,  have  exceeded  500,  400,  and  2,000  feet  in  height !.' 

Soundings  were  made  within  a  few  days  of  the  occurrence,  but  no  difference 
from  the  soundings  laid  dowm  on  the  chart  was  discovered. 

An  eruption,  on  a  compai'atively  small  scale,  which  took  place  from  one  of 
the  Kyauk  Phyu  volcanoes  on  the  25th  of  October  1846,  was  thus  described  by 
Major  Williams  ; — “About  a  quarter  to  9  o’clock  last  night,  we  had  an  eruption 
of  one  of  our  volcanoes  near  the  village  of  Chein  Kroong,^  about  three  or  four 
miles  from  this  station,  on  the  island  of  Ramri ;  it  burst  out  suddenly  with 
a  slight  noise,  emitting  a  brilliant  flame,  which  instantly  went  out,  and  ao'ain 
burst  forth;  this  happened  for  fifteen  or  twenty  times,  when  the  flame  burnt 
steadily,  gradually  diminishing,  and  disappeared  altogether  about  daybreak,  or 
a  little  before  it,  this  morning :  it  rained  heavily  all  the  time. 

“The  whole  sky  was  illuminated  brilliantly,  and  again  suddenly  everything 
was  immersed  in  darkness  during  the  flashes,  and  then  sudden  disappearance, 
which  I  can  only  compare  to  the  effect,  on  a  small  scale,  of  a  handful  of  oil,  or  any 

'  Humboldt  mentions  an  eruption  from  a  mud  volcano  near  Baku,  when  the  flames  flashed  up 
to  an  extraordinary  height  for  three  hours,  and  another  in  the  same  region  during  which  the  flames 
rose  so  high  that  they  could  be  seen  at  a  distance  of  24  miles  (Kosmo.s  I).  It  is  stated  by 
Eichwald  that  the  eruptions  there  always  terminate  with  a  pouring  out  of  naphtha  (Edin  New 
Phil.  .lournal,  XIV,  132). 

•  Tsi  Chang  ? 
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combustible  matter  being  thrown  into  a  fire  ”  ...  “I  have  had  a  more  correct  des¬ 
cription  of  the  volcano  to-day”  :  (28th)  “  The  size  of  the  crater  is  about  six  feet 
in  diameter  only,  surrounded  on  all  sides,  to  some  extent,  with  soft  mud  knee-deep, 
and  the  jhow  or  cassuarino  trees  growing  around  unhurt,  in  a  regular  manner  as 
if  planted  there ;  no  other  kind  of  trees  near,  and  of  course  all  other  vegetation 
covered  with  the  mud  thrown  out.  It  is  still  burning,  and  it  is  just  now  a  place  of 
resoit.  by  these  superstitious  people  who  make  offerings  to  the  Naga,  the  cause  of 
earthquakes  and  volcanoes.  It  appears  that  there  is  no  hole  where  the  flame  (still 
burning  and  about  two  feet  high)  issues  from,  it  comes  up  through  the  soft  mud.”* 

According  to  some  of  the  head  men  of  Tsi  Chang  whom  I  questioned,  the 
time  that  has  elapsed  since  the  latest  eruption  from  each  of  the  different  Kyauk 
Phyu  volcanoes  is  roughly  as  follows  : — 

Interval  since  last  eruption. 

1st  (most  southerly)  volcano  ...  ...  ...  17  or  18  years. 

2nd  „  ...  ...  ...  10  years. 

^rd  .  ,,  ...  ...  .  .  Urupts  almost  yearly. 

4th  „  ...  ...  ...  E.vtiuct. 

5th  „  ...  ...  ...  3  or  4  years. 

6th  ...  ...  ...  ? 

The  eruptions  are  only  sometimes  accompanied  by  flame.  Four  years  ago 
there  was  a  gi'eat  eruption  of  the  3rd  volcano :  the  heat  given  off  by  the  flames 
was  then  so  great  that  the  villagers  could  not  approach  near,  but  looked  on  from 
behind  the  shelter  of  the  neighbouring  jungle. 

There  is  a  story  well  known  over  Cheduba  and  which  was  told  to  me,  amongst 
others,  by  the  Burman  Extra  Assistant  Commissioner  and  by  the  head  man  of 
Kanthao  Roa :  although  largely  mixed  up  with  fable,  there  would  appear  to  be 
a  substratum  of  fact,  and  it  serves,  at  least,  to  illustrate  the  ideas  held  by  the 
islanders  themselves  regarding  their  volcanoes.  About  three  years  ago,  as  it  is 
said,  a  party  of  nine  people  from  the  village  of  Kaindi  Roa,  went  to  the  Pagoda 
Hill  to  worship,  one  of  the  party  being  a  man  named  Ngalaitke,  which  means 
a  turtle  in  Arrakanese.  On  their  return,  and  while  passing  over  one  of  the  large 
volcanic  mounds  near  the  Pagoda  Hill,  one  of  the  men  called  out  mockingly  to 
the  Naga — a  spirit  in  the  form  of  a  serpent  that  presides  over  each  volcano — “  O  ! 
Naga  Ji,  here  is  a  fine  turtle  I  have  brought;  let  me  have  some  fire  to  cook  him  !” 
The  offended  Nagd  granted  his  wish.  Flames  issued  from  the  volcano.  Four  of 
the  party  wei'e  consumed  and  the  remainder  escaped  more  or  less  injured.  The 
Extra  Assistant  Commissioner,  while  telling  me  the  tale  at  Kanthao  Roa,  sent  for 
a  woman  who  was  said  to  have  been  amongst  the  number,  and  who  was  marked 
with  large  scars  like  those  produced  by  severe  burns,  which  she  said  she  had 
received  on  the  occasion  referred  to.  She  had  not,  however,  herself  heard  the 
insult  offered  to  the  Naga.  This  part  of  the  story  null  perhaps  strike  the 
sceptical  as'boing  open  to  some  doubt,  but  that  flames  did  issue  suddenly  and 
injure  the  people  is,  I  am  inclined  to  believe,  a  fact.  It  may  be  observed  that  in 
some  of  the  preceding  records,  also,  the  eruptions  are  said  to  have  had  a  sudden 
commencement. 


1  .Jourii.  As.  Soc.,  Bengal,  l’roceediiig.s  for  November  1816. 
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There  is  a  notion  prevalent  amongst  the  islanders  that  eruptions,  from  the 
volcanoes  generally,  take  place  more  frequently  during  the  rains  than  at  other 
times  of  the  year,  an  idea  which  can  scarcely  be  considered  as  borne  out  by  the 
few  dates  of  eruption  on  record.  Those  mentioned  above  are  respectively — ■ 

January  2nd. 

February  6th. 

March  23rd. 

July  26th. 

'  August  26th. 

October  25th. 

A  greater  tendency  of  eruption  at  certain  times  of  the  year  has,  however, 

bee:(}  suspected  to  exist  in  some  other  parts  of  the  world.  It  is  stated  by 

Dr.  Horsfield  that  the  eruptions  from  the  mud  volcanoes  of  Java  are  more  violent 

during  the  rainy  season  than  at  other  times,'  and  M.  Dubois  de  Montpereux 

mentions  that  out  of  six  eruptions  from  the  mud  volcanoes  near  the  entrance  to 

the  sea  of  Azov,  five  occurred  between  Februaiy  and  the  10th  of  May,  the  only 

known  autumnal  eruption  having  been  on  the  5th  September.® 

The  vast  majority  of  the  ejected  pieces  of  rock  are  from  half  an  inch,  or  less, 

p.  ,  j  ,  to  4  or  6  inches  diameter.  Stones  of  half  a  cubic 

Fjected  stones. 

foot  are  not  very  common,  and  those  of  a  foot  rare. 
On  the  large  mounds  south-east  of  Pagoda  Hill,  however,  there  are  a  few  blocks 
containing  3  or  4  cubic  feet,  or  more,  of  rock.  The  height  to  which  some  of  the 
stones  have  been  thrown  may  bo  gathered  from  the  distance  from  the  mound  to 
which  they  have  been  scattered  over  the  surrounding  phoenix  ring. 

The  ejected  stones  are,  without  exception,  fragments  of  the  various  kinds  of 
rock  found  in  the  neighbourhood  of  the  volcanoes,  the  great  mass  being  shale  and 
sandstone.  These  are  often  j)onotrated  by  veins  of  calcspar,  and  occasionally 
contain  strings  of  lignite.  Pieces  of  more  or  less  impure  limestone,  also,  are  not 
uncommon.  Bits  of  pyrites  are  occasionally  found,  but  are  far  from  plentiful.^ 

V ery  rarely  indeed  do  the  stones  show  any  definite  signs  of  alteration  by  heat. 
The  only  case  I  observed  was  that  of  some  fragments  of  rod  shale,  different  in 
color  from  anything  observed  in  situ.  On  exposing  fragments  of  gray  shale,  how¬ 
ever,  from  some  of  the  oil  wells,  to  a  red  heat  over  a  Bunsen’s  burner,  they 
became  first  dark  colored  and  then  red.  Mr.  Piddington  mentions  having  received, 
amongst  other  specimens  sent  by  Mr.  Howe  from  the  Kyauk  Phyu  volcano  after 
the  eruption  of  Februaiy  1843,  a  specimen  which  was  “  gray  shale  at  one  end 
and  brick-red  clay  slate  at  the  other,  with  the  dark  half-calcined-shale  in  the 
middle.”'  Captain  Halsted  alludes  to  “  a  white  stone,  like  chalk,  found  on  all  the 
large  volcanoes,  which  was  considered  as  the  common  greenish  sandstone  discolored 
by  heat.”  The  bleached-looking  appearance  of  this  rock,  however,  is  deceptive. 


'  Daubeny  on  volcanoes,  p.  409. 

®  Geological  Observer,  p.  475.  Also  Verneuil :  Memoires  de  la  Societe  Geologique  de  France, 
HI,  p.  4. 

®  Spoken  of  as  “  copper  ore”  by  Captain  Halsted,  who  also  mentions  “  silver  ore.”  The  latter 
was  conjectured  by  Mr.  Piddington  to  have  been  marcasite,  but  no  specimens  were  forthcoming 
for  examination.  (Journ.  As.  Soc.,  Bengal,  X,  443,  449). 

'  Journ,  As,  Soc,,  Bengal,  XII,  336. 
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It  is  merely  a  line-grained,  slightly  calcareous,  white  sandstone,  which  I  have 
obser'ved  more  than  once  in  situ  near  the  volcanoes. 

Mr.  Howe  alludes  to  “  mas.ses  and  particles  of  lava”  thrown  up  from  one  of 

No  products  of  fusion  ejected.  Kyank  Phyu  volcanoes  during  the  above  men¬ 
tioned  eruption.  Lieutenant  Foley,  also,  says  that  at 
one  of  the  craters  in  the  same  neighhourhood  “  scoriaceous  matter,  trap  minerals, 
and  basalt  show  evidence  of  more  active  volcanic  agency  in  times  past.^”  This 
statement  is,  however,  completely  erroneous.  I  have  visited  every  one  of  the 
Kyauk  Phyu  volcanoes,  and  (knowing  beforehand  what  had  been'  written)  failed 
to  find  a  single  particle  of  basalt,  lava,  scoriae,  or  any  other  rock  showing  even 
a  trace  of  fusion.  The  ‘hard  and  sonorous  rock  resembling  clinkstone,  of 
a  sea-green  color  and  intersected  with  veins  of  calcspar,’  found  by  Lieutenant 
Foley  at  the  foot  of  one  of  the  Ramri  volcanoes,  and  conjectured  by  him  to 
have  been  ejected  in  a  state  of  fusion,  was  most  jmobably  a  hard,  fine-gi-ained, 
greenish  sandstone  with  calcspar  veins  through  it.  A  rock  of  this  kind  may  be 
seen,  amongst  other  localities,  on  Flat  Island.  In  another  place,  indeed.  Lieute¬ 
nant  I  oley  says  that  “  a  few  blocks  of  sandstone,  and  a  conglomerate,  consisting 
of  a  paste  of  sand.stone,  with  enclosed  nodules  of  a  calcareous  earth,  lay  upon 
the  beach ;  some  of  these  rocks  had  a  scoriaceous  appearance,  were  enermsted  with 
crystals  of  iron  pyrites,  and  bore  evident  marks  of  igneous  origin.”® 

The  inflammable  gas  which  is  evolved  from  the  volcanoes,  in  bubbles  during 
Gaseous  emissions.  ordinary  times,  and  in  enormous  quantities  during 

the  most  violent  eruptions,  is  evidently,  in  the  main, 
marsh-gas,  mixed  probably  with  a  varjnng  proportion  of  other  gases.  During 
great  eruptions  it  is  not  improbably  mixed  with  the  vapor  of  the  more  highly 
volatile  of  the  petroleum  hydrocarbons,  as  well  as,  perhaps,  with  the  heavier 
hydrocarbons  blown  out  in  a  state  of  spray.  That  a  certain  amount  of  heat 
is  connected  with  such  eruptions  is  evidenced  by  the  hot  or  warm  condition 
of  the  mud, 3  but  the  unaltered  state  of  the  ejecta,  especially  such  substances 
as  lignite  and  pyrites  which  would  undergo  decomposition  if  strongly  heated, 
show  that  the  temperature  is  not  very  high.  It  is,  I  think,  imi)robable  that 
the  gas  issues  during  eruptions  at  a  sufficiently  high  temperature  to  ignite 
spontaneously.  The  cause  of  its  ignition  may,  perhajJS,  be  inferred  from  the 
phenomenon  frequently  observed  during  eruptions  of  fragmentiiry  ejecta  from 
volcanoes  in  the  usual  sense  of  the  term,  like  Vesuvius.  During  such  times 
“  forked  lightnings  of  great  vividness  and  beauty”  are  continually  darted  from  the 
ascending  column  of  stones,  scorise,  dust  and  more  or  less  condensed  vapor,  the 
electricity  being  developed  by  the  friction  of  the  ejecta  amongst  themselves.* 
The  j)rinciple  of  the  hydro-electric  machine  is  very  similar,  in  which  large  quan¬ 
tities  of  electricity  of  high  intensity  are  produced  by  the  issue  of  partially  con¬ 
densed  steam  through  small  orifices  of  such  form  as  to  create  considerable  friction. 
From  a  large  machine  of  this  kind  a  battery  has  been  charged  in  half  a  minute 
which  gave  sparks  22  inches  long.5  In  the  case  of  the  mud  volcanoes,  when 

‘  Journ.  As.  Soc.,  Bengal,  II,  597.  =  Joiirn.  As.  Soc.,  Bengiil,  IV,  23. 

^  P'  19®-  ‘  Scrope’s  volcanoes,  pj).  22,  57. 

Watts’  Dictionary  of  Chemistry,  II,  408. 
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quantities  of  stones,  and  of  mud,  doubtless  reduced  to  spray  by  the  violence 
of  the  action,  are  being  shot  into  the  air,  the  friction  of  the  ejecta  amongst 
themselves,  must  necessarily  produce  large  quantities  of  electricity,  and  it  is, 
I  believe,  to  the  sparks,  or  lightning  on  a  small  scale,  thus  produced,  that  the 
ignition  of  the  gas  is  due.  The  flames  at  the  surface  are  sufficient  to  account 
for  the  calcination  of  the  fragments  of  shale  mentioned  above. 

It  will  be  observed  that  the  fire  of  the  mud  volcanoes  differs  from  that  so 
often  popularly  spoken  of  in  connection  with  lava-emitting  volcanoes,  in  that 
the  former  is  due  to  real  flames,  the  latter  being  the  reflection  of  the  light  from 
glowing  lava  by  masses  of  condensed  vapor,  or  of  dust  and  scorire,  or,  in  other 
cases,  the  light  from  Jets  of  incandescent  lava-drops. 

In  the  mound  south  of  Kyauk-gale  we  have  an  instance  of  a  mud  volcano  in 


Extinct  mnd  volcanoes.  dormant 

condition.  Instead  of  the  u.sual  heap  of  bare  stony- 
looking  debris,  the  mound  is  clayey  at  the  surface  and  covered  thinly  with  grass, 
■with  a  few  scattered  ca-suarinas  around.  When  I  saw  it  there  "oms  one  small  mud 
cone  at  the  centre  from  which  bubbles  of  gas  were  being  given  off,  but  the  amount 
of  mud  recently  ejected, — i.  e.,  covering,  instead  of  covered  by,  grass, — did  not 
exceed  a  few  cubic  feet.  The  mound,  about  100  yards  in  diameter  and  perhaps 
15  feet  high,  is  situated  on  a  raised  beach,  whose  present  elevation  of  about  20 
feet  above  the  sea  only  dates  back  to  the  middle  of  the  I6th  or  1 7th  century 
Previous  to  that  time  there  may  of  course  have  been  submarine  eruptions,  but  if 
so,  the  loose  ejecta  must  have  been  canned  away  by  the  sea.  The  present  mound 
can  never  have  been  exposed  to  the  surf,  and  as  it  is  now  very  nearly  extinct, 
the  maximum  length  of  its  pjeriod  of  subabrial  activity  can  be  inferred. 

The  third  of  the  Kyauk  Phyu  volcanoes,  counting  from  the  sea,  is  in  a  still 
more  advanced  stage.  It  is  a  cone  of  low  gradient,  ■with  a  depression  a  few  yards 
m  diameter  at  the  summit,  containing  a  pool  of  water  bordered  by  I’ushes — 
a  miniature  crater  lake.  The  cone  is  thinly  overgrown  with  gi-ass,  and  casuarinas 
are  dotted  over  it  accompanied  by  other  trees.  After  eruptions  have  ceased,  the 
salt  is  gradually  washed  out  of  the  debris  by  rain ;  slowly  probably  on  account 
of  the  impervious  character  of  the  mud.  The  cone  thus  by  degree.s  becomes 
less  fit  for  the  gro^wth  of  casuarinas,  and  more  suited  to  that  of  ordinary  Jungle, 
which  ultimately  doubtless  usurps  the  place  of  the  former  trees  completely. 

I  have  already  alluded  to  the  position  of  the  Arrakan  salses  at  or  near  the 

^..  .  „  ,  ,  end  of  the  great  Sunda  group  of  volcanic  vents. 

Ungin  01  the  mud  volcanoes.  .vt  i  t  1  i  t-i 

The  next  to  them  are  iNarkondam  and  nari-en  Island, 

both  of  which  are  volcanoes  in  the  ordinary  sen.se  of  the  term. 

There  is  of  course  a  wide  gulf  between  the  two  classes  of  volcanic  phenomena. 
Indeed  some  authorities,  like  Dr.  Daubeny  and  Mr.  Scrope,  do  not  regard  salses 
as  truly  volcanic  at  all,  grouping  them  as  pseudo-volcanic  phenomena. 

For  the  production  of  any  volcanic  cone  tlu’ee  main  conditions  are  necessary  ; 
1st,  the  reduction  of  rock  at  a  greater  or  less  depth  beneath  the  surface  to  a 
mobile  condition ;  2nd,  a  practicable  vent  by  which  such  rock  can  be  forced  to 
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the  siirface ;  and  3rd,  the  presence  of  a  power  competent  to  force  it  up  to  the 
mouth  of  the  Tent  and  leave  it  there  to  reconsolidate.  In  the  case  of  ‘true’ 
volcanoes  the  mohility  is  in  the  main  gained  hy  the  reduction  of  rock  to  a  state 
of  fusion,  the  heat  involved  in  the  process  being  due,  as  has  been  shown  by 
Mr.  R.  Mallet,  to  local  crushing  of  the  earth’.s  crust,  caused  hy  the  secular  refri¬ 
geration  of  the  globe,  the  interior  cooling,  and  consequently  contracting,  faster 
than  the  exterior,  which  is  thus-  subjected  to  tangential  thrusts.  The  force  hy 
which  the  lava  is  ejected  is  the  pressure  of  steam  raised  to  a  high  temperature 
hy  heat  derived  from  the  same  source  as  that  which  fuses  the  rock.^ 

In  the  case  of  salses  the  mobility  is  produced  hy  reduction  of  rock  to  a 
state  of  mud,  either  by  partly  chemical,  or  by  purely  mechanical  means.* *  The 
ejecting  force  is  sometimes  the  pressure  of  steam ;  in  other  cases,  including  the 
Arrakan  salses,  it  is,  mainly  at  least,  that  of  gaseous  hydrocarbons. 

Amongst  the  most  prominent  examples  of  steam  mud  volcanoes  are  those  in 
New  Zealand,  described  by  Dr.  Hochstetter,  where  are  craters  filled  with  boiling 
mud  from  which  steam  escapes  explosively  at  intervals,  accompanied  by  sulphuric 
acid  and  other  gases,  to  whose  action  on  the  lavas  underground  Dr.  Hochstetter 
attributes  the  origin  of  the  mud.^  Of  a  similar  character  are  the  boiling  mud 
volcanoes  of  Iceland,  which  have  been  described  by  Professor  Paijjull,  Captain 
C.  S.  Forbes,  and  others.  Such  also  are  the  mud  volcanoes  of  the  Colorado 
desert.  From  some  of  these  “the  steam  rashes  in  a  continuous  stream,  with  a 
roaring  or  whizzing  sound,  as  the  orifices  vary  in  diameter  or  the  jets  differ  in 
velocity.  In  others  the  action  is  intermittent,  and  each  recurring  rush  of  steam 
is  accompanied  by  a  discharge  of  a  shower  of  hot  mud,  masses  of  which  are 
thrown  sometimes  to  the  height  of  a  hundred  feet.”* 

In  all  the  above  cases  the  mud  cones  are  in  the  closest  relationship  with 
existing,  or  but  recently  extinct,  phenomena  of  volcanic  fusion ;  the  mud  is  pro¬ 
duced  by  chemical  action  of  acid  gases  on  volcanic  rocks,  and  the  steam  is 
generated  by  the  heat  which  originally  fused  these,  or  by  heat  which  has  been 
produced  in  the  same  way.  The  heat  required,  however,  is  of  a  much  lower 
degree  of  intensity,  and  hence  such  steam  mud  volcanoes  may  long  outHve  the 
immeasurably  grander  phenomena  of  the  lava-emitting  period.  It  is  of  course 
necessary  that  the  springs  should  be  boiling,  steam  at  considerable  pressure,  but 
whose  force  is  dissipated  at  the  vent,  being  the  power  involved.  A  spring  of 
water  merely,  whether  hot  or  cold,  bearing  a  certain  proportion  of  mud  to  the 
surface,  would  be  equally  capable  of  carrying  it  away  from  the  mouth  of  the 
vent,  so  that  although  a  deposit  might  be  formed,  it  could  not  be  in  the  form  of 
a  crater-bearing  cone. 

The  volcanoes  of  Ramii  belong  to  a  different  class.  There  the  mud  is  not 
produced  by  chemical  means,  but  by  mere  mixture  of  shale  and  clay  with  water. 
The  ejecting  force  is  evidently  the  pressure  of  gas,  which  is  in  large  part,  at  least. 


'  Phil.  Trans.,  1873. 

5  In  botli  fusion  and  mud  volcanoes  mobility  is  conferred  on  a  certain  proportion  of  rock  by 
mere  breaking  up  sufficiently  small  to  admit  of  ejection  along  with  the  fluid  materials. 

®  ‘  New  Zealand,  ’  pp.  401,  432. 

*  SiUiman’s  Journal,  XXVI,  292, 
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light  earburetted  hydrogen,  mixed  perhaps  with  the  vapor  of  the  most  volatile 
liquid  petroleum  hydrocarbons d  Bubbles  of  this  gas  are  given  off  from  the  mud 
cones  in  their  ordinary  state,  as  well  as  from  most  of  the  petroleum  wells. 
There  are  two  of  the  latter  at  Letaung,  about  25  and  40  feet  deep,  from  which 
the  issue  of  gas  is  so  considerable  that  it  can  be  heard  bubbling  up  when  standing 
some  yards  away  from  the  mouth.  I  roughly  guessed  the  amount  at  a  cubic  foot 
every  few  seconds,  and  the  villagers  say  that  the  well  has  been  in  its  present  state, 
without  diminution  of  either  oil  or  gas,  for  many  years.  Here  the  g’as  is  being 
continuously  and  quietly  evolved.  The  quantities  that  (having  probably  gradually 
accumulated  in  fissures  during  long  periods)  are  suddenly  liberated  during  violent 
eruptions  of  the  volcanoes,  may  be  inferred  from  the  foregoing  records. 

Eecollecting  the  great  tension  at  which  quantities  of  gas  are  often  stored 
up  in  coal  mines,  and  the  force  with  which  it  escapes  from  the  ‘  blowers  ’ 
there,  as  well  as  from  many  bore-holes  in  the  oil  regions  of  America  and  else¬ 
where,  it  is  not  difficult  to  conceive  that  in  some  cases  gas  mud  volcanoes  may 
be  caused,  where  the  other  necessary  conditions  are  present,  by  the  pressure  of 
gas  due  merely  to  its  continued  slow  generation  from  carbonaceous  matter  at  the 
normal  temperature  of  the  strata  at  moderate  depths.  But  given  certain  coal¬ 
er  lignite-bearing  rocks,  producing  oil  and  gas ;  if  they  are  situated  on  a  lino 
of  volcanic  heat  (although  of  low  intensity,  insufficient  to  fuse,  or  materially 
alter,  the  rocks  accompany  such  carbonaceous  matter),  the  tension  of  the  gas 
and  vapor  may,  doubtless,  be  greatly  increased  by  the  larger  proportion  of  gas, 
compared  to  that  of  oil,  produced  at  the  higher  temperature,  and  by  the  increased 
tension  due  to  a  higher  temperature,  where  gas  is  stored  up  in  a  fissure  of  given 
capacily.  In  this  connection  the  difference  between  the  petroleum  of  the 
In-awadi  valley  and  of  Ramri  may  bo  noticed.  The  mud  volcanoes  of  the 
former  region  have  been  described  by  Dr.  Oldham  as  very  sluggish,  and  as  never 
exhibiting  the  fiery  paroxysms  to  which  those  in  Ramri  are  subject.  At  the  same 
time  the  oil  is  dark  colored,  is  as  thick  as  treacle,  or  even  solid,  at  60°  F.,  being 
indeed  often  spoken  of  as  ‘Rangoon  tar,’  and  contains  paraffine  to  the  extent 
sometimes  of  more  than  10  per  cent.  The  Ramri  oils  are  associated  with  much 
gas,  and  are  themselves  sometimes  as  transparent  and  light  colored  as  brandy. 
They  have  a  lower  specific  gravity  than  the  above,  and  at  60°  are  perfectly 
mobile.  Without  venturing  to  assert  that  the  above  differences  are  due  to  a 
difference  in  the  temperature  at  which  the  oils  have  been  produced,*^  it  may 
be  noticed  that  at  Baku  on  the  Caspian,  where  there  are  mud  volcanoes 

*  Whether  the  temperature  of  the  emitted  gases  from  the  Ramri  salses  is  ever  sufficiently 
high  to  allow  of  steam  playing  any  important  part  is  a  question  as  yet  undetermined.  Amongst 
other  mud  volcanoes  which  are  intimately  connected  with  petroleum  may  he  mentioned  those  of 
Java;  those  near  the  eastern  shore  of  the  Caspian;  at  Baku;  .and  near  the  entrance  to  the  sea  of 
Azov ;  those  near  Girgenti  in  Sicily ;  and  along  the  northern  flanks  of  the  Apennines  hy  Modena 
and  Parma,  and  those  in  the  Island  of  Trinidad. 

“  The  occurrence  of  fragments  of  unaltered  lignite  amongst  the  ejecta  from  tlie  Ramri 
volcanoes,  although  one  amongst  many  indications  that  the  subterranean  temperature  is  far 
below  that  beneath  fusion  volcanoes,  does  not  necessarily  prove  that  the  temperature  may  not 
he  considerably  above  the  normal  one  for  the  depth,  as  such  fragments  may  have  been  torn  from 
the  upper  part  of  the  vent. 
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subject  to  fiery  eruptions,  similar  to  those  of  Kamri,  the  oil  is  in  pai’t 
of  the  same  pale  transparent  kind,  and  is  accompanied  by  immense  quantities  of 
gas.  Abich  found  the  temperature  of  the  soil  there  to  be  69°  F.,  of  the 
naphtha  62-6°  to  66°,  and  of  the  gas-springs  68-5°,  and  Bischof  considered  that 
“  the  low  temperatures  above  given  of  the  exhalations  of  Abscheron,  where 
volcanic  action  in  the  depths  might  be  conjectured,  exclude  the  notion  that  heat 
has  any  share  in  their  formation.^  ”  Bichwald,  however,  arrived  at  a  different 
conclusion.  “Near  to  Baku,”  he  wrote,  “about  one-fourth  werst  from  the 
perpetual  fire,  a  heat  rises  out  of  a  fissure  of  the  shell-limestone,  which  is  so 
strong  that  the  hand  can  scarcely  bear  it :  hence,  from  all  these  circumstances, 
we  can  scarcely  doubt  of  the  existence  of  a  subterranean  heating  process  in 
the  peninsula  of  Abscheron.”^  Sir  R.  Murchison,  also,  has  expressed  the  opinion 
that  the  mud  volcanoes  of  the  Caucasus  “  have  a  deep  seat,  and  are  as  directly 
connected  with  internal  igneous  agency  as  any  other  geological  phenomena  of 
eruption.^  ” 

The  evidence  is  clear  as  to  the  intimate  connection  of  the  Ramri  salses  with 
Connection  between  paroxys-  seismic  phenomena  at  least.  Out  of  the  few  eruptions 
mal  eruptions  aud  earthquakes.  of  which  accounts  have  been  printed,  three  certainly, 
and  probably  four,  were  synchronous  with  earthquakes.  During  the  prin¬ 
cipal  shock  of  the  violent  earthquake  on  the  26th  August  1833,  it  is  stated 
by  Dr.  McClelland  that  flames  issued  to  a  height  of  several  hundred  feet  from 
one  of  the  Kyouk  Phyu  salses.  A  similar  occun-ence  took  place  during  the 
earthquake  of  the  23rd  March  1839.  The  submarine  outburst  near  False  Island 
of  the  26th  July  1843  was  immediately  preceded  by  a  like  disturbance.  Further, 
during  the  great  earthquake  of  2nd  April  1762,  two  volcanoes  are  said  to  have 
opened  in  the  Chittagong  District.  If  these  really  were  volcanoes,  and  there  seems 
no  reason  to  question  it,  they  were  doubtless  of  the  same  class  as  those  in 
Ramri.  The  connection  in  some  cases  may  lie  in  the  shock  sufficiently  loosening 
the  superincumbent  rock  to  allow  the  pent-up  gas  to  force  a  passage :  in  others, 
it  may  pei’haps  be  due  to  a  diminution  in  the  size  of  the  fissure,  either  moment¬ 
arily  during  the  passage  of  the  wave,  or  permanently  from  a  partial  falling  in 
of  the  sides.  In  either  case  a  sufficiently  increased  tension  of  gas  might  be 
produced  to  bring  on  an  eruption.  It  is  noticeable  that  during  the  earthquake 
in  the  last  century,  when  the  islands  were  elevated  several  feet,  no  eruptions 
are  recorded,  and  it  is  specially  mentioned  that  none  took  place  in  Cheduba.  In 
the  Chittagong  District,  during  what  was  probably  the  same  earthquake,  the 
ground  was  dejiressed,  and  two  new  volcanoes  are  said  to  have  broken  forth. 

Besides  the  mud  volcanoes  in  the  various  localities  along  the  flanks  of  the 

Arrakan  Range,  mentioned  at  page  193,  the  only 
Mud  volcanoes  elsewhere  in  i 

India.  piienomerion  ot  the  kmd  in  Lastern  India  that  I  am 

aware  of  occurs  in  Upper  Assam.  It  is  thus  described 
by  Captain  Hannay  : — At  Namtchuk  Pathar,  near  the  mouth  of  the  river,  the 
petroleum  exudes  from  the  banks,  and  a  bed  of  very  fine  coking  coal  runs  across 
the  bed  of  the  Namtchuk.  The  hills  here  are  also  intersected  by  ravines,  and  in 


'  Chemical  Geology,  I,  252,  257.  2  Edin.  New  Phil,  Journal,  XIV,  132. 

^  Russia  and  tlie  Ural  M<mntains,  p.  57(3. 
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pne  spot  an  extensive  basin  or  hollow  is  formed  at  some  height,  which  contains 
muddy  pools  in  a  constant  state  of  activity,  throwing  out,  with  more  or  less 
force,  white  mud  mixed  with  petroleum.  This  is  indeed  a  strange  looking  place, 
and  I  am  told  by  the  Singphos  that  at  times  there  is  an  internal  noise  as  of 
distant  thunder,  when  it  bursts  foi-th  suddenly,  with  a  loud  report,  and  then  for 
a  time  subsides. ^  ” 

On  the  borders  of  Western  India,  in  the  Beluchistani  District  of  Lus 
(north-west  of  Karachi),  numerous  mud  volcanoes  are  scattered  over  a  lai-ge  area. 
They  have  been  described  by  Captain  Hart,®  and  subsequently  by  Captain  Robertson^. 
A  copy  of  one  of  the  latter  officer’s  sketches  may  be  found  in  Lyell’s  Principles 
of  Geology.  Although  some  of  the  cones  there  would  appear  to  be  on  a  larger 
scale  than  those  in  the  Ramri  group  of  -islands,  no  mention  is  made  of  violent 
eruptions,  either  with  or  without  flames,''  nor  of  ejected  stones.  In  one  case, 
indeed.  Captain  Hart  specially  mentions  that  the  entire  cone  is  of  mud,  without 
stones.  If  eruptions  at  all  resembling  those  of  the  Ramri  salses  had  taken  place 
within  the  memory  of  the  then  existing  generation,  the  above  observers  coxild 
scarcely  have  failed  to  hear  of  them.  It  would  seem  as  if  the  cones  have  been 
raised  by  emissions  of  mud,  insignificant  individually,  but  continued  during  lengthy 
periods,  or  else  that  the  period  of  violent  eruptions  is  over,  and  that  the  stony 
ejecta  have  been  covered  by  the  later  more  tranquil  emissions  of  mud  alone. 


On  the  mineral  resources  op  Ramri,  Cheduba,  and  the  adjacent  Islands, 
by  P.  R.  Mallet,  F.G.S.,  Geoloijical  Survey  of  India. 

In  1877  the  existence  of  coal  in  the  southern  part  of  Ramri  was  brought 
^  to  the  notice  of  Colonel  Sladen,  Commissioner  of 

Arrakan,  by  Mr.  W.  Savage,  who  had  examined  the 
coal-bearing  locality,  and  who  forwarded  a  short  memorandum  on  the  subject. 
In  this  he  described  the  excavations  he  had  made  at  Tsotama,  and  pointed  out  the 
favourable  position  of  the  coal  with  regard  to  water  carriage.  The  Hon  creek, 
Mr.  Savage  remarked,  is  navigable  for  boats  of  6  or  8  tons  to  within  a  quarter 
of  a  mile  of  the  coal,  while  the  mouth  of  the  same  creek  is  open  to  vessels  of 
500  tons.  Specimens  of  the  coal,  sent  to  the  Geological  Museum,  proved  on 
assay  to  be  of  passable  composition.  Subsequently  I  was  directed  to  visit  the 
islands  and  examine  this  locality,  as  well  as  any  others  in  which  indications  of 
coal  had  been  observed. 

Previously  to  my  visit,  Mr.  Duke,  the  Deputy  Commissioner,  had  issued 
instructions  to  the  Tehsildars  to  send  information,  accompanied  by  specimens,  of 
any  coal-like  substances  known  to  occur  in  their  respective  townships.  Altogether 


'  Journ.  As.  Soc.,  Bengal,  XIV,  819.  ^  Trans.  Bombay  Geograpb.  Soc.,  II,  87. 

^  Journal  Bombay  As.  Soc.,  Ill,  8  (January  1850). 

I  Captain  Robertson  mentions  that  a  lighted  stick  held  ovor  an  aperture  from  which  bubbles 
of  gas  were  escaping  produced  no  effect.  It  would  bo  somewhat  rash,  however,  on  the  strength 
of  this  solitary  and  somewhat  rough  experiment,  to  assume  that  the  gas  generally  is  non- 
inllammable. 
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specimens  were  received  from  eight  different  places,  all  of  which  I  went  to. 
The  coal  at  five  of  them,  however  {viz.,  Pharnngjnan  Island,  about  10  miles 
north-east  of  Kyauk  Phyu,  Then  Chaung,  Kangautau,  Thitpoktaung  and  Sengu), 
turned  out  to  consist  merely  of  lenticular  nests  of  lignite,  or  of  stems,  partly 
carbonized  and  partly  silicified,  such  as  have  been  described  in  the  foregoing  paper 
(p.  191).  As  soni'ces  of  fuel  they  are  of  course  perfectly  useless,  and  do  not  need 
any  further  remark.  The  coal  at  Tsetama,  and  near  Pallang  Eoa  in  Cheduba  was 
found  to  occur  in  true  beds.  As  I  have  already  briefly  sketched  the  geological 
character  of  the  Ramri  strata,  I  may  here  proceed  at  once  to  describe  the 
coal  itself. 

The  locality  where  the  best  seams,  hitherto  found,  outcrop  is  rather  less  than 
West  of  Tsetami  ^  west-10°-north  of  Tsetama  village.  In  the 

bed  of  a  small  nulla,  at  a  spot  some  30  feet  above  the 
foot  of  a  range  of  hills,  which  are  a  few  hundred  feet  high,  and  composed  of 
sandstone  and  shale,  the  following  section  (given  in  descending  order),  was 
exposed  by  digging : — 


Ft. 

3 

6 

1 


In. 

0 

0 

6 


Gray  shale,  seen  ..... 

Coal,  with  two  or  three  thin  partings  of  carbonaceous  shale 
Brown  shale,  seen  ..... 

Dip  8outh-20°-west,  at  about  50.“ 

Fifteen  yards  lower  down  the  nulla  there  is  another  outcrop,  of  which  the 
section  is  as  follows  : — 

Ft. 

Shaly  sandstone,  seen  ,  .  .  .3 


Shaly  coal 
Carbonaceous  shale 
Coal 

Carbonaceous  shale 
Coal 

Gray  shale,  seen 

Coal  in  seam 
Carbonaceous  shale 


0 

0 

0 

0 

1 

2 


In. 

0 

8 

1 

4 

3 

1 

0 


Thickness  of  scam  . 

Dip  west,  at  50°. 

The  coal  in  both  seams  is  somewhat  shaly  looking  as  a  whole,  although  some 
layers  are  much  better  than  others.  It  is  strongly  laminated  ;  and  this,  combined 
with  jointing,  causes  most  of  it  to  break  up  small.  The  greater  portion  cannot 
be  extracted  in  lumps.  Some  improvement  in  this  respect  might,  however,  be 
hoped  for  at  a  greater  depth,  with  respect  to  freshly  raised  coal,  but  such  coal 
would  probably  not  admit  of  storage  for  any  length  of  time  without  deterioration. 
The  above  outcrops  remind  one  much  of  those  of  the  inferior  coal  scams  in 
Upper  Assam,  which  there  is  some  reason  to  believe  are  of  the  same  age.  I 
have  shown  in  another  reporU  that  some  of  the  coal  there  when  freshly  raised 
from  a  moderate  depth  is  hard  and  firm,  but  falls  to  pieces  after  being  exposed 
for  a  time.  The  specimens  sent  by  Mr.  Savage  underwent  a  similar  deterioration 


>  Mem.  G.  S.  I,,  XU,  346, 
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within  two  or  three  months,  due  mainly  to  the  production  of  minute  crystals 
of  copperas  from  oxidation  of  the  pyrites  in  the  coal. 

Several  pits  were  sunk  by  Mr.  Duke’s  orders  on  the  hill  side  a  little  above 
the  nulla.  Coal  was  obtained  in  some  of  these  ;  it,  however,  probably  belongs  to 
the  same  seams.  The  strike  is  very  irregular. 

A  little  below  the  2'  h"  seam  there  is  one  of  very  fair  coal ;  but  it  is  only 
about  a  foot  thick. 

On  a  low  hill  north-east  of  Tsetama,  or  about  a  mile  and  a  half  east-north- 

,,  ,  „  „  ,  east  from  the  last  locality,  the  following:  section 

North-east  of  Tsetama.  , 

was  exposed : — 


Ft.  111. 


Brownish  shale,  seen  .  .  .  .20 

Carbonaceous  shale  .  .  .  .07 

Brownish  gray  shale  .  .  .  .01 

Carbonaceous  shale  with  some  coal  .  .  .07 

Grayish  shale,  seen  .  .  .  .16 

Dip  south-30'’-west,  at  80°. 


Pallang  Boa. 


Near  to  this  there  is  a  spot  whore  fragments  of  coal  are  strewn  about,  and 
from  which,  the  villagers  with  me  said.  Major  Williams  had  dug  some  coal 
about  30  years  ago.  His  excavation  is,  however,  now  filled  up,  and  after  several 
attempts  I  failed  to  unearth  the  outcrop. 

In  a  small  stream  descending  the  hill  north-east  of  Pallang  Roa,  in  the 
southern  pai-t  of  Cheduba,  three  spots  were  pointed 
out  to  me  about  30  yards  apart.  In  one  of  these 
was  a  bed  of  coal  2'  6"  thick,  with  brownish  gray  shale  above  and  below  it, 
dipping  east-20°-south  at  40°.  It  is  similar  in  appearance  to  the  brittle  coal  at 
Tsetama.  In  the  second  spot  there  was  merely  a  few  inches  of  carbonaceous 
shale,  and  in  the  third  two  or  three  feet  of  a  more  recent  sandstone  containing 
angular  fragments  of  coal  similar  to  that  in  the  2'  G"  seam. 

Discoveries  of  coal  have  also  been  reported  from  more  than  one  locality  else- 
South  of  Pa'^oda  Hill.  whore.  Thus  Captain  Halsted  in  1841  described 

a  seam  which  occurs  less  than  a  mile  from  the  beach 
to  the  south  of  Pagoda  Hill.  It  dipped  at  a  high  angle  and  was  three  and  a  half 
feet  thick,  but  appears  to  have  been  carbonaceous  sandstone  rather  than  coal. 
Captain  Halsted  “could  not  make  it  igi:ite,  it  only  smouldered.”' 

Coal  was  also  reported  from  near  Kyaiik  Phyu  in  1833,  and  some  excavations 
made  to  expose  the  outcrops.  One  seam  is  described 
as  being  nearly  vortical,  from  six  inches  to  a  foot 
in  thickness,  and  as  containing  much  j^yrites.  Coal  was  found  in  one  or  two' 
other  jdaces  also  in  small  quantity,  but  the  descriptions  given  lead  one  to  suspect 
that  it  was  nothing  more  than  carbonized  sterns.^ 

A  spot  was  poi nted  out  to  me  at  the  north-west  corner  of  Tongreh  Island 
(about  10  miles  north-cast  of  Kyauk  Phyu),  from  which  some  black  stuff  had 
It  had  been  dug  from  an  irrregular  bed,  three  to  six  feet  thick,  of 


Near  Kyauk  Phyu, 


been  brought. 


’  .roiirn.  As.  Soc.,  Bengal,  X,  444. 

2  Journ.  As.  Soc.,  Bengal,  11,  595;  X,  144. 
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carbonaceous  sandstone,  containing  perhaps  15  per  cent,  of  combustible  matter. 
As  fuel,  it  was  of  course  quite  useless. 

It  will  bo  seen,  then,  that  the  indications  at  Tsetama  are  much  more  promising 
Prospect  of  wording  Tsetama  than  those  anywhere  else,  and  it  remains  for  me  to 

give  my  opinion  as  to  the  prospect  of  successfully 

working  the  coal  there. 

I  have  already  pointed  out  that,  like  that  of  Upper  Assam,  it  may  be  divided 
into  hard  and  soft  coal.  The  former  is  unweathered  at  the  outcrop  and  can  be 
extracted  in  large  pieces.  But  only  one  bed,  a  foot  thick,  has  been  discovered  of 
this  kind.  The  soft  coal  is  broken  and  crumbly  at  the  surface,  but  may  improve 
at  some  depth.  Such  coal,  however,  would  not  be  likely  to  admit  of  storage  for 
any  length  of  time  'without  deterioration. 

The  following  assays  have  been  made  to  determine  the  composition  : — 


Seam. 

Fixed 

carbon. 

Volatile 
matter 
(exclusive 
of  water). 

Hygrosco¬ 
pic  water. 

Ash, 

Caking 

properties. 

Color  of  ash. 

Tsetama  (sent  by  Mr. 
Savage). 

43-5 

28-8 

8-4 

19-3 

Cakes  very 

slightly. 

Reddish  gray. 

6  feet  seam,  Tsetami 

38-4 

28-9 

14'6 

18T 

Does  not  cake. 

Lisrht  ffrav. 

1  foot  seam,  Tsetama 

48-6 

331 

10-8 

7-5 

Cakes. 

Red. 

North-east  of  Pallaiig  Roa 

361 

28-7 

16-2 

190 

Does  not  cake. 

Pale  red. 

The  average  composition  of  Raniganj  coal,  deduced  from  the  assay  of  31 
samples,  and  of  coal  from  the  Sanktoria  seam,  which  may  be  taken  as  a  fair 
example  of  the  best  class  of  Raniganj  coal,  such  as  is  supplied  to  sea-going 
steamers,  is  as  follows^ : — 


• 

Fixed  carbon. 

Volatile  matter 
(exclusive  of  water.) 

Hygroscopic 

water. 

Ash. 

Average 

53-20 

25-83 

4-80 

1617 

Sanktoria 

. 

61 '40 

23-20 

2-20 

13-20 

It  will  thus  be  seen  that  the  Ramri  coal  is  decidedly  inferior  to  the  Raniganj, 
and  experience  of  nummuli'tic  coal  elsewhere  shows  that  no  marked  improvement 
in  composition  can  be  hoped  for  at  a  greater  depth  from  the  surface. 

The  quantity  of  coal  to  be  expected  depends  mainly  on  the  thickness  of  the 
seams,  their  continuity  and  number.  There  is  at  least  one  known  of  sufficient 
thickness  for  convenient  mining.  With  regard  to  their  continuity,  it  would  be 
hazardous  to  express  any  definite  opinion.  No  natural  sections  are  available  by 
which  any  of  the  seams  can  bo  traced  along  the  strike,  and  the  attemjjt  to  do  so 
by  excavation  would  be  a  work  involving  a  far  greater  expenditure  of  time  and 
money  than  my  instructions  would  have  warranted.  Disappointment  has  before 
now  been  experienced  in  Pegu  in  attempting  to  work  similar  coal,  which  on  the 
original  outcrop  seemed  to  hold  out  good  prospects  of  success,  but  which  was 

‘  Eoc.  a.  S.  I.,  vol.  X,  156. 
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fotincl  on  trial  to  die  out  rapidlyd  On  the  other  hand,  the  seams  of  nummu- 
litic  coal  in  Upper  Assam  have  been  traced  in  several  cases  for  long  distances. 
As  for  the  nirmher  of  the  Ramri  seams,  there  is  of  course  a  possibility  of  other 
beds  being  discovered,  better  perhaps  than  any  at  present  known,  hut  the  natives 
of  the  locality,  intimately  acquainted  with  their  jungles,  say  they  possess  no  know¬ 
ledge  of  any  others  than  those  described  above.  To  search  for  outcrops  at  ran¬ 
dom  in  a  country  whore  the  rocks  are  so  obscurely  seen,  and  without  a  map,®“  would 
he  mere  waste  of  time.  But  I  think  it  may  he  predicted  with  some  confidence  that 
coal  will  not  he  found  in  anything  like  abundance.  Where  rocks  are  tilted  up  on 
edge,  like  those  in  question,  any  seams  included  in  them  must  necessarily  he  cut 
through  hy  streams  ranning  across  the  strike,  and,  in  such  cases,  if  the  coal  exists 
in  any  quantity,  ample  indications  of  its  presence  are  generally  afforded  by  the 
fragments,  and  often  large  lumps,  washed  down.  But  nothing  of  the  kind  is  to 
he  found  amongst  the  shingle  of  the  main  streams  near  Tsetama,  which  drain 
many  square  miles  of  country. 

With  reference  to  the  extraction  of  the  coal,  the  high  inclinations  of  the  seams 
would  preclude  quan’ying  on  any  hut  the  most  insignificant  scale.  The  coal 
could  only  he  raised  in  any  quantity  by  mining,  and  mining  in  seams  with  such 
high  and  irregular  dips  would  not  he  of  the  simplest  kind. 

Altogether,  then,  the  prospect  of  successfully  working  the  coal  is  not  promising. 
Assuming,  even,  that  the  quantity  is  sufificient,  the  diflBculty  of  mining  it  would 
necessitate  a  skilled  European  manager  on  a  good  salarjq  and  to  cover  that 
expense  a  considerable  quantity  of  coal  must  he  raised.  But  the  local  demand  is 
trifling,  and  beyond  the  sea,  the  mediocre  quality  of  the  coal  and  the  expense 
of  mining  it,  would,  I  am  of  opinion,  prohibit  its  competing  on  even  terms  wuth 
the  easily-mined  and  superior  coal  from  Raniganj.  Sea-going  steamers,  with 
Bengal  and  English  coal  at  command,  would  certainly  not  take  such  coal  as  that 
which  has  hitherto  been  found  in  Ramri,  and  I  do  not  think  it  could  be  raised 
at  such  a  price  as  to  find  a  market  even  for  local  purposes  at  Akyab. 


In  the  preceding  paper  I  have  alluded  to  the  connection  between  the  mud 
volcanoes  and  petroleum,  and  to  the  difference  be- 
Petroleum.  tween  the  oils  of  Ramri  and  those  of  the  Irrawadi 

valley.  In  as  far  as  one  can  form  any  definite  idea  from  mere  description,  the 
oil-bearing  rocks  in  both  regions  would  appear  to  bear  considerable  resemblance 
to  each  other,'*  and  it  has  been  stated  by  Mr.  W.  Theobald  that  they  are  cer¬ 
tainly  of  the  same  geological  age.^  I  think  it  can  scarcely  be  doubted  that  the 
lignitiferous  beds  of  Ramri  and  Cheduba  are  the  true  oil-producing  as  well  as 
oil-bearing  rocks. 

In  the  Bardnga  Islands,  however,  although  the  oil  is  of  the  same  character  as 
that  from  Ramri,  a  marked  difference  is  apparent  in  the  rocks  from  which  it 
issues.  These  are  shales  and  sandstones  of  very  constant  character,  without 

1  Selections  from  the  Kecords  of  the  Government  of  India  (Home  Department),  No.  X,  p.  99. 

^  The  revenue  map  does  not  even  profess  to  mark  the  hills  or  strCiUns. 

^  Mission  to  the  CJourt  of  Ava,  p.  312. 

<  Mem.  G.  8,  I„  X,  1G3. 
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the  irregulai’  calcareous  nodules  and  nodular  masses  which  are  so  generally 
characteristic  of  the  beds  in  Ramri.  I  have  never  observed  any  appearance  of 
either  calcareous  or  carbonaceous  matter  amongst  them.  The  shales  are  gray, 
brittle,  sometimes  slightly  unctuous,  often  more  or  less  arenaceous  ;  they  are  fre¬ 
quently  somewhat  clunchy.  The  sandstone  is  generally  gray  or  greenish-gray  and 
tolerably  fine  gi’ained,  and  is  interbanded  with  the  shale.  The  strike  of  the  rocks 
is  extremely  regular,  often  running  in  a  straight  line  for  miles,  and  indeed  vary¬ 
ing  little  from  end  to  end  of  the  islands.  The  strata  are  thrown  up  at  high  in¬ 
clinations,  generally  dipping  at  angles  between  60  and  90  degrees.  I  am  inclined 
to  believe  that  the  calcareous  and  lignitiferous  rocks  are  rolled  uji  with  the  above, 
and  that  it  is  from  the  former  that  the  oil  is  originally  derived  in  the  Barangas 
as  well  as  in  Ramri.  It  is  true  that  they  do  not  appear  in  any  part  of  the 
Barangas  that  I  have  visited,  but  my  acquaintance  with  the  islands  is  very 
limited,!  and  it  is  not  impossible  that,  owing  to  less  capability  of  withstanding 
denudation,  they  occupy  the  submarine  areas  between  the  islands.  The  similar¬ 
ity  of  the  rocks  in  the  three  Barangas,  and  the  observed  dips,  lend  some  little 
support  to  the  idea  that  the  Phadu  and  Chengdamma  channels  may  mai'k  the 
position  of  anticlinal  bends  with  a-  synclinal  between  in  the  position  of  the  middle 
island. 

The  digging  of  oil  wells  appears  to  have  been  carried  on  by  the  inhabitants 
of  Ramri  and  Cheduba  for  a  long  time  past,  and  at  the  present  time  such  wells 
are  worked  in  numerous  localities.  None  of  them,  however,  have  been  sunk  to 
any  great  depth,  and  the  scale  on  which  the  industry  is  conducted  is  compara¬ 
tively  trifling.  It  does  not  appear  to  be  in  the  hands  of  any  special  class.  About 
the  end  of  December,  or  early  in  January,  when  the  rice  crop  has  been  harvested, 
and  the  villagers  have  -spare  time  on  their  hands,  some  of  them  take  to  well-dig¬ 
ging  as  a  means  of  adding  to  their  income.  The  oil  season  lasts  from  that  time 
till  the  rains,  when  the  wells,  which  are  most  frequently  sunk  in,  or  close  to,  the 
bed  of  some  nulla,  get  tilled  with  water,  and  are  often  choked  up  entirely  by 
debris  washed  into  them. 

The  wells  are  of  two  classes — those  which  appear  to  be  in  communication 
with  a  natural  reservoir,  from  which  the  oil,  generally  accompanied  by  large 
quantities  of  gas,  rises  with  considerable  rapidity,  and  those  sunk  in  rock  more 
or  less  soaked  with  petroleum  from  which  the  oil  slowly  exfiltrates  into  the  well. 
The  latter  case  imitates  on  a  small  scale  the  process  which  has  been  going  on 
for  ages  on  a  large  one  in  the  case  of  the  natural  subterranean  fissures. 

To  the  former  class  would  appear  to  belong  the  wells  at  Letaung  near  the 
western  coast  of  Ramri.  One  of  these  is  about  25  feet  deep  and  4  feet  square. 
It  is  lined  with  wood  throughout,  so  that  the  rock  cannot  be  seen.  At  the 
bottom  is  water  covered  by  a  stratum  of  oil,  through  which  a  rather  large 
quantity  of  gas  bubbles  up,  chiefly  from  one  corner  of  the  well.  The  oil  is 
drawn  morning  and  evening,  and  the  yield  is  said  to  be  15  bottles  each  time : 
much  reliance,  however,  c.annot  be  placed  on  figures  supplied  by  the  owners  or 
lessees  of  the  wells.  Another  well  of  the  same  kind,  about  200  yards  nortli- 

*  It  is  said  that  lignite  has  been  found  on  the  Eastern  Baranga,  but  the  exact  locality  is 
unknown. 
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west  of  the  above,  is  about  40  feet  deep,  with  water  and  oil  at  the  bottom,  which 
seems  to  boil  gently  from  the  issue  of  gas.  The  yield  is  said  to  be  about 
25  bottles  twice  a  day.  I  was  told  that  these  wells  have  been  in  existence  since 
the  time  of  the  Burmese  domination,  and  that  the  yield  of  oil  has  not  diminished. 
I  am  unable  to  say  whether  this  statement  is  correct.  The  yield  of  oil,  however, 
is  only  a  few  gallons  a  day,  a  quantity  that  a  large  reservoir,  tapped  only  by  a 
small  duct  leading  to  the  bottom  of  the  well,  might  sujjply  for  a  veiy  long 
period.  The  locality  is  worth  notice.  Close  to  the  north-westerly  of  the  above 
wells  a  new  one  was  being  sunk,  in  which  the  rock  below  the  surface  soil  was  a 
gray  clay  with  a  tendency  of  a  peculiar  kind  of  irregular  ilakiness.  The  strike 
cannot  be  seen,  but  to  the  north-east  of  the  wells  there  is  a  ridge  (doubtless 
as  usual  parallel  to  the  strike  of  the  beds  composing  it)  running  north-west — > 
south-east,  or  parallel  to  the  direction  the  wells  bear  to  each  other.  It  is 
noticeable  that  the  clay  from  some  wells  that  were  being  sunk  last  December 
at  the  village  of  Tsi  Chang  (near  Kyauk  Phyu)  was  of  a  character  similar  to  that 
at  the  Letaung  wells,  and  that  the  oil  was  of  a  similar  kind  also,  both  in  color 
(a  pale  yellow)  and  in  specific  gravity. 

The  not  unfi-equent  fiery  eruptions  from  one  or  other  of  the  mud  volcanoes 
occurring  in  a  line  near  Tsi  Chang  leave  but  little  room  for  doubt  that  there  is  a 
fissure  beneath  them,  in  which  large  quantities  of  gas  are  generally  stored  up, 
and  it  is  at  least  highly  probable  that  a  considerable  quantity  of  oil  is  associated 
with  the  gas.  A  lucky  boring  might  strike  a  spouting  reservoir  of  great  capacity, 
but  of  course  such  an  undertaking  would  be  of  a  speculative  kind.  There  are  no 
data  to  determine  at  what  depth  the  od  is  stored,  nor  what  the  inclination  of 
the  fissure  may  be,  whether  vertical  or  at  a  greater  or  less  angle.  A  boring 
therefore  sunk  actually  along  the  line  of  vents  might  miss  it  altogether.  A  few 
holes,  however,  sunk  in  a  line  at  right  angles  to  the  line  of  vents,  could  hardly 
fail  to  strike  it  if  sunk  sufficiently  deep.  The  experiment  would  certainly  be 
an  interesting  one  whether  rewarded  with  success  or  not. 

Gas  is  stored  beneath  the  other  active  volcanoes  also,  but  the  linear  arrange¬ 
ment  of  the  Kyauk  Phyu  vents  gives  a  better  clue  to  the  direction  of  the  fissure 
than  is  obtainable  elsewhere. 

The  wells  in  the  southern  pai-t  of  the  eastern  Baranga,  from  which  Mr.  Savage 
has  recently  obtained  such  encouraging  results,  are  evidently  of  the  class  now 
alluded  to.  They  are  sunk  in  giay  shale  which  splits  with  a  rather  smooth 
fracture  having  a  slightly  unctuous  feel.  The  bedding  is  very  nearly  vertical. 
It  appears  from  the  official  correspondence  on  the  subject  that  “  Mr.  Savage 
dug  two  wells  about  500  feet  apart,  and  then  commenced  boring.  On  the 
25th  February  he  struck  oil  in  one  well  at  a  depth  of  66  feet;  the  oil  at 
once  rose  in  the  well  ....  to  a  height  of  four  feet ;  it  kept  at  this  level  for 
about  seven  days,  and  in  that  time  yielded,  Mr.  Savage  thinks,  1,000  gallons 
a  day ;  since  then  the  oil  has  remained  in  the  bore-hole  a  few  feet  below  the 
bottom  of  the  well,  and  120  gallons  or  more  a  day  can  be  dipped  out  with  a 
dipper.  A  great  deal  of  the  oil  escaped  from  the  well  through  fissures.”  “The 
well  at  its  mouth  was  some  15  feet  in  diameter,  and  had  been  dng  with  those 
dimensions  of  a  depth  of  some  30  feet.  Here  boring  commenced,  and  had  been 
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carried  to  a  depth  of  36  feet  only,  when  the  workmen  were  surprised  and  terri¬ 
fied  by  a  sudden  oiithurst  of  gas  and  oil,  accompanied  by  loud  subterraneous 
sounds,  as  of  distant  thunder.  They  had  only  time  to  make  their  escape  up  the 
ladders  of  the  well  befoi-e  the  oil  and  gas  poured  in  in  quantities  that  would  other¬ 
wise  have  made  their  position  a  very  perilous  one.”  “  Pour  days  after  Mr.  Savage 
struck  oil  in  the  second  well  at  a  depth  of  68  feet  under  similar  circumstances, 
but  the  gas  appeared  stronger,  making  a  great  noise.  About  150  gallons  a 
day  can  be  dipped  out  of  this  well -  The  oil  is  clear  and  liquid ;  large  quan¬ 

tities  of  gas  continually  escape  not  only  in  these  wells,  but  in  all  other  wells  of 
small  depth  which  are  in  the  locality.” 

Of  the  second  class  of  wells  those  near  Minbain  are  amongst  the  most  im¬ 
portant.  There  are  several  scores  of  them,  about  a  mile  and  a  half  north  of  the 
village,  in  an  alluvial  plain  which  is  cut  up  by  numerous  nallas,  which  join  and 
eventually  drain  into  the  Phultanu  naddi.  The  wells  are  all  sunk  either  in  or 
close  to  the  beds  of  the  nallas,  such  being  of  course  the  lowest  ground  in  the 
locality.  They  occur  in  groups  of  a  dozen  or  twenty,  the  groups  not  being  very 
far  from  each  other  (say  one  or  two  hundred  yards),  and  the  wells  within  a  few 
feet  or  yards  of  each  other.  They  are  about  4  feet  diameter,  and  vary  in  depth 
from  6  or  6  to  10  or  12  feet,  and  are  all  sunk  in  a  rather  tough  grey  chinch, 
which  is  generally  covered  by  a  foot  or  two  of  surface  soil.  In  some  wells  the 
chinch  towards  the  lower  part  is  entirely  soaked  with  petroleum,  but  more 
frequently  the  oil  soaks  the  rock  in  patches,  which  have  a  darker  color  than  the 
rock  which  is  free  from  it.  Although  none  of  the  wells  are  in  communication 
with  anything  approaching  the  dignity  of  a  fissure,  there  are  evidently  divisional 
planes  and  minute  cracks  which  allow  the  oil  to  rise  more  freely  in  some  spots 
than  in  others.  At  the  bottom  of  the  wells  holes  about  8  inches  diameter  and  a 
foot  deep  are  dug  in  the  oleiferous  patches  of  rock,  in  which  the  oil  accumulates. 
It  is  collected  twice  a  day ;  according  to  the  sinkers,  a  good  well  will  some¬ 
times  yield  4  or  5  bottles  twice  during  the  first  day,  but  the  yield  rapidly 
diminishes.  A  few  wells  are  failures,  and  yield  no  oil.  One  of  the  head  men  of 
Minbain,  who  was  engaged  in  the  well-digging,  informed  mo  that  they  are  worked 
fi’om  about  the  beginning  of  December  till  the  commencement  of  the  wet  season. 
The  wells  being  mostly  in  the  beds  of  nallas,  of  course  get  filled  ndth  rubbish 
every  rains,  but,  as  the  yield  diminishes  so  much  with  age,  the  diggers  do  not 
mind  this,  and  open  others  in  fresh  spots  every'  year.  The  annual  yield  is  said  to 
be  about  a  thousand  rupees  worth  of  oil  of  late  years.  It  is  sold  at  six  bottles 
per  rupee.  The  total,  therefore,  would  be  6,000  bottles  or  about  1,000  gallons. 

In  the  ridg-e  which  sti’etehes  along  the  sea  coast  from  Likmau  to  Minbain. 
the  strata  have  a  dip  tlmoughout  to  south-west.  The  dip  is  very  obscure  in  the 
ridge  between  the  wells  and  Thengchaung,  and  it  does  not  seem  to  be  regular, 
but  I  observed  some  apparent  indications  of  its  having  a  general  easterly  ten¬ 
dency.  If  this  be  the  case,  the  oil-bearing  rocks  near  Minbain  are  probably  at 
or  near  the  axis  of  an  anticlinal  bend,  a  position  which  in  many  oil  regions 
(some  of  those  in  America  and  Japan  for  instance)  has  been  found  a  most 
favourable  one  for  well-sinking.  The  present  wells,  as  will  have  been  seen,  have 
merely  grubbed  at  the  surface. 


PART  2.]  Mallei  :  On  the  mineral  resources  of  T^aniri,  Cheduha,  215 

A  mile  or  so  norti-west  of  Kangautau,  there  are  a  dozen  or  so  of  oil  wells 
in  the  hed  of  a  nalla  of  the  same  character  as  those  at  Minbain.  They  are 
sunk  in  a  gray,  more  or  less  argillaceous  sand  (disintegrated  sandstone  ?),  some 
being  lined  with  bamboo  wickerwork.  They  were  first  opened  last  year.  The 
best  well,  as  I  was  told,  yielded  eight  or  ten  bottles  of  oil  the  first  day,  hut  the 
yield  rapidly  diminished.^ 

The  following  table  contains  as  complete  a  list  as  I  have  been  able  to  make 
of  the  localities  in  the  Rtoii  group  of  Islands  and  the  Barangas,  where  oil  has 
been  obtained  or  indications  of  it  observed.  With  reference  to  the  Barangas  it 
should  be  I’emai-ked  that  the  results  given  are,  with  the  exception  of  those 
connected  with  Mr.  Savage’s  wells,  those  obtained  up  to  the  time  of  my  visit. 
Boring  operations  had,  however,  then  only  just  commenced,  so  that  the  small 
quantities  of  oil  mentioned  cannot  in  themselves  be  taken  as  any  evidence  of 
a  scanty  supply. 


*  Captain  Halsted  states  that  in  Cheduha  oil  is  collected  by  turning  up  the  soil,  where 
oleiferous,  to  a  depth  of  2  feet,  and  surrounding  it  by  a  bank  of  earth,  so  as  to  form  a  shallow 
pond  during  the  raius,  about  20  yards  square ;  gas  and  oil  rise  through  the  water,  the  latter  of 
which  is  skimmed  off  and  collected.  (J.  A.  S.,  B,,  X,  369).  This  crude  method  was  not  practised 
in  any  of  the  oil-bearing  localities  I  visited. 
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These  figures,  in  as  far  as  the  Ramri  group  of  islands  are  concerned,  are  not  very  reliahle* 
In  cyiiadrieai  bottles  of  2i  inehes  internal  diameter.  All  the  oils  are  dichroic,. 
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PART  2.]  Mallet :  On  the  mineral  resources  of  Rdmri,  Cheduha,  Sj-c. 

Limestone  is  very  plentiful  in  Ramri.  One  of  tlie  most  important  localities 
is  just  noi’t-h  of  the  Yanthek  creek,  about  two  miles 
Limestone.  north  of  the  village  of  the  same  name.  The  rock 

there  is  yellowish-white  or  occasionally  reddish.  It  is  rather  brittle,  and  gener¬ 
ally  has  a  tolerably  smooth  fracture.  Some  parts  have  a  fine  gT’anular  stnicturc. 
It  includes  strings  and  seams  of  calcspar,  which  weather  out  prominently  from 
the  mass  of  the  rock,  but  it  is  free  from  chert  and  from  interbedded  layers  of 
other  rock.  The  bedding  is  generally  obscure,  and  masses  20  feet  thick  occur  in 
which  none  is  apparent.  In  places,  however,  the  rock  has  a  slight  tendency  to 
flagginess.  The  dip  and  strike  seem  to  be  very  incorustant.  The  supply  is 
unlimited.  I  mj’self  saw  the  stone  to  be  continuous  over  an  area  of  many  acres, 
forming  rocky  hillocks  20  to  40  feet  high,  and  the  villagers  with  me  said  that  it 
extends  over  an  area  four  kos  in  circuit.  The  limestone  is  situated  close  to 
a  tidal  creek  which  joins  the  Yanthek  creek  within  200  yards,  so  that  there  is  great 
facility  for  exportation. 

The  analysis  of  a  carefully  chosen  average  sample,  made  up  of  pieces  from 
several  of  the  small  native  quarries,  yielded — 


Calcium  carbonate  .  .  ... 

.  94-4 

Magnesium  carbonate  .... 

•5 

Ferrous  carbonate  (with  some  FCjOj  &  Afr  O3) 

.  1-5 

Insoluble  (mostly  clay) 

.  3-6 

100-0 

The  manufacture  of  lime  is  carried  on  in  the  neighbourhood,  but  not  on  any 
large  scale.  The  rock  is  quarried  with  crowbars  and  hammers,  having  been  pre¬ 
viously  heated  by  brushwood  fires  :  gunpowder  is  not  used.  The  kilns  in  which 
it  is  burned  are  circular,  about  8  feet  in  diameter  at  the  top  and  rather  more  at  the 
bottom,  with  a  depth  of  about  10  feet.  They  are  dug  out  on  a  steep  clay-bank, 
and  have  one  orifice  in  front  at  the  bottom  about  18  inches  diameter.  There  is 
a  low  clay  wall  round  the  top. 

The  lower  part  of  the  kiln  is  filled  wdth  logs  of  wood  and  the  upper  with 
broken  stone  in  pieces  up  to  some  inches  diameter.  After  some  days,  when  the 
fire  has  burned  out,  the  top  portion  of  the  stone,  which  is  only  partially  burned, 
is  removed  separately,  and  the  lime  then  withdrawn  and  slaked.  Salt  water 
from  the  creek  is  used  for  this  purpose,  as  being  the  nearest  at  hand,  but  it  is 
by  no  means  calculated  to  improve  the  lime.  The  half-burned  stone  is  added  to 
the  next  firing.  The  slaked  lime  is  sold  at  the  kilns  at  the  rate  of  twenty  rupees 
per  hundred  matis  (maunds). 

Limestone  of  a  very  similar  character  to  that  at  Yanthek  also  occurs  in 
large  quantity  near  Tsinbok.  It  is  a  yellowish-white  rock  looking  like  indurated 
chalk.  Besides  veins  of  calcspar  it  contains  an  occasional  nodule  of  chert, 
which  I  have  not  observed  in  the  rock  at  Yanthek.  There  are  at  least  two  out¬ 
crops  to  the  south-west  of  the  village,  at  one  of  which  the  limestone  forms  a 
hillock  30  feet  high.  From  this  alone  a  very  large  supply  could  be  obtained,  and 
it  is  within  less  than  a  mile  and  a  half  of  a  tidal  creek.  The  composition  of  the 
stone  is  very  similar  to  that  of  the  Yaxithek  rock. 
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Between  Tsetama,  and  Kyank  Tyan  a  different  kind  of  limestone  (p.  192) 
occurs  in  practically  unlimited  quantity.  It  is  remarkable  as  being  an  almost 
pure  carbonate  of  lime,  there  being  hardly  -any  matter  in  it  insoluble  in  acid, 
and  only  ti-aces  of  iron  and  magnesia. 

Limestone  also  occurs,  although  in  less  abundance,  at  Than  Chaung,  Tengbain, 
Alle  Chaung,  Tsane,  and  Amherst  Island.  Doubtless  it  is  to  be  found  on  Cheduba 
also.  In  the  Baranga  Islands,  however,  I  observed  no  calcareous  rock  anywhere. 

Besides  true  limestone,  recent  coral,  owing  to  the  elevation  that  the  Ramri 
group  of  islands  underwent  during  the  last  century  (p.  190),  occurs  in  large 
quantity  along  the  coast  in  many  places,  where  there  are  rocks  that  afforded  the 
coral  animals  a  secure  foundation  to  build  on.  Amongst  other  localities  may  be 
mentioned  the  rocky  point  west  of  Kyauk  Phyu  and  the  similar  point  at  Likmau. 

It  will  thus  be  seen  that  there  is  an  exhaustless  supply  of  lime  in  the  islands 
conveniently  placed  for  export.  Mr.  Theobald,  also,  mentions  at  least  one  spot 
on  the  coast  of  Arrakan  to  the  south  of  Sandoway  where  limestone  occurs  in 
unlimited  quantity  and  in  a  most  favourable  position  with  respect  to  shipment. ‘ 
It  is  open  to  consideration  -whether  the  lime  of  An-akan  coidd  not  compete 
on  paying  terms  in  the  Calcutta  market  with  the  Sylhet  lime  which  is  subject 
to  the  long  and  tedious  river  navigation  from  Chhatak. 

In  some  places,  as  at  Kyauk  Tyan  and  Amherst  Island,  there  are  gypseous 
shales  through  which  crystals  of  selenite  are  sparsely 
ijpsxim.  disseminated.  These  are  to  be  found  scattered  about 

on  the  surface  of  the  ground,  owing  to  the  weathering  away  of  the  rock.  It 
would  bo  difficult,  however,  to  obtain  more  than  a  few  sers  of  them,  and  as  a 
source  of  gypsum  they  are  perfectly  useless. 

It  appears  from  Dr.  Spry’s  paper  on  Kyauk  Phyu  written  in  1841,  that  salt 
was  at  that  time  made  there  from  sea  water  by  solar 
evaporation,  and  sold  by  the  people  to  Government  at 
7  annas  a  man.^  The  manufacture  has,  however,  been  extinct  for  many  years  past. 

Limpid  rock  crystals  occur  in  some  of  the  seams  of  the  chorty  rock  men¬ 
tioned  at  p.  192,  and  are  collected  sometimes  by  the 
villagers.  But  they  are  too  small  to  be  of  any 
commercial  value. 

In  the  twelfth  volume  of  the  Asiatic  Society’s  Journal  an  account  is  given 
of  an  alleged  discovery  of  native  copper  on  Round 
Island.  The  specimens  were  found  in  1843  by  a 
Mug  who  was  employed  by  Captain  Williams  to 
search  for  coal.  Captain  Williams  sent  them  to  Mr.  Piddington,  who  pronounced 
them  to  be  “  nodules  of  native  copper,  "vvith  red  and  black  oxide  and  silicate 
of  copper.®”  He  also  speaks  of  them  as  “  rolled  native  (virgin)  copper”  “with 
a  coating  of  red  oxide  and  the  blue  and  green  carbonates. *  ” 


Salt. 


Rock  crystal. 


■  Alleged  discovery  of  copper 
on  Round  Island. 


'  Memoirs,  X,  345. 

=  .lourn.  As.  Soc.,  Rengal,  X,  144. 

®  Journ.  As.  Soc.,  Bengal,  XII,  333. 

Ibid,  914,  906.  A  very  extraordinary  analysis  was  given  by  Mr.  S.  Mornay,  w-bo  considered 
the  specimens  to  be  an  alloy  of  copper,  titanium,  mercury,  lead,  cobalt  and  iron. 
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The  locality  seemed  an  unlikely  one  for  copper  to  occur  in,  but  before  my 
visit  to  the  island,  the  Deputy  Commissioner,  Mr.  Duke,  made  enquiries  on  the 
subject,  with,  however,  a  negative  result.  Subsequently  I  went  to  Round  Island, 
and  found  the  hilly  ground  there  to  consist,  as  was  anticipated,  of  stratified 
rocks  similar  to  those  of  Rtori  and  Cheduba,  and  therefore  of  presumably 
early  tertiary  age.  The  occurrence  of  copper  in  such  rocks  Avould  be  most 
unusual.  No  one  that  I  questioned  on  the  subject  had  ever  heard  of  copper 
having  been  found  in  the  island. 

Not  long  ago  whilst  arranging  the  series  of  Indian  copper  ores  in  the  Geolo¬ 
gical  Museum,  I  lighted  on  a  tray  containing  a  number  of  very  irregularly  shaped 
pellets  from  the  size  of  a  grain  of  shot  to  that  of  a  large  pea  or  more.  They 
were  composed  of  bronze-colored  metal  with  a  coating  of  red  and  black  oxides 
and  green  carbonate  of  copper  and  with  a  few  rolled  grains  of  quartzose  sand 
adhering  to  them.  The  accompanying  label  ran  “  Copper  ore  from  Flat  Island^ 
off  the  south-east  end  of  Ramri ;  pi-esented  by  Captain  Williams.”  On  assay, 
the  pellets  were  found  to  bo  an  alloy  of  copper  and  tin,  one  which  has  never  yet 
been  found  native,  but  which,  artificially  manufactured,  is  used  to  a  considerable 
extent  amongst  the  Burmese.  It  is  clear  therefore,  that  the  metal  found  by  the 
Mug  was  not  native  copper  but  artificial  bronze,  which,  judging  from  the  condi¬ 
tion  in  which  it  wa.s  unearthed,  had  probably  lain  buried  for  a  very  long  period. 


ADDITIONS  TO  THE  MUSEUM. 

(From  January  to  March  1878.) 

Donors. 

Burmese  petroleum,  and  series  of  liquid  and  solid  products  manufactured  there¬ 
from. 

The  Rangoon  Oil  Company. 
Specimens  of  zincblende  from  near  Giridi ;  argentiferous  galena  from  Phaga 
(seven  miles  south-east  of  Danda,  Bhagalpur  District)  ;  and  gray  copper 
ore  with  barytes  from  J abalpur  District. 

W.  G.  Olpheets,  Esq. 

Copper  pyrites  in  Kaladgi  limestone  (Madras  Presidency) . 

Dr.  Thorpe. 

Two  series  of  minerals  (by  exchange). 

Mineral  Department,  British  Museum. 
SERIES  I. 

Aikinite  in  quartz,  Beresowsk,  Urals,  Russia. 

Anorthite,  with  biotite  and  pyroxene,  Monte  Somma,  Vesuvius. 

„  var.  Amphodelite,  with  pyroxene  and  copper  pyrites,  Tunaberg, 
Sweden. 

■  In  the  original  papers  in  the  Asiatic  Journal  there  is  a  confusion  between  Round  and  Flat 
Islands — Vide  p.  904. 
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Anthosiderite,  Antonio  Pereira,  Pernambuco,  Brazil. 

Aescbynite  in  orthocla.se,  Ilmen  Mountains,  Orenburg,  Russia. 

Apatite,  massive,  Krageroe,  Noi-way. 

„  „  Loftbuus,  Norway. 

„  var.  Phosphorite,  Esh'amadura,  Spain. 

Arseniosiderite,  Romaneche,  Saone  et  Loire,  Prance. 

Alunite  in  crystals  and  massive,  Tolfa,  near  Civita  Vecchia,  Rome. 

,,  massive,  Bereghszasz,  Hungary. 

Aurichalcite,  with  calcite,  Matlock,  Derbyshire. 

„  with  wad,  Monte  Poni  mines,  Sardinia. 

Berzelianite  in  calcite,  Skrikerum  mines,  Smaland,  Sweden. 

Boulangerite,  with  galena,  Ober-Lahr,  Rhine. 

j>  „  Sala,  Sweden. 

Beudantite  in  interstices  in  limonite,  Montabanr,  Nassau. 

Biotite,  with  hornblende  and  augite,  Monte  Somma,  Vesuvius. 

„  from  the  granite  of  Lake  Baikal,  Irkutzk. 

„  with  muscovite  and  orthoclase,  Ilmen  Mountains,  Orenburg,  Russia. 
Brochantite,  -with  quartz  and  limonite,  Roughten-Gill,  Cumberland. 

Covellite,  with  calcite  and  massive  gei'sdorffite,  Sangerhausen,  Thuringia. 
Calomel  in  crystals,  with  ochreous  limonite  on  a  micaceous  sandstone,  Mos- 
chellandsberg,  Rhenish  Bavaria. 

Cotunnite  on  a  scoriaceons  leucite  lava,  Vesuvius. 

Chiolite,  Ilmen  Mountains,  Orenburg,  Russia. 

Chrysoberyl,  vdth  manganese-garnet,  smoky  quartz  and  albite,  Haddam,  Con¬ 
necticut,  U.  S.  A. 

„  with  garnet  and  mica  in  quartz,  Marschendorf,  Moravia. 

Cervantite  pseudomorphous  after  stibnite,  with  crystalline  massive  ditto,  Borneo. 
Crocidolite,  Asbestos  Mountains,  Orange  R.,  South  Africa. 

Cancrinite  (yellow),  with  elceolite,  mica  and  felspar,  Marienskoi  mine,  Tunkinsker 
Mountains,  Lake  Baikal. 

„  (pinkish),  Ilmen  Mountains,  Orenburg,  Russia. 

Cronstedtite,  with  quartz,  chalybite,  copper  pyrites,  chlorite  and  mispickel, 
Cornwall  (mine  not  yet  ascertained). 

„  with  limonite  in  iron  pyrites,  ditto. 

Chloritoid,  with  quartz  on  a  gneisaoid  rock,  Pregratten,  Pusterthal,  Tyrol. 
Chamoisite,  Chamoison,  WallLs,  Switzerland. 

„  var.  Berthierine,  Bourgogne,  Prance. 

Clinoclase,  with  wad  on  quai-tz,  St.  Day,  United  Mines,  Cornwall. 

Coquimbite,  with  copiapite  and  ehalcanthite,  Copiapo,  Coqnimbo,  Chili. 
Domeykite,  Copiapo,  Chili. 

„  var.  Condurrite,  with  cuprite,  Condurrow  mine,  near  Redruth, 
Cornwall. 

Dipyre,  Vallce  de  Castellon,  St.  Giron,  L’Ariege,  Prance. 

Dechenite,  Preiburg,  Baden. 

Enargite  in  crystals, ^  with  copper  pyrites  in  a  silicious  matrix,  Parad,  Tatra 
Mountains,  Hungary, 
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Enargite  crystalline  massive,  with  copper  pyrites  in  a  silicious  matrix,  Farad, 
Tatra  Mountains,  Hungary. 

Buphyllite,  with  tourmaline,  Chester  Co.,  Pennsylvania,  U.  S.  A. 

Euehroite,  on  mica-slate  coated  with  ochreous  limonite,  Libethen,  Hungary. 
Epsomite,  Calatayud,  Aragon,  Spain, 

Ekmannite,  Bransjo  iron  mine,  Arehro  Liin,  Grythytto,  Sweden. 

Fergusonite  in  quartz,  with  black  mica  and  a  little  felspar,  Ytterby,  Sweden. 
Pihroferrite,  Copiapo,  Chili. 

Greenockite,  with  calcite  and  chlorite,  near  Bishoptown,  Renfrewshh’e,  Scotland. 
Glaucodote,  with  copper  pyrites,  Hakansboda,  Sweden. 

Gearksutite,  with  chalyhite  in  cryolite,  Evigtok,  Arksut-Pjord,  West  Greenland. 
Hessite  or  Petzite,  Sawodinskoi  mine,  Altai. 

Hydi’otalcite,  with  serpentine,  Snarum,  Norway. 

Herschelite,  with  phiUipsite  and  mealy  zeolite  in  cavities  in  a  lava,  Aci  Castello, 
near  Aci  Reale,  Sicily. 

Hydrophite,  with  serpentine,  Taherg,  Wermland,  Sweden. 

Hjelmite  in  alhite,  Falilun,  Sweden. 

Hatchettite,  with  chalyhite,  bitumen  and  quartz  in  cavities  in  clay  iron-stone, 
Merthyr  Tydvil,  South  Wales. 

Jadeite,  China. 

Jeiierisite,  Westchester,  Pennsylvania,  U.  S.  A. 

Knebelite,  Dannemora,  Sweden. 

Killinite  in  granite,  Killiney  Bay,  Co.  Dublin,  Ireland. 

Karstenite,  SchafEhansen,  Rhine. 

„  Gmiinden,  Austria. 

„  wdth  salt,  Salzburg. 

,,  with  hsematite,  Hall,  Tyrol. 

Lead  (native),  in  granular  hausmannite,  Pajsborg  iron  mines,  Philipstadt, 
Wermland,  Sweden. 

Levyne,  with  mesolite  in  cavities  in  a  trap  rock.  Little  Deer  Park,  Co.  Antrim, 
Ireland. 

Liroconite,  with  clinoclase,  St.  Day,  United  Mines,  Cornwall. 

Lanarkite,  with  leadhdlite,  caledonite,  cerussite,  and  pyromorphite,  LeadJulls, 
Lanarkshire. 

Minium,  The  Eifel,  Rhenish  Prussia. 

Meliphanite,  with  mica  and  allanite  in  felspar,  near  Prederikswarn,  Norway. 
Mellilite,  with  pseudonepheline  and  apatite  ondolerite.  Capo  di  Bovo,  near  Rome. 
„  Monte  Somma,  Vesuvius. 

Mosandrite,  with  black  mica  in  zircon  syenite,  Langesund  Fjord,  Brevig,  Norway. 
Megabasite,  Avith  fluor  and  molybdenite  in  quartz,  Schlaggenwald,  Bohemia. 
Manganocalcite  on  quartz,  Schemnitz,  Hungary. 

Nagyagite,  with  miillerite,  and  quartz,  mingled  with  rhodochroisite,  Nagyag, 
Transylvania. 

„  in  crystals,  with  quartz,  blende,  and  rhodochroisite,  ditto  ditto. 

Natron,  Egypt. 

Ozokerite,  Gallicia,  Poland. 
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Perofskite,  with  clinochlore  in  crystalline  limestone,  Achmatowsk,  Urals. 
Pyrochroite  in  magnetite,  Pajsherg  iron  mines,  PliiUpstadt,  Wermland,  Sweden. 
Pheuakite,  with  small  crystals  of  quartz  in  an  ochreous  limonite,  Frammont, 
Vosges. 

„  in  bright  crystals  on  an  albitic  granite,  Ilmen  Mountains,  Orenburg, 
Russia. 

Phenakite  from  the  emerald  mines  of  Ekaterinburg,  Perm,  Russia. 

Pyrosmalite,  with  hornblende  on  magnetite,  Nordsnarken,  Wermland,  Sweden. 

,,  with  hornblende  and  chlorite  on  magnetite,  ditto  ditto  ditto. 
Penninite,  partly  encrusted  with  small  crystals  of  garnet,  Zermatt,  Switzerland. 
Prochlorite,  with  copper  pyrites  and  quartz,  Cornwall. 

,,  with  dolomite  on  magnetite,  Traversella,  Piedmont. 

,,  Tar.  Ogcoite,  St.  Gotthard,  Switzerland. 

Pharmacolite,  with  erythrite  on  carbonate  of  lime,  with  galena,  Wittichen,  Baden. 
Predazzite,  Predazzo,  Tyrol. 

Romerite,  with  copiajhtc  and  chalcanthite,  Copiapo,  Coquimbo,  Chili. 

Ratholite  or  Pectohte,  Ratho  quarry,  near  Edinburgh. 

Retinasphalt,  Bovey  Tracey,  Devonshire. 

Sternbergite,  Joachimsthal,  Bohemia. 

Sylvanite,  with  drusy  quartz  on  a  trachyte  porphyry,  Offenbanya,  Transylvania. 

,,  var.  Miillerdte,  with  blende  in  a  brecciated  siliceous  rock,  Uagyag, 
Transylvania. 

Sal  Ammoniac  in  crystals  on  a  scoriaceous  dolerite  lava,  Vesuvius:  Eruption, 
November  1868. 

Sarcolite,  with  pyroxene,  Monte  Somma,  Vesuvius. 

Staurolite,  with  kyanite  and  mica  in  paragonite  slate,  Giornico,  Levantino  Valley, 
Tessin,  Switzerland. 

,,  with  garnet  in  mica^slate,  Taganai,  Urals. 

Sapphirine,  wdth  mica,  Fiskenaes,  Greenland. 

Schrotterite,  Libethen,  Hirngary. 

,,  near  Tavistock,  Devonshire. 

Scolecite,  Berufjord,  Iceland. 

Smectite,  Krcmznach,  Rhine. 

Samarskito  in  granite,  Ilmen  Mountains,  Orenburg,  Russia. 

Sordawalite,  Sordawala,  Finland. 

Tallingite,  with  atacamite  and  wad,  Botallack  mine,  St.  Just,  Cornwall. 
Ullmaunito,  with  chalybite  and  cojjper  pyrites,  Siegen,  Prussia. 

Ulc.xite  in  gjqjsum,  Brookville,  Hants  Co.,  Nova  Scotia. 

Voigtite  in  grairhjc  granite,  Manobach,  Thuringia. 

Vauquelinite,  with  crocoisite,  pyromorphite,  cerirssite  pseudomorphous  after 
galena,  limonite  pseudomorphous  after  iron  pyrites,  and  quartz, 
Beresowsk,  Urals. 

Volborthite,  with  wad  on  Permian  sandstone,  Ivanow’s  copper  mine,  Perm, 
Rirssia. 

,,  on  limonite,  Sissersk,  near  Nijni  Tagilsk,  Perm,  Russia. 

Wehrlite,  Szurrasko,  Hungary. 
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Wohlerite,  witli  eloeolite  and  cancrinite  in  zircon  syenite,  Langesnnd  Fjord,  near 
Brevig,  N’orway. 

Wagnerite,  witla  brown-spar  in  a  greenish  clay-slate,  Hollgraben,  near  Werfen, 
Salzburg. 

Walchowite,  Walchow,  Moravia. 

Xenotime,  with  yellow  and  black  yttrotantalite  in  felspar,  Ytterby,  Sweden. 
Zippeite,  with  small  crystals  of  selenite,  Wheal  Edward,  near  St.  Just,  Cornwall. 


SERIES  II. 

Albite,  with  malachite  and  chessylite,  Kirabinsk  Mine,  Ekaterinburg,  Russia . 
Albite,  with  chalybite,  Zillerthal,  Tyrol, 

Andalusite,  Brazil. 

Aragonite  in  twinned  crystals,  Bilin,  Bohemia. 

Arsenic  (native),  with  calcite,  Andreasberg,  Hartz. 

Avanturine  quaidz.  Cape  de  gata,  Spain. 

Barytocalcite  in  crystals  and  massive,  Alston,  Cumberland. 

Calcite  in  fascicular  groups  on  quartz,  with  blende  and  galena,  Schemnitz, 
Hungary. 

Calcite  on  fluorspar,  near  Camborne,  Cornwall. 

Cadmiferous  blende,  Przibram,  Bohemia. 

Chesterlite  in  granular  dolomite,  Chester  Co.,  Pennsylvania. 

Chiastolite  in  clay-slate,  Lancaster,  Massachusetts. 

Chrysolite  in  ciystals,  The  Levant. 

Corundum  crystal,  Tibet. 

,,  ,,  Salem,  Madras. 

Dolomite,  columnar,  with  dendritic  manganese  oxide,  Sunderland. 

Fassaite  in  blue  calcite,  Fassa,  Tyrol. 

Fahlunite  in  talc  slate,  Fahlun,  Sweden. 

„  „  with  copper  pyrites,  Fahlun,  Sweden. 

Felspar  (compact),  colored  in  spots  with  manganese  oxide,  Charlotte,  Xorth 
Carolina. 

Fire  opal,  Zimapan,  Mexico. 

Green  tourmaline,  with  sapphire  in  granular  dolomite,  Campolongo,  St. 

Gotthard,  Switzerland. 

Grossular  garnet,  Fassathal,  Tyrol. 

Grossular  in  loose  crystals,  Wilui  R.,  Trans-Baikal. 

Gurhofite,  Gurhof,  Styria. 

Humite,  with  biotite  and  calcite,  Monte  Somma. 

Hyposclerite,  with  melanite,  Arendal,  Norway. 

Leelite,  with  actinolite,  Salberg,  Sweden. 

Limonite,  fibrous  and  compact,  Orkney  Islands. 

„  Siegen,  Prussia. 

Mesolite,  with  thomsonite  and  stilbite,  Renfrewshire. 

Moonstone,  Ceylon. 

Murchisonite,  Hcavitrec,  near  Exeter,  Devon. 
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Natrolite,  with  analcime  on  basalt,  Auvergne. 

,,  in  a  cavity  in  basalt,  Leipa,  Bohemia. 

„  with  gmelinite  in  trap  rock,  Co.  Antrim. 

,,  on  phonolito,  near  Aussig,  Bohemia. 

Omphacite,  with  garnet,  San-Alpe,  Carinthia. 

Orthoclase  (massive),  Frederikswam,  Norway. 

Petalite,  with  lepidolite.  Island  of  Uto,  Sweden. 

,,  with  spots  of  indicolite.  Island  of  Uto,  Sweden, 

Physalite,  Trumbull,  Connecticut. 

Prase,  Breitenbi’iinn,  Saxony. 

Pyrohisite,  coating  stalactitic  psilomelane,  Thuringia. 

,,  Nassau. 

Pyrophy.salite  in  quartz,  Pinbo,  Sweden. 

PjTophysalitc,  Finbo,  near  Fahlun,  Sweden. 

Pyroxene,  with  hornblende,  Arendal,  Norway. 

Quartz,  pseudomorphous  after  chalybite.  Cook’s  kitchen  mine,  Cornwall. 
Richterite,  with  schefferite  and  hematite,  Langbanshyttan,  Sweden. 

Rubellite,  with  indicolite  and  green  tourmaline,  in  albite,  Chesterfield,  Massa¬ 
chusetts. 

„  Elba. 

Sahlite,  with  galena  and  calcite,  Sala,  Sweden. 

„  with  hornblende  and  sphene,  Arendal,  Norway. 

Schefferite,  with  rhodonite,  Langbanshyttan,  Wermland,  Sweden. 

Siliceous  sinter,  The  Geysers,  Iceland. 

Spinel  (blue),  with  hornblende  and  mica  in  limestone,  Aker,  Sweden. 

Tasmanite,  Mersey  R.,  North  Tasmania. 

Topazolite,  with  mussite,  Mussa,  Piedmont. 

Wood- tin,  near  Truro,  Cornwall. 

,,  in  water- worn  fragments,  Cornwa^ 

ADDITIONS  TO  THE  LIBRARY. 

From  1st  January  to  81st  March  1878. 

htles  oI  ]3ooJcs,  Donors. 

Benecke,  Dr.  E.  W. — Geognostiseh-Palaontologische  Beitrage,  Band  II,  heft  3 
(1876),  8vo,  Miinchen. 

Brush,  Geo.  J . — Appendices  I  and  II  to  the  5th  Edition  of  Dana’s  Mineralogy 
(1872),  8vo,  New  York. 

Cunningham,  Alex. — Corpus  Inscriptionum  Indiearum,  Vol.  I — Inscriptions  of 
Asoka  (1877),  4to,  Calcutta. 

Home  Department. 

Elliott,  Sir  H.  M. — History  of  India,  Vol.  VIII,  (1877),  8vo,  London. 

Home  Departjient. 

Enctclopiedia  Britannica,  Vol.  VII,  9th  Edition  (1877),  4to,  London. 
Hochstettee,  P.  von. — Asien  seine  Zukunftsbahnen  und  seine  Kohlenschiitze 
(1876),  8vo,  Wien. 
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Titles  of  Boohs.  Donors. 

Just,  Dk.  L. — Botanischer  Jahresbericht,  Jahrg.  1876,  Abtb.  I  (1878),  8vo, 
Berlin. 

Kuez,  S. — Forest  Flora  of  British  Bunna,  Vols.  I  and  II  (1877),  8vo,  Calcutta. 

Depaetment  Revenue,  Ageicultueb  and  Commeece. 
Loczy,  L.  von. — Die  Liszkovaer  Hoble  im  Baratbegy  (Liptaner  Comitat),  (1878), 
8vo,  Budapest. 

The  Author. 

Loczy,  L.  von. — Ecbionoden  aus  dem  Neogen- Ablagerungen  des  Weissen 
Korostbales  (1877),  8vo,  Budapest. 

The  Author. 


PERIODICALS,  SERIALS,  &c. 


American  Journal  of  Science  and  Arts,  3rd  Series,  Vol.  XIV,  Nos.  8.3-84  (1877) 
8vo,  New  Haven. 


The  Editors. 

Annalen  der  Pbysik  und  Cbemie,  New  Series,  Vol.  II,  beft  3-4,  and  III,  beft  I 
(1877-78),  8vo,  Leipzig. 

Annales  des  Mines,  7tb  Series,  Vol.  II,  livr.  5  ;  V,  livr.  3  ;  IX,  livr.  1 ;  XII,  livr.  5 
(1872,  1874,  1876-77),  8vo,  Paris. 

L’Admins.  des  Mines. 

Annals  and  Magazine  of  Natural  History,  4tb  Scries,  Vol.  XX,  No.  120,  and  6tb 
Series,  Vol.  I,  Nos.  1-2  (1877-78),  8vo,  London. 

Arcbiv  fur  Naturgescbicbte,  Jabrg.  XLIII,  beft  4,  and  XLIV,  beft.  1  (1877-78), 
8vo,  Berlin. 

Atbenasum,  Nos.  2616  to  2620,  and  2622-2627  (1877-78),  4to,  London. 
Bibliotbeque  Universelle  et  Revue  Suisse,  New  Series,  Vol.  LX,  Nos.  239-240 
(1877),  8to,  Lausanne. 

Cbemical  News,  Vol.  XXXVI,  Nos.  942-946  and  948-953  (1877-78),  4to,  London. 
CoUiery  Guardian,  Vol.  XXXIV,  Nos.  884-889  and  891-896  (1877-78),  fob. 


London. 

Geograpbical  Magazine,  Vol.  V,  No.  2,  (1878),  royal  8vo,  London. 

Geological  Magazine,  New  Series,  Decade  II,  Vol.  IV,  No.  12,  and  V,  Nos.  1-2 
(1877-78),  8vo,  London. 

Journal  de  Concbyliologie,  3rd  Series,  Vol.  XVII,  No.  4  (1877),  8vo,  Paris. 

London,  Edinburgh,  and  Dublin  Philosophical  Magazine  and  Journal  of  Science, 
5th  Scries,  Vol.  IV,  Nos.  27-29  (1877-78),  8vo,  London. 

Mining  Journal,  with  Supplement,  Vol,  XLVII,  Nos.  2207-2212  and  2214-2218 
(1877-78),  fob,  London. 

Nature,  Vol.  XVI,  Nos.  423-428  and  430-435  (1877-78),  4to.,  London. 

Neues  Jabrbucb  fiir  Mineralogie,  Geologic  und  Paleeontologie,  Jabrg.  1877,  beft  9, 
and  1878,  beft  1  (1877-78),  8vo,  Stuttgart. 

Petermann,  De.  A. — Geograpbiscbe  Mittboilungen,  Band  XXIII,  No.  12,  and 
XXIV,  Nos.  1-3  (1877-78),  4to,  Gotha. 

Petermann,  De.  A. — Geograpbiscbe  Mittbeilungen,  Supplement — Band  LII 
(1877),  4to,  Gotha. 


'^30  Records  of  the  Geological  Survey  of  India.  [vol.  xt. 

Titles  of  Books.  Donors. 

PoGGENDOEFF,  J.  C. — Annalen  der  Physik  iind  Chemie,  Band  128-138,  and  142-150 
(18G6-69  and  1871-73),  8vo,  Leipzig. 

Professional  Papers  on  Indian  Engineering,  2nd  Series,  Vol.  VII,  No.  27  (1878), 
8vo,  Roorkee. 

Thomason  College  op  Civil  Engineeeing. 
Quarterly  Journal  of  Microscopical  Science,' New  Series,  No.  LXIX  (1878),  8vo, 
London. 

Quarterly  Journal  of  Science,  No.  LVII  (1878),  8vo,  London. 

Reports  of  the  Mining  Surveyors  and  Registrars  for  quarter  ending  30th  Sep¬ 
tember  1877  (1877),  flsc.,  Melbourne. 

Mining  Department,  Victoria. 


GOVERNMENT  SELECTIONS,  &c. 


India. — Carrington,  R.  C. — List  of  Ligbt-bouses  and  Ligbt-vessels  in  British 
India,  including  the  Red  Sea  and  Coast  of  Arabia  (1878), 
4to,  Calcutta. 

Marine  Survey  Department. 


)> 


General  Report  on  the  Operations  of  the  Revenue 
187G-77  (1878),  flsc.,  Calcutta. 


Surveys  of  India  for 
The  Survey. 


Walker,  Col.  J.  T. — General  Report  on  the  Operations  of  the  Great 
Trigonometrical  Survey  of  India  during  187G-77  (1878), 
flsc.,  Calcutta. 

The  Survey. 


Madras. — Maclean,  C.  D. — Standing  information  regarding  the  Official  Adminis¬ 
tration  of  the  Madras  Presidency  (1877),  8vo,  Madras. 

Government  op  Madras. 

Punjab. — Report  on  the  Administration  of  the  Punjab  and  its  dependencies  for 
1876-77  (1877),  8vo,  Lahore. 

Punjab  Government. 


TRANSACTIONS,  PROCEEDINGS,  &c.,  OF  SOCIETIES. 

Belfast. — Proceedings  of  the  Belfast  Natural  History  and  Philosophical  Society 
for  1876-77  (1877),  8vo,  Belfast. 

The  Society. 

Berlin. — Monatshericht  der  konig.  Preuss.  Akademie,  September  to  November 
(1877-78),  8vo,  Berlin. 

The  Academy. 

,,  Zeitschrift  der  Deutschen  Geologischen  Gesellschaft,  Band  XXIX 
heft  3  (1877),  8vo,  Berlin. 


The  Society. 
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Bristol. — Proceedings  of  the  Bristol  Naturalists’  Society,  New  Series,  Vol.  II, 
Part  1  (1877),  8vo,  Bristol. 

The  Society. 

Brussels. — Bulletin  de  la  Societe  Beige  de  Geographie,  Nos.  4-5  (1877),  8vo, 
Brussels. 

The  Society. 


Budapest. — Naturhistorisehe  Hefte,  Band  I  (1877),  8vo,  Budapest. 

National  Museum,  Budapest. 
Calcutta. — Journal  of  the  Agricultural  and  Horticultural  Society  of  India,  New 
Series,  Vol.  V,  Part  3  (1878),  8to,  Calcutta. 

The  Society. 

„  Journal  of  the  Asiatic  Society  of  Bengal,  New  Series,  Vol.  XL VI, 
Part  1,  Nos,  3-4  (1877),  8vo,  Calcutta. 

The  Society. 

,,  Proceedings  of  the  Asiatic  Society  of  Bengal,  No.  X  (1877),  and 
No.  I  (1878),  (1877-78),  8vo,  Calcutta. 

The  Society. 


Copenhagen. — Oversigt  over  det  kong.  danske  Videnskahernes  Selskabs,  No.  2 
(1877),  8vo,  Copenhagen. 


The  Academy. 

Dublin. — Journal  of  the  Royal  Geological  Society  of  Ireland,  New  Series, 
Vol.  IV,  Parts  3  and  4  (1876-77),  8vo,  Dublin. 

The  Society. 

Geneva. — Memoires  de  la  Societe  de  Physique  et  d’Histoire  Naturelle  de  Geneve, 
Vol.  XXV,  Part  1  (1877),  4to,  Geneva. 

The  Society. 


London. — Palseontographical  Society’s  Publications,  Vols.  XIX  (1865),  XX 
(1866),  XXV  (1871)  to  XXXI  (1877),  and  Part  2  of 
1849,  4to,  London. 

„  Philosophical  Transactions  of  the  Royal  Society  of  London,  Vol.  166, 
Part  2,  and  167,  Part  1  (1877),  4to,  London. 

The  Society. 


Quarterly  Journal  of  the  Geological  Society  of  London,  Vol.  XXXIII, 
Part  IV,  No.  132,  with  list  of  Fellows  for  1877  (1877), 
8vo.,  London. 

Ditto. 


Manchester. — Transactions  of  the  Manchester  Geological  Society,  Vol.  XIV, 
Parts  14-16  (1877),  8vo,  Manchester. 


Ditto. 

Melbourne. — Geological  Survey  of  Victoria.  Prodromus  of  the  Palaeontology  of 
Victoria,  by  P.  McCoy,  Decade  V  (1877),  8vo,  Melbourne. 

The  Survey. 


Moscow, — Bulletin  de  la  Societe  Imperiale  des  Naturalistes  de  Moscou,  Vol,  LII, 
No.  1  (1877),  8vo,  Moscou. 


The  Society. 
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Titles  of  Books.  Donors. 

Philadelphia. — Journal  of  the  Franklin  Institute,  3rd  Series,  Vol.  LXVII, 
Nos.  5-6,  LXVIII,  Nos.  1-2,  LXIX,  No.  3,  LXX, 
Nos.  2-5,  LXXIV,  No.  6,  and  LXXV,  No.  1  (1874-78). 
8vo,  Philadelphia. 

The  Institute. 

Pisa. — Atti  della  Societa  Toscana  di  Scienze  Natural!,  Vol.  II,  Part  2,  and  III, 
Part  1  (1876-77),  8vo,  Pisa. 

The  Society. 


Plymouth. — Report  and  Transactions  of  the  Devonshire  Association  for  the 
Advancement  of  Science,  Vol.  IX  (1877),  8vo,  Plymouth. 

The  Association. 


Rome.— Atti  della  R.  Accademia  dei  Lincei,  3rd  Series,  Vol.  II,  Parts  1-2  (1878), 
4to,  Rome. 

The  Academy. 

,,  Bollcttino  R.  Comitato  Geologico  d’ltalia.  Nos.  11-12  (1877),  8vo, 
Rome. 
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Note  on  the  Peogress  of  the  Gold  Industry  in  Wtnad,  Nilgiei  District, 
Madras  Presidency,  hy  W.  King,  b.a.,  Deputy  Superintendent,  Geological 
Survey  of  India. 

Tlie  official  boundaries  of  Wynad  baring  of  late  been  altered  by  tbe  annexa¬ 
tion  of  its  soutb-eastern  frontier,  or  tbe  country  around  Dayrallab,  to  tbe  Com- 
missionersbip  of  tbe  Nilgiris,  it  becomes  necessary,  as  in  tbe  beading  of  tbis 
paper,  to  refer  to  tbe  present  area  of  tbe  gold  industry  as  being  in  tbe  Nilgiri 
district,  instead  of  as  bitberto  in  tbat  of  Malabar. 

It  is  now  nearly  three  years  since  my  first  noticei  was  written  on  the  gold¬ 
fields  of  WjTiad,  at  which  time  a  commencement  was  about  to  be  made  by  the 
pioneer  Alpha  Gold  Company  in  working  them.  Since  then  two  other  Com¬ 
panies,  tbe  ‘Wynad  Prospecting’  and  tbe  ‘Prince  of  Wales’  Tribute,’  have  made 
essays  with  the  same  intention ;  but  none  of  these  have,  until  very  lately,  suc¬ 
ceeded  in  obtaining  from  tbe  quartz  an  average  percentage  of  gold  at  all  equalling 
tbat  of  my  preKminaiy  crusbings,  namely,  7  dwts.  to  tbe  ton.  It  is  only  within 
tbe  last  few  months  tbat  some  stone  from  ‘Wrights’  level’  in  tbe  Alpha  works 
has  yielded  from  11  to  17  pennyweights. 

The  returns  obtained  were  all  so  much  below  the  amount  ex2iected,  tbat  I  was, 
at  various  times,  applied  to  by  those  interested  in  tbe  successful  working  of  these 
Companies  for  any  suggestions  as  to  improved  manipulation,  or  better  mining ; 
and  in  July  last  I  made  a  hurried  inspection  of  the  works  and  tbe  machinery. 

In  all  cases,  the  mining  bad  only  been  carried  on  near  tbe  surface ;  and  in 
most  instances  disappointing  results  bad  driven  the  Managers  and  working  Direc¬ 
tors  from  one  point  to  another  of  tbe  reefs,  as  more  or  less  promising  stone  seemed 
to  present  itself  to  tbe  search.  Tbe  Alpha  Company  was  at  a  standstill  through 
exhaustion  of  funds  and  breaking  down  of  machinery ;  the  Wj-nad  Prospecting 
Company  had  nearly  run  through  its  capital,  but  hoped  to  be  able  to  hold  on  by 
obtaining  gold  sufficient  to  pay  working  expenses ;  and  the  Prince  of  Wales’  Com¬ 
pany,  which  has  no  machinery  of  its  own,  had  leased  that  of  the  Alpha  Company, 
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and  was  collecting  stone  in  readiness  for  crushing  as  soon  as  this  machinery  should 
be  again  in  order. 

Through  the  kindness  of  the  Managing  Directors,  I  have  been  supplied  with 
the  tables  and  statistics  given  in  this  paper ;  and  these  will  show  what  the  results 
have  been  up  to  date.  They  do  not,  however,  show  how  and  whence  the  stone 
was  obtained,  or  the  style  of  machinery  used ;  I  therefore  enter  into  some  detail 
in  this  paper  regarding  these  two  points. 

The  main  results  of  the  gold  workings  up  to  date  are,  as  nearly  as  can  be 
made  out — for  no  coirect  returns  were  kept  at  first — that  the  gross  amount  of 
gold  obtained  by  the  three  Companies  up  to  the  14th  of  March  1878  is  271  oz. 
9  dwts.  14  grains :  the  average  yield  of  gold  per  ton  of  quartz  on  all  this  amount 
has  been  4'5  dwts. ;  and  this  gold  has  been  sold  at  prices  varying  from  Es.  40  to 
Es.  45  the  ounce.  This  low  average  yield  is  calculated  on  the  whole  absolute  ton¬ 
nage  of  quartz  extracted  in  Wynad ;  but  it  is  only  fair  to  give  the  following 
averages  for  each  Company’s  working  ; — 

Alpha  Company  ...  ...  769'5  tons  gives  2'27  dwts. 

Wynad  Prospecting  Company  ...  99‘85  „  „  3'02  „ 

Prince  of  Wales’  Company  ...  322  66  „  „  10'5  „ 

Eegarding  the  ‘  touch  ’  of  the  gold,  I  have  only  two  quotations  from  the  Wynad 
Prospecting  Company,  namely  : — “  It  varies  much  in  quality,  running  from 
to  9  ;  Mr.  Orr  values  the  worst  at  Es.  36  per  ounce.”  Mr.  Orr,  whose  finn  of 
jewellers  in  Madras  has  purchased  most  of  the  Wynad  gold,  writes  me: — “The 
gold  is  of  good  quality,  better  than  sooga,  gold,^  for  which  we  have  paid  Es.  45 
per  ounce.” 

The  country  around  Dayvallah  is  much  broken  up  into  low  grassy  hills  and 
ridges,  varying  in  height  up  to  300  feet,  on  the  summits  and  crests  of  which  the 
quartz  reefs  generally  occur,  and  the  valleys  between  these  all  lead  into  the 
great  2,000  feet  deep  Carcoor  cherrum,  or  vaUey,  of  the  Western  Ghats,  or  into 
the  smaller  cheirums  to  the  west  of  Dayvallah.  The  mines  of  the  original 
workers,  or  the  Korumber  excavations,  and  even  those  of  the  latest  European 
explorers,  have  aU  been  run  into  the  slopes  of  these  small  hills,  or  into  the  sides 
of  the  great  cherrum ;  but  very  few  of  these  have  been  driven  at  the  lowest  levels, 
or  from  the  beds  of  the  streams  between  the  hills.  Indeed,  I  doubt  whether  any 
workings  have  been  excavated  below  the  levels  of  these  streams,  except  jierhaps 
in  the  sides  of  the  Carcoor  valley ;  and  there  is  no  known  instance  of  shafts  hav¬ 
ing  been  sunk  to  the  depth  of  the  permanently  water-holding  country-rock,  below 
that  zone  of  variable  thickness  into  which  atmospheric  influences  are  supposed  to 
extend. 

It  is  not  here  intended,  after  the  popular  cry,  to  imply  that  mining  ought  to 
liave  been  carried  to  any  extraordinary  depths,  such  as  the  7  or  800  feet  levels  of 
.Australia,  where  working  was  in  most  cases  only  rendered  necessary  by  the  lodes 
having  been  worked  out  to  these  dbjjths  ;  nor  is  it  an  ascertained  rule  tliat  richness 


’  Among  nativw  golilsinitlis.  there  are  ordiuariI,v  three  qualities  cf  gold,  of  which  “  sooga 
rs  the  modiiim. 
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of  veins  almost  always  inci’cases  witli  the  depth ;  but  it  is  almost  certain  that 
displacement  and  non-continuity  of  reefs  must  he  expected  in  so  much  of  the  country- 
rock  as  is  exposed  to  atmospheric  influences,  and  these  defects  would  of  themselves 
be  sufficient  to  prevent  steady  and  successful  mining  being  carried  on  to  any  g-reat 
extent  at  all  near  the  surface.  Local  displacement  can  of  course,  as  a  general  rule> 
only  have  taken  place  near  the  surface ;  but  as  this  surface  in  Wynad  is  a  very 
uneven  one,  such  breaks  must  be  expected  in  most  of  the  ridges  and  knolls  of 
the  Dayvallah  country,  and  to  a  much  greater  extent  on  the  great  slopes  of 
the  Grhats.  There  is  even  a  case  in  point  in  the  Prince  of  Wales’  Company’s  claim, 
where,  on  the  east  side  of  the  ridge  north  of  the  Alpha  works,  a  tunnel  was  driven 
with  the  expectation  of  cutting  the  northern  course  of  the  Skull  reef  on  the 
prevalent  eastward  dip,  but  without  success.  It  was  then  conjectured,  from  an 
outcrop  of  quartz  on  the  south  slope  of  this  ridge,  that  the  reef  dipped  quite  in 
the  opposite  direction  or  westward,  and  a  new  tunnel  w'as  proposed.  ^  The  reef 
shows  very  well  on  the  top  of  the  ridge,  lying  at  a  very  low  angle  to  the  eastward, 
but  it  has  a  tendency  to  resume  the  higher  normal  dip  (25°  to  30°)  lower  down 
the  slope.  From  aU  I  could  see,  the  very  low  dip  on  the  summit  of  the  hill  appeared 
to  be  due  to  a  sinking  down  of  the  reef  on  the  weathered  and  denuded  foot-wall, 
while  the  abnormal  lie  of  the  outcrops  of  quartz  on  the  low'er  slopes  is  most  likely 
attributable  to  local  displacement  of  the  country-rock,  very  large  and  old  slides 
of  decomposed  gneiss  being  not  at  all  unfrequent  in  this  part  of  the  country. 

It  has  been  found  that  the  reefs  continue  to  the  deep  so  far  as  workings  have 
been  carried  out ;  but  as  these  are  of  little  depth,  the  country  itself  can  only  be 
looked  to  for  evidence  of  any  value  on  this  point.  Certainly  many  of  the  reefs 
can,  on  the  upland,  be  seen  to  run  deeper  than  the  Skull  reef ;  while  outcrops  are 
known  to  exist  far  down  in  the  deep  Ghat  valleys,  w'hich  to  aU  appearance  are 
the  continuations  of  reefs  on  the  upland ;  and  it  seems  hardly  probable  that  reefs 
which  are  traceable  for  miles  in  their  strike  can  be  so  very  limited  in  depth. 
There  must,  no  doubt,  be  cases  of  thinning  out,  and  it  may  be  so  in  the  case 
in  question  to  some  extent;  but  the  evidence  is  against  this,  for  some  part 
of  the  reef  (slippied  or  in  siiu)  has  been  struck  in  the  last  attempt  to  reach 
it ;  though,  even  if  it  had  not  been  struck,  there  would  have  been  no  clear  proof  of 
its  entire  absence,  consideiung  that  the  tunnel  has  such  a  small  section,  and  that 
reefs  are  often  capricious  within  small  ranges.  But  it  is  a  most  common  expe¬ 
rience  in  this  pari  of  Wynad  to  find  the  reef  outcrops  much  tumbled  and  slipped 
at  various  points  among  the  ridges  in  the  upland ;  and  seeing  that  here,  well  up 
the  sides  of  the  hiU  in  question,  there  are  large  outcrops  of  quartz  in  untoward 

*  This  was  at  the  time  of  my  visit  in  August  last ;  hut  it  appears  that  no  further  attempt  was 
then  made  to  strike  the  reef,  all  efforts  having  been  directed  to  the  raising  of  stone  from  another 
more  accessible  part  of  tho  Skull  reef.  In  the  last  report  of  this  Company  it  is  stated  that 
another  endeavour  was  made  at  the  Prince  of  Wales’  reef  so  late  as  the  Isc  of  January  1878 ;  but 
that  as  the  old  workings  had  completely  fallen  in,  it  was  necessary  to  begin  a  fresh  tunnel,  and 
that  the  reef  was  only  struck  ten  days  before  their  lease  evpircd.  The  length  of  the  tunnel  is 
given  as  132  feet  from  entrance  and  about  SO  feet  in  depth  from  surface  ;  but  there  are  no  further 
details  as  to  direction  or  position. 
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positions,  one  showing  a  westerly  dip,  I  am  the  more  inclined  to  view  the  case 
as  one  of  displacement,  in  preference  to  one  of  sudden  absence  of  the  reef  altoge¬ 
ther  over  any  appreciable  area. 

A  further  source  of  disappointment  in  the  present  system  of  mining  may  also, 
I  think,  lie  in  a  possible  mechanical  distribution  of  some  of  the  gold  irregularly 
throughout  the  reefs  by  the  mere  percolation  of  water  in  this  zone  of  varied 
decompositions ;  and  that  thus  the  gold  may  be  found  not  only  more  fitfully  dis¬ 
tributed  than  is  at  times  usual  with  the  precious  metal,  but  even  to  some  extent 
washed  out  of  the  reef.  Although  there  is  no  certain  evidence  that  gold  may  be 
thus  distributed  through  reefs,  the  possibility  of  such  a  mechanical  process  seems 
quite  conceivable  when  the  conditions  of  some  of  the  reefs  and  their  gold  are 
considered  in  conjunction  with  the  effects  of  such  an  exceptionally  moist  climate 
as  that  of  Wjmad,  where  the  movement  of  water  underground  must  bo  propor¬ 
tional  to  that  on  the  surface.  The  quartz  of  many  reefs,  as  far  as  is  disclosed  by 
the  old  excavations,  and  later  by  recent  workings,  particularly  in  the  Skull  reef, 
is  much  fis.sured  and  very  often  minutely,  and  even  in  part  continuously,  cavernous, 
or,  again,  quite  crumbling  and  rotten  from  having  been  so  largely  charged  with 
sulphides,  while  the  gold  left  is  generally  in  a  minute  state  of  division ;  and 
throughout  this  style  of  vein-stone  there  is  tolerably  free  percolation  of  water  in 
quite  sufficient  force  to  cany  off  minute  gold.  In  nearly  all  the  old  excavations 
which  I  examined,  and  some  of  these  are  at  the  base  of  the  Dayvallah  ridges, 
water  was  dripping  freely  from  the  exposed  surfaces  of  quartz.  Nearly  all  the 
long  outcrops  of  the  reefs  are  really  just  catch-surfaces  for  water ;  while  the  reefs 
themselves  and  their  clayey  selvages  must  be,  in  many  instances,  only  so  many 
channels  for  the  flow  of  water  through  the  zone  of  decomposed  rock.  Among 
other  modes  of  occurrence,  the  gold  is  found  in  empty  cavities,  once  also  occupied 
in  part  by  sulphides,  which  have  left  their  impressions  on  the  quartz  ;  or  it  is 
intimately  associated  with  sulphides  in  partially  filled  cavities ;  or,  again,  it  and  the 
sulphides  fill  up  such  hollows.  In  the  first  and  second  cases,  more  or  less  sul¬ 
phides  have  been  removed,  more  generally  by  solution,  but  still  to  some  extent 
mechanically ;  most  likely  as  fine  ochre.  The  gold  associated  with  these  was 
then  either  left  behind,  as  is  often  the  case,  or  it  might,  if  minute  enough,  have 
been  carried  along  with  the  solutions,  or  subsequently,  by  the  ever-recurring 
passage  of  water,  to  be  caught  again  in  favourable  hollows,  or  collected  in  and 
against  the  clayey  casing,^  or  gravitated  to  the  plane  of  constant  saturation,  or 
finally,  carried  out  altogether  by  springs  in  the  Ghats.® 

With  the  possibilily,  then,  of  such  a  secondary  distribution  of  part  of  the  gold, 
and  an  extreme  probability  of  encountering  more  or  less  disturbance  of  the  reefs, 
in  the  ground  within  the  reach  of  atmospheric  influences,  it  becomes  an  import¬ 
ant  question  how  far  those  influences  may  extend  beneath  the  surface,  or,  in 

'  Tlie  frequent  richness  of  casing  and  wall-rock,  though  generally  accounted  for  by  chemical 
action,  may  be  in  part  also  due  to  this,  as  it  were,  secondary  process  of  distribution ;  for  there  is 
free  gold  here  as  well  as  in  the  veins. 

^  For  some  interesting  remarks  upon  the  possible  removal  of  gold  by  solution,  see  Raymond’s 
Mining  Statistics  West  of  the  Rocky  Mountains  (1871),  p.  508. 
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other  words,  at  what  depth  tho  plane  of  constant  saturation  may  be  supposed 
to  lie.  It  may,  at  all  events,  bo  concluded  from  tho  old  excavations  in  the 
country-rock,  debris  of  which  is  still  frequently  found  at  their  mouths,  and 
from  the  lately  driven  tunnels,  which  were  mostly  in  tough  clay  (decomposed 
felspatliic  gneiss),  that  varied  decompositions  penetrate  throughout  a  great  por¬ 
tion  of  the  upland  country  to  the  level  of  lowest  drainage,  that  is,  occasionally  for 
300  feet ;  and  on  this  it  is  reasonably  inferrible  that  weathering  extends  nearly  as 
deep  again  in  the  neighbourhood  of  the  main  upland  streams,  and  far  inward 
horizontally  on  or  near  the  edges  of  tho  Ghiit  slopes.  Thus,  arguing  from  tho 
depth  to  which  these  influences  extend  on  the  upland,  I  should  be  inclined  to 
look  for  the  plane  of  constant  saturation  at  200  feet  below,  and  600  feet  inwards 
from,  the  level  of  the  edges  of  the  Ghats.  Further  inland,  the  vertical  depth 
might  bo  taken  at  100  feet. 

At  tho  same  time  it  is,  as  has  been  shown  by  the  late  success  of  tho  Prince  of 
Wales’  Company,  always  possible  that  rich  finds  may  be  met  with,  the  theory  of 
fitful  secondary  distribution  even  meeting  this  view  within  the  zone  of  variable 
decompositions ;  but  these  will  bo  at  the  best  but  of  importance  in  small  adven¬ 
tures,  such  as  those  which  have  up  to  tho  present  time  been  carried  on  in 
Wyuad. 

The  Alpha  Company  opened  up  a  large  quartz  ‘  boil,’  or  massed  assemblage 
of  veins,  called  the  Skull  reef,  not  far  from  the  site  of  their  machinery,  the  stone 
having  been  collected  partly  from  tho  surface,  and  partly  from  fresh  excavations 
in  the  old  mines  of  the  Korumbers.  An  adit  was  run,  without  any  careful  con¬ 
sideration  as  to  direction,  into  the  west  side  of  tho  hill,  with  tho  hope  that  the 
reef  might  be  cut  .somewhere  about  the  lowest  level  of  the  old  Korumber 
workings ;  but  this  was  abandoned  after  a  time.  This  excavation  showed,  at  any 
rate,  that  di’iving  will  not  bo  a  very  expensive  item  in  the  gold  industry,  as  the 
rock  is  veiy  largely  weathered  into  a  soft,  more  or  loss  felspathic,  clay,  with 
occasional  masses  of  undecomposed  rock ;  but  timbering  is  absolutely  necessary 
to  guard  against  the  very  frequent  slipping  of  this  clay.  Then,  as  there  had 
always  been  a  desire  on  the  part  of  the  Manager  (Mr.  Withers)  to  drive  at  the 
southern  outcrop  on  the  steep  slope  of  the  Ghat,  a  tunnel  was  run  in  for  a  short 
distance  at  ‘Wrights’  level,’  though  still  at  a  considerable  height  above  the 
limit  of  permanent  saturation,  and  well  within  the  range  of  atmospheric  influ¬ 
ences.  It  is,  however,  from  the  same  Wrights’  level  that  the  rich  stone  worked 
by  the  Prince  of  Wales’  Company  was  subsequently  obtained. 

The  want  of  success  in  the  operations  of  the  Alpha  Company  may  be  attri¬ 
buted,  I  think  in  great  part,  to  the  following  causes.  First,  bad  selection  of 
stone.  That  there  is  very  good  stone  in  the  reefs  of  the  Alpha  concession  is 
proved  by  the  later  crushings  of  the  Prince  of  Wales’  Company.  Second,  un¬ 
systematic  working  of  the  reef  or  reefs,  as  exemplified  in  the  fitful  manner  of 
taking  stone  from  open  quarries  at  the  surface  and  from  the  different  diifts,  accord¬ 
ing  as  fancy  led  the  authorities.  Certainly  better  returns  than  those  obtained 
might  have  resulted  from  one  steadily-pursued  tunnel  and  side  galleries ;  while 
they  could  not  have  been  worse  than  those  got  on  the  desultory  plan  of  working. 
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Third,  the  proper  amount  of  stone  was  never  either  mined  or  crushed  in  the 
time  estimated  for  a  paying  result.  The  engine  was  overestimated  in  its  power, 
and  the  15  stamps  were  never  worked  at  once ;  while  the  calculation  was  that, 
with  15  stamps,  15  tons  of  quartz  could  be  crushed  in  the  day’s  work.  As  it  is, 
according  to  the  returns  supplied  to  me  by  the  Alpha  Company,  I  find  that  had 
their  work  been  at  the  rate  originally  proposed,  even  under  their  small  general 
average,  the  working  of  the  mine  would  not  have  been  a  failure.  The  cost  of 
raising  and  crushing  769|  tons  of  quartz  was  Es.  2,971-0-5;  and  taking  the 
value  of  their  gold  at  Es.  45  per  oz,,  which  is  about  what  was  paid  for  it,  the 
amount  realised  on  91  oz.  12  dwts.  23  grains,  or  about  Es.  4,224-0-0,  leaves  a  value 
of  Es.  1,252-11-0  for  other  expenses,  besides  raising  and  crushing.  It  is  true 
that  parts  of  eight  months  were  occupied  in  this  crushing,  but  the  work  ought  all 
to  have  been  done  in  two  months  and  a  half,  reckoning  20  working  days  to  the 
month ;  and  had  the  work  been  properly  done,  it  is  almost  certain  that  the  cost  of 
raising  and  crushing  would  not  have  been  so  high  as  it  is  set  doum  in  their  table, 
the  average  cost  of  rai.sing  and  crushing  the  quartz  being  Es.  3-86  per  ton,  a  far 
too  high  rate  for  Wynad  mining. 

The  next  adventure  is  that  of  the  Wynad  Prospecting  Company,  -which  has 
been  carried  on  in  a  very  small  way  with  the  intention  of  making  preliminary 
trials  as  to  the  paying  capabilities  of  the  reefs.  The  works  are  situated  on  the 
edge  of  the  Carcoor  cherrum,  near  the  outfall  of  one  of  the  minor  streams  of  the 
Dayvallah  country,  so  as  to  take  advantage  of  the  water-power,  while  the  reefs 
worked  are  also  close  by.  In  the  case  of  this  undertaking  also,  the  mining  has 
not  been  systematic,  nor  has  it  been  carried  to  any  depth  in  the  hillside  or  dowm- 
ward.  Of  the  reefs  taken  up  by  this  Company,  the  Monarch  was  tried  by  a 
shaft  and  level  drift  run  into  the  eastern  side  of  the  hill  through  which  the  reef 
runs,  but  was  given  up  at  55  feet,  as  the  lode  was  not  struck,  as  had  been  expected, 
if  the  dip  of  the  reef  had  remained  constant.  Operations  ivere  then  confined 
to  the  Hamhn,  Bear,  Korumber  and  Etacull  reefs,  where  they  crop  out  on  the  edge 
of  the  Dayvallah  plateau,  or  at  the  toj)  of  the  northern  slope  of  the  Carcoor 
cherrum,  and  where  there  is  an  extraordinary  number  of  old  shafts  and  excava¬ 
tions  of  the  old  gold-diggers.  It  was  from  among  the  leaders  of  these  reefs,  in 
the  soft  decomposed  felspathic  gneiss,  that  lumps  of  quartz  with  visible  gold 
associated  with  nests  of  hmonite  were  obtained. 

The  Prince  of  Wales’  Tribute  Company  was  started  on  a  very  small  scale, 
perhaps  more  with  the  idea  of  keeping  the  gold  industry  before  the  public.  The 
mines,  machinery,  &c.,  of  the  Alpha  Company  were  taken  on  a  tribute  for  a 
certain  period,  and  operations  were  commenced  with  stone  from  the  old  quarries 
of  the  Alpha  works.  A  commencement  was  also  made  on  the  northern  extension 
of  the  Skull  reef  in  a  high  hill  between  the  works  and  Dayvallah  village,  but  the 
excavations  were  stopped  owing,  as  already  stated,  to  the  reef  not  being  struck 
at  the  expected  distance,  though  the  search  was  afterwards  resumed,  and  the  reef 
found  just  before  the  lease  had  expired.  However,  a  persistent  drive  at  Wrights’ 
level  resulted  in  a  find  of  rich  stone,  which  continued  to  give  good  results,  until 
March  last,  when  the  operations  were  discontinued. 
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The  capital  of  the  three  Companies  has  thus  been  expended  on  what  must  be 
considered  mere  scratchings  below  grass,  from  which  of  course  it  was  always 
possible  that  local  rich  finds  might  have  been  secured ;  as  it  is,  no  rich  shoot  of 
gold  was  struck  until  very  lately,  or  until  the  capital  and  patience  of  the  pioneer 
explorers  was  to  all  appearance  worn  out.  It  is  evident  however,  from  the  latest 
reports  of  the  working  of  the  Prince  of  Wales’  Company,  that  a  rich  vein  has  at 
length  been  struck,  which  may  in  its  continued  development  fulfil  all  the  promise 
of  this  new  gold  field. 

At  the  Alpha  works,  there  is  a  stamping  apparatus  of  15  stamps,  arranged 
in  three  batteries  of  the  ordinary  kind  used  in  Australia,  whence  this  one  was  also 
procured.  The  batteries  are  driven  by  a  15  (nominal)  horse-power  locomobile, 
the  fuel  for  which  is  obtainable  in  the  forests  close  by.  It  is  worthy  of  notice 
that  this  engine  has  never  worked  up  to  the  power  stated,  various  reasons  being 
given  for  this,  as  that  it  was  a  secondhand  English  engine  sent  from  Australia,  or 
that  the  fuel  was  damp,  both  of  which  reasons  are  presumably  fair.  There  is  no 
doubt  of  the  deterioration  of  fuel,  there  being  no  sheds  for  its  storage,  as  should 
be  the  case  in  a  climate  like  that  of  Wynad.  However,  I  am  firmly  convinced 
that  such  a  costly  item  as  fuel,  even  in  Wynad,  should  never  be  included  in  a 
scheme  for  working  the  gold  when  there  is  water-power  sufficient  for  the  purpose. 

From  the  batteries,  the  crushed  material  is  passed  over  copper’  tables, 
mercury  troughs,  and  blanket  tables,  after  which  the  tailings  are  treated  in  a 
pulveriser.  It  was  found,  however,  that  complete  extraction  was  not  effected 
in  the  pulveriser,  or,  as  it  might  more  properly  be  called,  amalgamating  pulveriser, 
for  much  float-gold  and  gold  associated  with  sulphides,  which  ought  to  have  been 
taken  up  by  the  mercury,  passed  away  with  the  slime.  A  reverberatory  furnace 
was  then  constructed,  in  which  the  tailings  were  roasted  and  again  pulverised, 
with  somewhat  better  results ;  though  even  after  this  a  perceptible  amount  of  gold 
could  always  be  shown  by  washing,  and  secured  by  hand-rubbing  with  sodium- 
amalgam.  It  was  at  the  same  time  found,  and  experience  in  the  other  workings 
has  since  verified  this,  that  sodium-amalgam  should  be  used  as  much  as  possible, 
instead  of  simple  mercury,  in  the  extraction  of  Wynad  gold.  In  the  pulveriser, 
the  tailings  ai’e  made  to  pass  between  the  grinding  wheels  and  the  bevelled  edge 
of  the  cu'cular  pan  in  which  they  revolve,  while  the  mercury  lies  at  the  bottom 
of  this  edge,  just  below  the  grinding  surfaces ;  and  thus  the  slime  and  sand  are 
only  ground  finer,  and  then  brought  in  contact  with  the  mercury  by  agitation 
alone,  which  is  not  sufficient  for  amalgamation  from  these  tailings,  considering 
that  they  are  so  largely  made  up  of  sulphides  and  other  ferruginous  impurities ; 
while  with  this,  the  mercury  is  so  liable  to  “flour”  and  become  granular,  and  thus 
incapable  of  taking  up  the  minuter  gold.  Continued  observation  and  experience 
show  that  a  process  analogous  to  hand-rubbing  in  the  washer’s  dish  is  necessary 
for  the  saving  of  minute  gold ;  hence  the  pulveriser  should  have  the  property 
of  grinding  the  slime  in  intimate  contact  with  the  mercury,  as  in  the  ordinary 

’  These,  tables  were  subseiiueutly,  as  tliey  should  have  been  in  the  first  instance,  costed  with 
sodium-amalgam. 
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‘  arrastro,’  or  else  a  rubbing  apparatus  should  succeed  it  in  the  process  of 
extraction. 

At  tho  time  of  my  last  visit,  the  Alpha  works  were  at  a  standstill,  several 
repairs  being  in  course  of  operation,  and  the  engine  waiting  for  some  fitting  to 
tho  boiler.  Tho  Manager,  however,  passed  several  samples  of  ordinary  burnt 
tailings  through  the  hand-process  which  clearly  showed  gold,  only  part  of  which 
was,  however,  taken  up  by  even  tho  sodium-amalgam,  and  there  was  always  colour 
of  gold  to  the  last  of  tho  rubbing. 

The  works  of  the  Wynad  Prospecting  Company  are  planted  a  short  distance 
down  the  slope  of  tho  Carcoor  cherrum,  and  a  wire  rope,  some  400  feet  long,  is 
stretched  from  tho  entrance  of  the  galleries  to  tho  works,  along  which  tho  baskets 
of  vein-stuff  are  shot  to  a  kiln,  where  the  stone  is  bm-nt  prior  to  being  the  more 
easily  broken  up  and  tipped  into  tho  feed-box.  Tho  machinery  consists  of  a 
Husband’s  pneumatic  stamper,  driven  by  a  turbine  having  a  fall  of  about  thiity 
feet  of  water,  and  capable  of  crushing  half  a  ton  in  eight  hours,  tho  working 
of  these  being  remarkably  easy  and  constant,  requiring  only  such  care  as  a  well- 
trained  native  and  his  assistants  can  give.  Prom  the  stamping  box,  the  fine 
sandy  slime  passes  over  a  series  of  two  amalgamated  copper  tables,  with  a 
mercury  trough  at  the  end  of  each,  whence  it  flows  by  a  spout  to  the  top  of  the 
hollow  vertical  shaft  of  a  gidnding  concentrator.  The  bottom  of  this  shaft  is 
screwed  into  a  muUer  (continuously  hollow  with  the  shaft),  or  inverted  truncated 
cone,  revolving  inside  of  a  fixed  pan,  the  lip  of  which  is  level  with  the  upper 
edge  of  the  muller.  After  passing  down  tho  shaft,  the  stuff  is  ground  only  in 
a  very  inefficient  manner  in  tho  pan  and  then  agitated,  but  not  rubbed  inti¬ 
mately  with  the  mercury,  which  lies  at  the  lowest  level,  or  out  of  reach  of  the 
grinding  surfaces.  This  defect  might  certainly  be  obviated  to  some  extent  by 
filling  up  tho  pan  with  a  sufficient  quantity  of  mercury ;  but  this  was  not  found 
practicable  at  these  works ;  indeed,  this  apparatus  was  found  to  be  of  so  little 
use  either  in  grinding  or  concentration,  that  its  employment  was  discontinued. 
To  a  certain  extent,  as  its  name  implies,  this  machine  is  a  concentrator ;  for  the 
gold  and  the  auriferous  sulphides  must,  perforce,  remain  at  the  bottom  of  the 
pan  longer  than  the  rest  of  tho  crushed  material,  which  is  caiaded  away  by  the 
water ;  and  in  this  way  fi’cer  scope  is  given  for  amalgamating,  but  effectual 
amalgamation,  as  far  as  Wynad  gold  is  concerned,  is  not  secured  by  such  poor 
grinding  and  agitation. 

There  is  hero,  in  fact,  very  much  the  same  defect  as  in  the  Alpha  machinery ; 
in  both  cases  there  is  a  machine  which  was  expected  to  grind  and  amalgamate, 
but  the  grinding  is  only  well  done  in  tho  Alpha  pulveriser,  while  no  effectual 
amalgamation  takes  place  in  cither  apparatus.  Prom  the  pan  tho  stuff  passes 
over  a  further  copper  table  into  a  transverse  trough,  with  a  fm-ther  and  last 
supply  of  mercury.  A  horizontal  pipe,  tho  under-surface  of  which  is  perforated, 
runs  along  near  tho  bottom  of  this  trough ;  water  is  turned  on  through  the  pipe 
with  considerable  force,  and  by  its  rush  among  tho  materials  at  the  bottom  a 
violent  agitation  is  caused,  tho  lighter  sand  is  driven  off,  and  a  partial  concen¬ 
tration  is  effected  in  contact  with  the  mercury.  Beyond  this,  a  further  series 
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of  sloping  buddies  and  riffled  troughs  intercept  the  suljohides,  until  tbe  tailings 
finally  fall  into  the  catch-pit.  Here,  also,  it  was  found  necessary  to  construct 
a  furnace  for  the  roasting  of  the  tailings,  which  were  again  passed  througb  tbo 
whole  process,  commencing  with  the  stamping  box ;  the  results  wore  not  satisfac¬ 
tory,  though  the  tailings  clearly  showed  an  appreciable  quantity  of  gold,  much 
of  which,  however,  could  not  be  saved  by  the  apparatus  provided.  As  usual, 
hand-grinding  and  amalgamation  gave  the  best  returns ;  and  thus  it  is  evident 
that  a  rubbing  machine^  is  required,  in  addition  to  a  pulveriser.  Two  assays 
of  hand-groimd  tailings  from  the  reverberatory  fuimace  wore  very  satisfactory, 
giving  averages  of  11’66  dwts.  and  6T2  dwts.  to  the  ton.  Such  roasted  tailings 
as  I  saw  at  these  works  were  all  so  stony  and  slaggy,  that  they  appeared  to  have 
been  rather  smelted  than  roasted,  and  were  quite  as  hard  as  the  original  vein-stone. 
Authority  on  this  point  appears  always  to  indicate  a  bright  red  heat  as  the  limit 
of  roasting,  and  that  the  roasted  material  can  be  broken  up  without  such  force 
being  I’equired  as  that  of  the  stamper ;  though  of  course  it  should  be  submitted 
to  this,  in  order  to  reduce  it  sufficiently  for  the  pulveriser.  It  is  also  advised  ® 
that  the  tailings  should  be  freely  exposed  to  the  action  of  the  atmosphere  for  some 
months  in  thin  layers,  and  not  piled  up  in  pits,  as  is  the  case  in  the  Wynad  works- 

The  Prince  of  Wales’  Company,  as  already  stated,  made  use  of  the  Alpha 
mill ;  but  fortunately  the  stone  raised  was  rich  enough  to  dispense  with  extra¬ 
ordinary  care  in  the  concentration  and  amalgamation,  which  hardly  could  have 
been  arranged  in  the  time  allowed  during  the  lease,  or  with  the  small  capital 
at  their  disj)Osal.  Under  this  administration  it  was  found  that  the  working- 
power  of  the  driving  engine  was  only  sufficient  for  the  crushing  of  seven  tons 
per  diem,  or  about  half  the  rate  originally  calculated  on. 

The  following  tables  are  from  the  published  returns  of  the  Companies,  or 
from  returns  w'hich  have  been  supplied  to  mo  by  the  Managing  Directors ;  and, 
from  my  personal  knowledge  of  all  the  gentlemen  concerned,  I  believe  that  they 
have  furnished  these  returns  with  a  firm  determination  to  let  the  true  tale  of 
their  efforts  be  known.  Until  lately,  all  these  efforts  haA^e  been  unattended  with 
the  success  they  deserved,  and  no  gain  has  been  made,  except  by  the  latest  adven¬ 
ture,  which  has  had  the  enormous  advantage  of  working  with  machinery  ready 
at  hand.  So  far,  the  work  of  the  latter  Company  has  been  crowned  with  what 
may  be  called  a  success;  for,  in  November  last,  50  tons  gave  an  average  of  over 
11,  while,  in  Decembei’,  50  tons  gave  an  average  of  17  pennyweights,  thus  showing 
a  decided  tendency  in  the  quartz  to  come  up  to  my  avei’age,  if  not  to  exceed  it. 

In  the  beginning  of  this  papoi’,  the  average  percentage  of  gold  is  given  for 
all  the  quartz  crushed,  which  is  really  the  truest  test  of  the  capabilities  of 
a  gold-field ;  otherwise,  between  isolated  and  short  operations  of  particular 
adventures,  where  can  a  lino  be  drawn  from  which  an  average  should  be  reck¬ 
oned  ?  But  this  generalisation  for  a  whole  field  is  obviously  unfair  to  an 

'  Such  a  uiiicliino  is  clescrihcd  iu  the  last  edition  of  Kaymoud’s  Milling  Statistics  Vi'est  of  the 
Rocky  Mountains. 

^  Quartz  Operator’s  Hand-hook,  Randall,  New  York,  1871. 
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adventure  which  has  given  averages,  for  largo  quantities  of  stone,  exceeding 
those  attained  in  the  earlier  trials.  I  would  therefore  here  record  a  few  data 
regarding  the  operations  of  each  of  the  Companies,  collated  from  their  tables 
so  that  the  good  points  in  each  may  be  calmly  weighed  against  the  general 
average  refeiTcd  to. 

The  Alpha  Company  crushed,  in  about  eight  months,  oidy  769’5  tons  of  quartz 
at  a  cost  of  Rs.  2,971-6-0  for  raising  and  crushing,  and  obtained  91  oz.  12  dwts. 
12  grains  of  gold,  giving  an  average  of  2'27  dwts.  This  work,  according  to  the 
original  estimate  of  15  tons  per  diem,  ought  to  have  been  done  in  two  months 
and  a  half,  reckoning  20  working  days  in  the  month. 

The  Prospecting  Company  crushed  99'85  tons,  cost  not  given,  in  about 
eight  months,  and  obtained  14  oz.  19  dwts.  19  grains,  or  an  average  of  3  dwts.  At 
half  a  ton  a  day,  the  working-power  of  their  stamper,  this  is  a  fair  rate  of  work. 

The  Prince  of  Wales’  Company  crushed  322'66  tons  in  a  little  over  six 
months,  cost  not  stated,  and  obtained  164  oz.  17  dwts.  6  grains  of  gold,  or  an 
average  of  10'5  dwts.  Such  work  ought  to  have  been  done  in  a  little  more  than 
a  month  with  the  Alpha  machinery  at  the  originally  estimated  rate. 

The  average  cost  of  raising  and  crushing  one  ton  of  quartz  by  the  Alpha 
Company  was  Rs.  2  and  Rs.  1‘85  respectively.  Under  the  Prince  of  Wales’ 
Company,  the  charge  for  mining  was  Rs.  4T5,  and  supposably  the  same  rate 
for  crushing  as  with  the  Alpha.  In  both  cases,  these  rates  are  far  too  high.  No 
returns  have  been  supplied  as  to  these  charges  with  the  Prospecting  Company ; 
but,  from  the  experimental  way  in  which  the  trials  were  made,  the  cost  of  raising 
was  probably  higher  than  in  either  of  the  other  adventures,  while  that  of  crush¬ 
ing  must  have  been  proportionally  low,  considering  that  water  is  the  motive- 
power  employed. 

In  all  cases,  time  has  been  the  most  expensive  item ;  the  charges  for  super¬ 
intendence,  pay  of  engine-drivers,  permanent  hands,  and  live-stock  are  far 
beyond  any  estimate  which  might  have  been  proposed.  Por  instance,  in  the 
account  of  expenditure  of  one  Company,  the  charges  for  these  amount  to 
Rs.  3,942-12-10  in  nine  months,  when  the  whole  transaction,  if  properly  organised 
and  systematically  carried  on,  even  allowing  for  the  delay  consequent  on  putting 
the  machinery  in  order,  should  have  occupied,  at  the  most,  only  half  this  time. 

TABLE  I. 


Memo,  of  eight  months’  ermhing,  Alpha  Gold  Company  Limited. 


Month- 

Quartz 

crushed. 

Total  yield. 

Average  yield. 

Cost  of  raising. 

Cost  of  crushing. 

Totad. 

1875. 

Tons. 

oz.dwts.grs. 

oz.dwts.grs. 

Es.  A.  P. 

Rs.  A.  P. 

Es. 

A. 

P. 

September  . . . 

99 

8  12  0 

0  1  17 

172  0  0 

126  1  6 

298 

1 

6 

October 

40 

8  0  0 

0  4  0 

176  9  6 

170  15  6 

347 

9 

0 

JMovember  ... 
December 

]  2G9 

24  5  12 

0  1  19 

291  14  0 

314  3  6 

606 

1 

6 
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TABLE  I, — continued. 

Memo,  of  eight  months’  crushing,  Alpha  Gold  Company  Limited — continued. 


Month, 

Quartz 

crushed. 

Total  yield. 

Average  yield. 

Cost  of  raising. 

Cost  of  crushing. 

Toiai. 

1876 

Tons. 

oz.  Awts.grs. 

oz.dwts.grs. 

Rs. 

A. 

P. 

Es. 

A. 

P. 

Bs. 

A. 

P. 

January 

175 

22  14  0 

0  2  14 

293 

4 

6 

269 

0 

6 

562 

5 

0 

February 

170 

17  12  10 

0  2  1 

328 

8 

0 

368 

3 

0 

696  11 

0 

March 

20 

3  19  15 

0  4  0 

182 

5 

0 

116 

3 

0 

298 

8 

0 

November*  ... 

6  9  10 

0  19  22 

97 

2 

0 

65 

0 

0 

162 

2 

0 

Total  ... 

769^ 

91  12  23 

0  2  9 

1,541 

11 

0 

1,429 

11 

0 

2,971 

6 

0 

’  Crushed  at  the  works  of  the  Prospecting  Company. 


TABLE  II. 


Memo,  of  ernshings,  Wy7idd  Prospecting  Company’s  works. 


No.  of 
trial. 

Date  of  cleaning  up. 

Weight  of  stone 
crushed. 

Yield  of  gold. 

Rate  per  ton. 

Remarks. 

1876. 

Cwt.  qrs.  lbs. 

oz.dwts.grs. 

oz.dwts.grs. 

1 

5th  October  ... 

44 

0 

0 

0 

9  17 

0 

4  10 

2 

30  th  „ 

420 

0 

0 

2 

17  21 

0 

2  18 

3 

11th  November .. 

500 

0 

0 

3 

6  6 

0 

2  15 

5 

29th 

185 

0 

0 

0 

9  4 

0 

1  0 

Not  passed  through  amal- 

6 

gamator. 

4th  December. . . 

35 

0 

0 

1 

3  1 

0 

16  0 

Picked  stone ;  cost  Es.  15 

per  ton. 

7 

23rd 

350 

0 

0 

0 

16  16 

0 

1  0 

Not  passed  through  amal- 

8 

gamator. 

28th  „  ... 

40 

0 

0 

0 

4  3 

0 

2  13 

Stone  rejected  in  trial  No. 

6, 

1877. 

9 

6th  January  ... 

175 

0 

0 

0 

8  13 

0 

1  0 

Not  passed  through  amal- 

10 

gamator. 

9th  April  ... 

150 

0 

0 

0 

2  6 

t  >• 

Hand-ground ;  burnt  tail- 

ings. 

11 

21st  August  ... 

140 

0 

0 

3 

15  0 

•  •  t 

Mr.  Withers’  vvork  and 

selection. 

12 

25th  September .. 

90 

0 

0 

0 

9  16 

■  •  1 

Tailings  from  No.  11  not 

burnt. 

13 

14th  October  ... 

108 

0 

0 

0 

19  12 

0 

3  15 

Jacob,  carpenter’s,  work ; 
cost  Es.  7  per  ton. 

1,997 

0 

0 

14 

19  19 

0 

3  0 
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TABLE  III. 


Memo,  of  assays,  Wyridd  Prospectiyig  Company’s  worJcs. 


Assays  ob- 

TAlLIlfGS. 

Assays, 

VARIOUS. 

Weight. 

Yield  per  ton. 

Remabss. 

Wfrtglit. 

Yield  per  ton. 

Remarks. 

lbs. 

OZ, 

dwt. 

grs. 

lbs. 

OZ. 

dwt. 

grs. 

22 

0 

6 

7 

Cateb-pit, not  burnt... 

112 

0 

9 

0 

Average  of  200-ton 

heap,  English  assay. 

12 

0 

3 

21 

Cateb-pit,  burnt 

0 

0 

0 

0 

10 

0 

4 

20 

Blanket,  not  burnt  ... 

10 

0 

9 

8 

Same  stuff.  Withers’ 

assay. 

10 

0 

4 

18 

Buddie,  burnt 

10 

0 

2 

9 

Same  stuff,  Korumber’s 

40 

0 

11 

16 

Reverberatory  furnace. 

assay. 

band-ground 

5 

1 

3 

0 

Eorumber's  assay. 

112 

0 

3 

8 

Reverberatory  furnace. 

Bear  reef  No.  2. 

not  ground 

5 

0 

10 

0 

Korumber’s  assay, 

112 

0- 

6 

3 

Reverberatory  furnace, 

Bear  reef  No.  1. 

band-ground 

18 

0 

2 

12 

Korumber's  assay. 

1 

0 

1 

7 

Blanket  tailings,  Eng- 

sand  from  trials. 

lish  assay 

9 

2 

5 

0 

1 

0 

1 

6 

Catch-pit  tailings,  Eng- 

lisb  assay 

27 

1 

0 

0 

1 

TABLE  IV. 

Memo,  of  criishings,  Sfc.,  Prime  of  Wales’  Company  Limited. 


MoiriH. 

Quartz 

crushed. 

Total  yield  of 
gold. 

Average  yield 
per  ton- 

Total  cost  of 
mining. 

Average  cost  of 
mining  1  ton. 

Averasre  cost  of 
crushing  1  ton. 

1877. 

Tons. 

oz.  dwt.  grs. 

oz.  dwt.  grs. 

Rs.  A. 

P. 

Rs.  A.  P. 

Es.  A.  P. 

August  17th  ... 

4 

September 

^104-66 

14 

10 

0 

0  2 

18-5 

362  7 

0 

3  7  8 

1  13  9* 

October  i3tb  ... 

November 

12-00 

1 

6 

12 

0  2 

5 

j  310  13 

6 

5  0  2 

Ditto 

50-00 

29 

9 

0 

0  11 

19 

December 

50-00 

41 

6 

0 

0  16 

12-25 

1 

1878. 

[ 

f  926  12 

6 

5  14  8 

January 

104-00 

77 

9 

18 

0  14 

21-6 

! 

February  22nd. . . 

2-00 

0 

16 

0 

0  8 

0 

J 

Total  ... 

322-66 

164  17 

6 

0  10 

12 

1,600  1 

0 

4  15  4 

1  13  9 

oz.  Rs.  A.  P. 


Specimens  of  gold  in  quartz  sold  in  November,  about  ...  4'35  175  0  0 

Ditto  ditto  December,  „  ...  4  156  4  0 

Ditto  ditto  Jany.  &  Feby.  „  ...  23  920  0  0 

Average  price  of  gold  from  enrsbings,  per  ounce  .  41  10  8 


*  rresumed  averace,  taken  from  Table  \,  of  Alpha  Company’s  results. 
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Notes  ON  the  Representatives  of  the  Upper  Gondwana  Series  in  Trichinopoly 
AND  Nelloeb-Kistna  DISTRICTS,  BY  R.  Bkuce  Poote,  F.G.S.,  Qeologioal  Sur- 
veij  0^  India. 

The  following  notes  on  the  most  southerly  group  as  yet  known  of  “plant  beds” 
belonging  to  the  upper  division  of  the  great  Gondwana  series,  will  be  found  to 
su23plemont  very  considerably  the  information  given  by  Mr.  H.  P.  Blanford  about 
the  “Ootatoor  plant  beds”  in  his  very  interesting  Memoir  “ On  the  Cretaceous 
and  other  Rocks  of  the  South  Arcot  and  Trichinopoly  Districts.”* 

These  beds,  wliich  crop  out  from  below  the  western  boundary  of  the  main 
area  of  the  cretaceous  rocks,  were  worked  out  by  Mr.  H.  P.  Blanford  when  in 
charge  of  the  Madras  Party  of  the  Geological  Survey  of  India  in  the  year  1858, 
1859  and  1860.  They  were  re-examined  by  me  in  the  autumn  of  last  year  (1877), 
with  the  object  of  comjiaring  them  more  closely  with  the  various  other  groups  of 
rocks  of  similar  age  which  had  since  then  been  mapped  during  the  jirogress  of  the 
Survey  work  northward,  along  the  coast,  into  the  Godavari  valley. 

The  j)lant  remains  which  characterise  these  beds,  and  the  discovery  of  which 
first  led  to  the  separation  of  the  “jilantbeds”  from  the  overlying  lithologically 
similar  cretaceous  series,  were  discovered  by  the  late  Mr.  Charles  jSH.  Oldham,  to 
the  east  of  Ootatoor  vUlage,  and  were  shortly  afterwards  recognised  by  Dr. 
Oldham,  then  Superintendent  of  the  Geological  Survey  of  India,  as  identical 
(in  part)  with  the  species  occurring  so  numerously  in  the  Rajmahal  beds  of 
Bengal,  and  with  some  of  the  fossil  plants  discovered  in  the  oolitic  beds  of  Cutch. 

The  Ootatoor  plants  were  mostly  referred  to  the  genus  Palaiommia,  one  of  the 
Cycadeous  family ;  and  this  is  the  only  name  mentioned  by  Mr.  Blanford,  jircsum- 
ably  because  none  of  the  others  had  then  been  determined.  The  plants,  though 
often  so  favourably  fossilised  that  very  delicate  markings  are  perfectly  preserved, 
are  almost  always  very  fragmentary  in  character — often  mere  shreds  of  the  original 
plants. 

The  beds  occm*  in  six  small  detached  patches,  which  all  rest  directly  on  the 
very  uneven  surface  of  the  gneiss,  and  form  a  line  running  north-oast-by-north  to 
south- west-by-south,  the  extreme  ends  of  which  are  fifteen  miles  ajiart. 

As  Mr.  Blanford  has  given  but  Httlo  detailed  information  as  to  the  variety  of 
beds,  the  following  sections  will  bo  found  useful  for  comparison  with  other 
sections  elsewhere.  Lists  of  the  fossils  obtained  by  me  will  also  be  given  further 
on. 


I. — Sections  op  the  Naicoedm  Patch. 
Section  No.  1  (in  descending  order). 

15.  Brown  and  purple  sandstone.?  with  obscure  plant  remains. 
14.  Clays  and  shales,  buff,  light-brown 
13.  Ditto  ditto,  drab,  white  and  buff  _ 

12.  Sandy  shale,  hard,  puiple  and  brown. 

11.  Shales  and  clays,  buff  and  whitish,  with  kunkur. 

10.  Shales,  gritty,  ferruginous. 


[■beds,  rolling. 


’Memoirs  of  tlie  Geological  Survey  of  India,  Vol.  IV,  I’t.  1,  1. 
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9.  Shales,  gritty,  with  fine  clay  in  nests. 

8.  Ditto  ditto,  huff,  drah  and  white,  with  reddish  yellow,  gritty  partings. 

7.  Ditto  sandy,  grey  and  drah,  with  clay  galls. 

6.  Ditto  ditto,  grey,  white  and  huffy. 

5.  Sandstones,  micaceous,  grey,  reddish,  thick-hedded,  dip  10°  to  12°  east. 

4.  Shales  sandy,  white  dnib,  grey. 

3.  Ditto  ditto,  huff,  drah,  red,  dip  45°  north-east. 

2.  Gritty  beds,  with  much  kunkur. 

1.  Silt,  clayey,  mottled  white  aud  red. 

Gneiss. 

This  section  extends  over  a  distance  of  900  paces  along  the  lane  running  east  from 
Naicolum  village. 

Section  No.  2. 

10.  Shales  and  clays,  micaceous,  grey,  white,  drab,  pale  buff,  brown,  with  phuit 
remains. 

9.  Shales,  gritty,  brown. 

8.  Ditto,  micaceous,  drab. 

7.  Clays,  white,  grey. 

6.  Grits,  micaceous. 

5.  Shales,  gritty,  micaceous,  with  kunkur. 

Gap  in  section. 

4,  Grit,  hard,  grey,  calcareous, 

3.  Shales,  grey  aud  white. 

2.  Grit,  brown. 

1.  Boulder  bed. 

Gneiss. 

This  section  is  seen  in  the  small  rain  gully  running  north-east  from  the  extreme 
southernmost  point  of  this  plant-bed  area.  The  few  plant  remains  found  in  this 
section  were  all  obtained  in  Ko.  10.  Amongst  these  were  a  fairly  well  preserved 
Biiecimcn  of  part  of  a  frond  very  nearly  allied  to  (if  not  identical  with)  Otozamites 
abbrematus  and  a  pinnule  of  Ptilogfiyllimi  acutifolium.  The  other  plant  remains 
were  undeterminable,  grassy-looking  stalks.  Mr.  H.  If.  Blanford  describes  the 
plant  beds  here  as  abounding  in  Zamias,  so  probably  he  had  the  good  luck  to 
hit  upon  particular  beds  rich  in  fossils  which  escaped  me,  though  I  searched  veiy 
carefully  for  them.  His  description  gives  no  clue  as  to  what  part  of  the  series  he 
found  the  fossils  in. 

From  section  Ho.  1,  I  obtained  nothing  recognisable  on  cursory  examination, 
and  was  prevented  by  bad  weather  from  making  a  closer  search. 

II. — Sectioks  in  the  Ootatook-Teeany  Patch. 

Both  ends  of  this  patch  of  the  plant  beds  proved  themselves  rich  in  fossil 
remains,  representing  a  considerable  number  of  genera  characteristic  of  the 
Ilajmahal  flora.  The  following  section  Ho.  3  gives  a  good  idea  of  the  succession 
of  beds  in  the  southern  part  of  the  patch  : 

Section  No.  3. 

23.  Gritty  sandstones,  grey,  massive. 

22.  Ditto,  coarse,  ferruginous,  purple  to  brown,  rolling. 
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21.  Gritty  sandstones,  and  shales,  grey,  alternating. 

20.  Ditto,  buff  and  drab,  false  bedded. 

19.  Ditto,  grey  and  whitish  grey,  flaggy. 

18.  Shales,  gritty,  grey,  drab. 

17.  Gritty  sandstones,  coarse,  ferruginous. 

16.  Ditto,  buff,  false  bedded. 

15.  Ditto,  grey,  drab. 

14.  Shales,  sandy,  drab. 

13.  Ditto,  white,  grey,  huffy. 

12.  Gritty  sandstones,  brown,  flaggy,  with  a  few  pebbles. 

11.  Ditto,  false  bedded. 

10.  Conglomerates  and  sandstone  (local),  with  red  clay  in  galls  and  lenticular 
patches. 

9.  Pebble  and  boulder  bed  (local). 

8.  Sandstone,  gritty,  buff,  brown. 

7.  Ditto,  ferruginous. 

Small  fault. 

6.  Grit,  shaley,  drab. 

5.  Conglomerate,  gritty,  ferruginous,  enclosing  gneiss  pebbles. 

4.  Grit,  fine  light-colored,  enclosing  boulders. 

3.  Ditto,  coarse,  fcn-uginous. 

2.  Ditto,  fine  bedded,  shaley,  brown,  buff,  pinkish. 

1.  Boulder  bed. 

Gneiss, 

The  direction  of  this  section  is,  roughly  speaking,  from  west-south -weat' to  east- 
north-east,  and  the  length  about  one-third  of  a  mile.  The  dip  is  easterly,  but  shifts 
several  points  northward  and  southward  with  the  rolling  of  the  beds.  The 
average  dip  is  from  12®  to  15,®  but  varies  a  good  deal  in  parts.  The  plant 
remains  were  mostly  obtained  from  beds  Nos.  13  and  14,  but  a  few  also  from  a 
thin  bed  of  clayey  red  sandstone,  a  little  distance  south  of  the  section  locally 
underlying  No.  11. 

The  fossils  obtained  at  the  Terany  end  of  this  patch  of  i^lant  beds  were  found 
in  the  materials  excavated  in  sinking  two  new  hoturies  in  the  paddy  flat  im¬ 
mediately  east  of  the  villages.  As  the  beds  are  nearly  horizontal,  their  base  is 
obscured  by  the  water  in  the  wells ;  but  they  are  probably  low  down  in  the  series, 
as  they  lie  close  to  the  gneiss  boundary. 

The  fossiliferous  rock  is  a  fine  shaley  micaceous  sandstone  of  deep  buff  coloui’, 
and  unfortunately  rather  friable,  so  that  the  impressions  of  the  plants  are  very 
easily  effaced.  They  will  be  enumerated  further  on. 

III. — The  (Katjeat)  Kaei  Patch, 

A  good  section  of  the  western  end  of  this  patch  is  formed  by  a  nullah  which 
-drains  into  the  tank  north-east  of  Terany. 

Section  No.  4. 

16.  Grit,  purple  (overlaps  on  to  the  gneiss). 

15.  Shales,  drab  and  buff  and  grey,  mottled. 

14,  Ditto,  s.andy,  buff,  with  large  concretions. 
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13.  Grit,  with  band  of  calcareous  concretions,  some  quite  gritty. 

12.  Shales,  grey  and  huff. 

11.  Ditto,  buff,  reddish,  with  gritty  partings,  locally. 

10.  Grit,  hard,  purple,  browm. 

9.  Calcareous  concretions,  band  of,  with  much  kunkur. 

8.  Shales,  sandy  or  clayey,  buff,  yellow,  grey,  white. 

7.  Grit,  hard,  purple,  orange. 

6.  Shales,  clayey,  grey,  white,  with  bands  of  ferruginous  concretions. 

6.  Grit,  hard,  purple,  brown. 

4.  Ditto,  mottled  (with  gneiss  pebbles). 

3.  Ditto  hard,  thin-bedded,  orange  and  purple. 

2.  Shales,  clayey  and  sandy,  grey,  mottled,  with  s.andstone  partings. 

1.  Grit,  semi-compact,  mottled,  purple,  buff,  orange,  grey  and  white,  with  fragments 

of  felspar,  ferruginous  concretions,  and  much  kunkur. 

Gneiss. 

Tlio  succession  of  the  hods  in  the  upper  or  northern  part  of  the  section  is  obscure, 
but  they  seem  to  succeed  each  other  regularly,  and  to  abut  against  the  gneiss, 
which  hero  rises  in  a  steep  bank.  The  mineral  character  of  the  different  beds 
changes  so  rapidly,  that  it  is  Tery  difficult  to  trace  them  with  certainty  where  the 
sections  arc  not  very  clear  and  distinct. 

A  little  to  the  east  of  the  above  section  the  basement  bod  is  of  a  biught  blood-red 
withgrey  and  white  .specklings,  and  the  representative  of  No.  3  on  rich  red  or  purple 
srrit.  The  boulder  bod,  so  characteristic  elsewhere,  does  not  occur  in  this  section. 

Fossils  are  not  numerous  in  this  part  of  the  Kari  patch ;  the  only  one  found 
bv  me  was  a  rather  fine  frond  of  Otozamites,  procured  from  the  buff  shale  bed 
No.  8. 

IV. — The  CooDiCATJD-Kur.LrAUDT  Patch. 

The  greatest  development  of  the  boulder  bed  at  base  of  the  plant  series  is  to 
be  seen  to  the  north-west  of  Coodicaud,  and  hero,  as  near  Ootatoor,  the  included 
boulders  are  greatly  decomposed.  The  spaces  between  the  boulders  are  occupied 
by  a  fine  silt  of  buff  or  brownish  yellow  colour.  The  following  section  of  the 
lower  part  of  the  series  was  observed  in  a  I’ain  gully  east  of  lyalur  (Aiyalui’)  : 

Section  No.  5. 

6.  Grit,  greenish,  yellow. 

6.  Ditto,  ditto  and  drab. 

4.  Limestone,  coarse  concretionary,  dull-brown,  with  badly  preserved  traces  of  plants. 

3.  Grit,  buff. 

2.  Grit,  silty,  buff,  with  much  kunkur. 

1.  Boulder  bed,  with  buff' silt. 

The  impressions  of  plants  in  the  limestone  are  not  recognisable.  The  becks  roll 
about  at  low  angles,  but  have  a  general  low  clip  south-eastward.  The  upper  bed 
is  covered  by  cotton  soil,  wffiich  extends  for  a  considerable  distance  eastward. 
Further  to  the  north-east  the  pilant  series  is  more  fully  exposed  in  numerous  deep 
rain  gullies,  and  shows,  as  pointed  out  by  Mr.  Blanford,  “  alternations  of  mica¬ 
ceous  shales  and  grey  sandstones  and  grits  with  great  gritty  calcareous  concretions.” 
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The  dif)  is  eastward  or  nor’th-eastward  at  angles  from  8°  or  10°  up  to  15°  and  20.° 
Plant  remains  are  rare ;  Mr.  Blaiiford  failed  to  find  any,  hut  Mr.  Oldham  was  more 
fortunate  ;  and  I  too  succeeded  in  finding  some  in  two  beds.  In  the  first  case,  the 
matrix  was  a  rather  coarse  friable  micaceous  shale,  and  the  remains  neithci' 
characteri.stic  nor  preservable.  In  the  second  case,  a  fine-grained,  rather  soft, 
huffy-brown,  sandy  shale  near  the  base  of  the  series  yielded  well  preserved,  but 
fr’agmentary,  remains  of  Pterophylluin  sp.,  of  PtdopliyTLum  ciitchcnse  ?  and 
Angiopteridium  spaihulatum,  besides  a  Cycadeous  (.*'),  fririt  and  stalk-like  frag* 
ments. 

V. — The  Disputed  Beds  at  Maravatur. 

According  to  Mr.  H.  F.  Blanford’s  views,  no  true  plant  beds  occur  northward 
of  the  Coodieaud-Kullpaudy  patch  just  described,  but,  according  to  Dr.  Oldham’s 
views,  another  patch  of  them  occurs  about  a  mile  to  the  north  of  Maravatur 
(Moraviatoor  of  Sheet  79).  Mr.  H.  F.  Blanford  contended  strongly  that  the 
latter  beds  were  really  of  cretaceous  age,  though  petrologically  very  like  the  true 
plant  beds  further  south ;  and  based  his  contention  mainly  on  the  fact  that  he 
could  “  not  find  any  remains  of  plants,”  while  the  stratigraphical  relations  of  the 
disputed  beds  and  the  overlying  Ootatoor  beds  appeared  to  indicate  conformity 
and  true  sequence.  Dr.  Oldham,  on  the  other  hand,  insisted  that  he  had  dis¬ 
covered  true  Rajmahal  plants  in  these  disputed  beds  in  1859,  and  again  when  he 
revisited  the  place  in  1861. 

The  results  I  obtained  after  a  most  careful  examination  of  this  disputed  patch 
of  ground  compel  me  to  adhere  to  Dr.  Oldham  s  view,  that  it  is  an  extension  of 
the  true  plant  beds.  Plant  remains  do  uncjuestionably  occur  in  several  of  the 
beds  near  the  gneiss,  together  with  impressions  and  casts  of  a  small  bivalve 
shell.  The  plant  remains  are,  it  is  true,  very  ill  preseiwed  and  quite  fragmentary, 
but  patient  searching  yielded  a  number  of  specimens  which  admit  of  approxi¬ 
mate  determination ;  and  these  represent  some  of  the  commonest  forms  in  the 
undisputed  plant  beds  of  Terany  and  Ootatoor.  Had  I  not  found  these  plant 
remains,  I  should  have  sided  with  Mr.  Blanford,  for  the  stratigraphical  evidence 
of  a  break  is  wanting. 

The  fossil  plants  that  are  recognisable  in  the  specimens  1  obtained  are  various 
fronds  of  Angiopteridium,,  a  fragment  of  a  fern  very  near  to  Sphempteris,  and 
fragments  of  Ptilophylhm,,  Maerotemiopteris  ovata  (?),  and  Bktyozamites.  I  have 
sent  up  19  specimens  of  plants  in  all  to  our  Museum  from  Maravatur,  and  should 
have  sent  many  more  but  that  they  had  crumbled  into  dust,  owing  to  the  cases 
they  were  packed  in  having,  together  with  much  of  my  most  valuable  luggage,  as 
despatch-box,  book-box,  gun-case,  &c.,  been  soaked  in  a  tank  for  some  while  through 
the  cleverness  of  a  cartman.  As  will  be  readily  understood,  when  the  identity  of 
the  source  of  the  materials  of  which  both  the  plant  beds  and  overlying  cretaceous 
rocks  are  formed  is  considered,  thei’e  is  a  very  strong  petrological  resemblance 
between  many  of  the  beds  in  both  formations.  There  is  quite  as  great  a  variety 
in  mineral  character  and  colour  among  the  members  of  the  plant-bearing  series  as 
in  a  similar  thickness  of  deposits  in  the  cretaceous  group.  To  my  mind,  they 
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are  by  no  means  so  monotonous  in  composition  or  colour,  as  compared  to  tie 
cretaceous  rocks,  as  Mr.  Blanford’s  description  would  lead  one  to  believe. ^ 

Tbe  position  occupied  by  tbo  several  patches  of  Rajmalial  beds  now  de.scribed 
is  quite  analogous  to  that  of  the  various  other  patches  occupied  by  them  along 
the  coast  as  far  north  as  the  neighbourhood  of  Ellore  in  the  Godavari  district. 
There  is  also  very  strong  resemblance  in  the  petrological  character  of  these  beds 
with  many  of  those  occun-ing  in  the  Chinglcput,  Nellore,  and  Kistna  di.striets, 
as  will  be  jiointed  out  further  on.  Many  beds  in  those  districts  arc  unquestion¬ 
ably  of  marine  origin,  as  proved  by  the  fossils  they  enclose;  and  such  beds  enclose 
also  numerous  plant  remains  in  no  wise  different  in  kind,  or  in  state  of  preserva¬ 
tion,  from  those  not  associated  with  marine  remains.  This  throws  a  doubt  on 
the  assumjition,  that  all  the  Rajmahal  beds  in  Trichinopoly  district  are  of  fi’esh- 
water  origin.  Except  the  negative  evidence  from  the  absence  of  marine  fossils 
from  such  bods,  there  is  no  ground  for  supposing  such  beds  to  be  of  fresh-water 
origin ;  and  this  latter  supposition  requires  a  total  rearrangement  of  the  geogra¬ 
phical  conditions  which  may,  from  recent  analogy,  bo  supposed  to  have  existed 
at  that  period.  When  Mr.  Blanford  wrote  his  Memoir,  it  is  true  none  of  those 
other  Rajmahal  formations  were  known  or  suspected  to  be  of  marine  origin;  his 
deduction  therefore  of  their  fresh-water  origin  was  natural. 

The  discovery  of  a  marine  fauna  in  the  southern  representatives  of  the 
Upper  Gondwana  series  was  first  made  by  myself  when  surveying  the  Sri- 
pormatur  area  west  of  Madras  in  1863.  From  the  nature  of  the  plants  there 
discov'erod  in  the  same  beds  of  (white  or  grey)  shales  ivith  the  marine  remains, 
no  doubt  could  remain  of  their  formation  being  truly  of  Rajmahal  ago.  Since 
then  still  more  strikingly  marine  beds  have  been  discovered  containing  Rajmahal 
plants,  e.  g.,  the  Ragavapuram  shales  in  the  Godavari  district  by  Mr.  King, 
Ueimty  Superintendent,  Geological  Survey  of  India  (in  1874)  ;  also  the  Veml- 
raram  shales  in  Nellore  district  (by  myself  in  1875)  ;  and  the  BudWada  shalcy 
calcareous  grits  also  in  Nellore  district  (found  by  mo  in  1876).  The  northerly 
extensions  of  the  two  latter  formations  into  the  Kistna  (Guntoor)  district  are 
also  of  marine  origin,  and  so,  too,  are  the  plant-bearing  bods  further  south  in  the 
Nellore  district  at  and  ai-ound  Kandullur. 

The  nature  of  the  small  bivalves  found  in  the  “  disputed  beds  ”  at  Maravatur 
has  not  yet  been  determined  critically ;  but  they  look  to  me,  if  I  may  trust  my 
memory  to  that  extent,  very  much  like  some  minute  shells  that  I  found  in  some  i 
of  the  plant  beds  north  and  south  of  Kandallur,  associated  with  other  unques¬ 
tionably  marine  shells. 

In  his  interesting  paper  “  On  the  Age  and  Correlation  of  the  Plant-bearing 
Series  of  India,”  read  by  JVIr.  H.  P.  Blanford  before  the  Geological  Society  (of 
London),’  he  speaks  of  “  bod.s  with  marine  fossils  intercalated  with  them  ”  (the 
plant  beds)  ;  this  is  not  con-ect,  for  there  is  no  separation  of  the  beds.  Where  the 
marine  fossils  occur,  plant  remains  occur  also,  and  often  in  the  same  hand  .speci¬ 
men  ;  and  these  plant  remains  are  precisely  in  the  .same  condition,  and  fossilised 

'  Memoirs,  G.  S.  I.,  vol.  iv,  p.  42. 

’  Quar.  Journ,  Geol.  Soc.,  vol.  XXXI,  p.  519,  1875. 
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in  tlie  same  way,  as  those  occurring  in  other  shale  beds,  where  marine  fossils  are 
not  found.  This  association  of  the  plant  and  animal  remains  occurs  also,  and 
very  markedly,  in  the  shaley  beds  atVemavaram  (in  Nellore  district),  and  further 
north  in  the  Kistna  district. 

I  confess  it  appears  to  me  to  be  unnecessary  to  imagine  that  any  of  the  beds 
are  of  fresh- water  origin,  simply  because  of  the  absence  of  marine  fossils  from 
some  of  them,  when  they  abound  in  other  beds  intimately  associated  with,  and 
perfectly  conformable  to,  the  former.  A  change  of  level  and  of  other  geographi¬ 
cal  circumstances,  so  great  as  to  replace  the  sea  by  a  lake,  or  large  river,  or  vice 
•versa,  is  one  of  such  magnitude,  that  it  would  surely  produce  some  stratigraphical 
discordance  of  corresponding  import.  No  such  discordance  is  traceable  in  any 
of  the  numerous  patches  of  Ujpper  Grondwana  plant  beds  that  I  have  now  seen. 
The  absence  of  marine  fossils  from  some  of  the  beds  should  therefore,  I  submit, 
be  explained  in  some  other  way. 

For  the  sake  of  comparison,  I  give  below  several  sections  from  the  more 
northerly  patches  of  Upper  Gondwana  rocks.  The  first  of  these  occurs  in 
the  banks  of  the  Naggery  river  at  Chittapuram,  a  little  below  the  junction 
with  the  Tritany  river,  in  North  Arcot  district.  The  same  beds  occur  in  both 
banks,  but  they  are  best  seen  in  the  right,  or  south,  bank.  The  succession 
of  beds  in  downward  succession  is  the  followina- 

O 

8.  Laterito  and  quartzite  shingle  bed. 

7.  Quartzite  sbiugle,  with  sandy  matrix. 

6.  Gritty  friable  sandstone  with  shaley  and  kunliury  laj^ers ;  the  gritty  parts 
much  false-bedded. 

5.  Quartzite  shingle,  with  sandy  matrix. 

4.  Friable  sandstones,  with  plant  remains. 

3.  Coarse  shingle,  matrix  of  sandy  clay. 

2.  Clays,  light  brown  grit,  with  bands  of  sandstone  and  plant  remains. 

1.  Boulder  bed,  resting  on  the  gneiss  which  shows  a  little  to  the  west. 

The  plant  remains  were  obtained  from  the  corresponding  beds  on  the  north 
bank  of  the  river.  They  consisted  of  a  small,  but  broad,  leaf,  closely  resembling 
Macrotmiiopiteris  ovata,  from  No.  4  of  which  .several  specimens  W'cre  found,  and 
of  fragments  of  fronds  of  Diotyosanutes  and  Ttllophylluvi,  from  No.  2. 

The  sections  near  Sripermatur  are  such  very  shallow  ones,  that  they  afford 
but  little  material  for  comparison.  The  best  perhaps  is  that  seen  in  the  Kam- 
bam  Kal  (a  channel  feeding  the  great  Sripermatur  tank),  about  half  a  mile  west 
of  the  Engineer’s  bungalow.  The  beds  exposed  are — 

5.  Lateritic  sands,  with  quartzite  implements. 

4.  Shales,  pure  white,  compact — the  “plant  beds.’’ 

3.  Grit.s,  yellowish,  coarse,  with  shaley  partings,  much  false-bedded,  very  friable. 

2.  Shales,  .sandy,  micaceous. 

1.  Sandstones,  gritty,  white  and  greenish,  grey,  friable. 

The  last  section  that  I  will  quote  from  the  Sripermatur  area  occurs  at  Vatam- 
bakam  (Vantambanum  of  Sheet  78)  in  the  southern  part  of  the  area,  where  a 
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small  headland  some  30  feet  high  juts  out  from  below  the  Oragidam  laterite 
plateau.  The  beds  here  seen  are — 

13.  Laterite  gravel,  with  quartzite  pebbles. 

12.  Clay,  white  sandy,  with  concretionary  lateritic  ironstone. 

11.  Grit,  friable,  coarse  brown,  buff  and  whitish,  with  shale  and  sandstone  partings, 
passing  down  into — 

10.  Sandstone,  brown  and  reddish-brown,  compact,  lateritic  and  shaley. 

9.  Sandstone,  buff,  very  fissile  and  shaley. 

8.  Clay,  sandy,  white  and  pale  buff,  rather  friable  with  plant  remains. 

7.  Sandstones,  shaley,  purple  and  buff  with  clayey  partings. 

6.  Shale,  sandy  (local). 

5.  Clay,  white. 

4.  Sandstone,  shaley,  purple  at  top,  buff  below. 

3.  Clay  white. 

3.  Sandstones,  thin-bedded,  buff,  more  gritty  and  purple  at  top. 

1.  Shales,  sandy,  whitish,  friable. 

The  plant  remains  in  No.  8  are  numerous  and  well  preserved,  but  very 
difficult  to  secure,  owing  to  the  very  friable  nature  of  the  matrix.  Among  the 
fossils  were  two  or  three  species  of  Ftiloidiyllum  and  Angiopferidhmi. 

There  is  nothing  in  the  Trichinopoly  plant  beds  that  resembles  the  hard 
compact  shale  variety  which  occurs  at  several  places  in  the  Sripermatur  area. 
In  textui’e  and  lustre  this  shale  is  sometimes  almost  porcellanic,  and  when 
fossiliferous  contains  the  best  preserved  remains  found.  A  similar  variety  is 
common  at  Verna voram  in  the  north-eastern  corner  of  Nellore  district.  Here  it 
is,  however,  never  quite  so  hard  as  the  hardest  foiuns  seen  near  Sripermatur,  but, 
like  them,  shows  the  fossils  enclosed  in  a  high  state  of  preservation. 

Most  of  the  fossils  found  in  the  Sripermatur  area  and  at  Vemavaram  are 
covered  by  a  thin  film  of  colour,  either  red  or  purple,  more  rarely  brown  or  black, 
which  does  not  extend  to  the  surrounding  shalo  or  sandstone,  so  that  the  organ¬ 
ism  is  strikingly  set  off.  It  is  very  rare  for  the  colour  to  extend  beyond  the 
limits  of  the  organism.  This  colouring  is  much  less  frequent  in  the  Trichinopoly 
specimens.  The  vegetable  fossils  from  all  the  Upper  Gondwana  formations  on 
the  Coroma,ndel  coast  agree  in  being  very  fragmentary,  however  well  preserved 
they  may  be  in  other  respects.  They  wei'e  evidently'  swept  out  to  sea  in  some 
condition,  and  speedily  imbedded  before  decay  attacked  them. 

The  Trichinopoly  patches  show  many  fewer  argillaceous  beds  than  do  the  more 
northern  ones,  especially  those  in  the  neighbourhood  of  Madras  and  of  G  untoor ; 
this  may  be  due  in  great  measure  to  the  different  mineral  character  of  the  mass 
of  the  gneissic  rocks  which  yielded  the  materials  of  which  these  younger  rocks 
M'ere  built  up.  Both  opposite  tlie  Madras  and  Guntoor  Upper  Gondw'ana 
areas,  coarse,  highly  fels23athic  granitoid  gneiss  constitutes  the  main  mass  of  the 
country  over  many  hundred  square  miles,  while  the  bulk  of  the  gneissic  rocks 
forming  the  Patchamallays,  the  high  lands  which  yielded  gi’cat  pait  of  the 
materials  of  the  Trichinopoly  beds,  arc  pre-eminently  silicious  and  ferrugi¬ 
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Of  the  sections  to  be  seen  in  the  patches  of  Upper  Gondwana  rocks  occurring 
on  the  borders  of  the  Nellore  and  Kistna  districts,  two  only  are  worth  special 
notice ;  for,  as  a  rule,  the  beds  arc  so  little  exposed,  that  it  is  impossible  to  trace 
their  succession  with  any  certainty.  This  is  due  in  paid  to  the  very  slight  eleva¬ 
tion  of  the  area  they  occupy,  much  of  it  being  hardly  raised  above  the  general 
level  of  the  band  of  coast  alluvium,  in  part  also  to  the  very  great  thickness  of 
cotton  soil  which  extends  far  and  wide  over  all  the  older  formations.  The  two 
best  sections  are  the  Vemavaram  section  (only  8  miles  from  the  coast  and  12 
miles  north-cast-by-north  of  Ongole)  and  the  Boodavadah  section,  11  miles  to 
the  north  of  the  former.  In  neither  section  are  the  uppermost  beds  seen,  being 
obscured  by  the  coast  alluvium  and  superincumbent  cotton  soil.  The  exposed 
beds  are,  in  downward  succession, — 

9.  Shales,  purple. 

8.  Do.,  huffy. 

7.  Do.,  softish,  brown,  white  and  puiple. 

6.  Do.,  hard,  with  red  and  brown  sandstone  partings. 

5.  Do.,  do.,  partly  flaggy,  variegated. 

4.  Sandstone,  parting. 

3.  Shales,  thin,  flaggy,  buff  and  white,  rather  hard,  “  fish  bed.” 

2.  Do.,  sandy,  mottled. 

1.  Sandstones,  shaley,  huffy  in  colour. 

The  base  of  the  section  is  also  obsenred  by  cotton  soil,  but  about  a  mile  to  the 
west,  softish  gritty  sandstones  are  seen  resting  on  a  hummocky  granite  gneiss, 
analogous  to  parts  of  the  boulder  beds  forming  the  base  of  the  Ootatoor  plant 
beds  in  so  many  places.  Some  of  these  gritty  sandstone  beds  abound  in  frag¬ 
mentary  plant  remains,  impressed  in  red  colour  on  the  friable  surface.  Among 
the  impressions  many  are  not  determinable,  but  perfectly  recognizable  fragments 
of  Dictyozamites  (a  small  form)  are  very  numerous  amongst  the  others.  A  series 
of  these  was  sent  up  in  1875,  but  from  the  great  friability  of  the  sand.stones  it 
is  very  possible  they  did  not  boar  the  journey.  Except  in  the  coarser  character 
of  the  rock,  the  general  apipearance  and  mode  of  occuiTenco  of  the  fossils  from 
these  bottom  sandstones  are  a  good  deal  like  those  of  the  fossils  found  at  Terany 
in  Trichinopoly  district. 

The  second  section  in  the  Nellore-Kistua  ground,  to  bo  quoted  for  comparison 
with  the  Ootatoor  plant  beds,  occurs  at  Budavada  in  Uelloro  district,  25  miles 
north-north-east  of  Ongole,  and  S-j-  miles  west-north-west  of  the  travellers’  bun¬ 
galow  at  Inkolu  on  the  old  Madras- Guntoor  road.  This  section  seems  to  take  in 
the  whole  of  the  Uptper  Gondwanas  in  this  region,  but  is  not  by  any  means  as 
distinct  as  might  bo  wished,  and  I  offer  it  as  an  approximation  to  the  truth  and 
as  liable  to  possible  modification  hereafter.  The  section  is  based  upon  the  results 
of  examination  of  a  series  of  -vv'ells,  supplemented  by  a  few  poor  outcrops  and 
small  stone  pits.  The  obscurity  is  due  to  the  groat  thickness  of  cotton  soil  over 
the  eastern  half  of  the  section. 

The  section  which  extends  from  half  a  mile  west  of  Budavada  (Boodhawadah 
of  Sheet  76)  runs  due  cast  for  the  first  half  of  its  length,  and  then  turns  north-east 
up  to  the  village  of  Pavulur,  the  total  length  being  2|  miles.  The  series  of  bed.s 
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here  seen,  and  wliicli  I  divide  into  three  groups,  is  thus  arranged  in  downward 
succession : — 


Pavclue  Group 
Vemavaeam  Group 

Budavada  Group  , 


9.  Sandstones,  friable,  coarse  reddish-brown. 

8.  Do.,  hard,  greenish-black,  calcareous,  slightly  shelly 
weathers  grey  or  brown. 

7.  Do.,  friable,  drab,  pale  brown. 

6.  Shales,  various,  hard  and  soft,  mottled  in  parts,  generally  light 
grey  in  colour'. 

5.  Sandstones,  gritty,  calcareous  and  full  of  shells,  rather  hard  and, 
tough  when  fresh. 

4.  Do.,  shaley,  friable,  drab,  huffy. 

"1  3.  Do.,  hard,  brown,  alternating  several  times  with  shaley 

beds. 

2.  Do.,  massive,  hard,  brown. 

1.  Do.,  pebbly,  outcrop  much  weathered. 

Gneiss 


The  general  dip  is  easterly,  at  varying  and  generally  very  low  angles.  Beds' 
Nos.  4,  6,  6  and  8  contain  marine  shells ;  Nos.  5  and  6  contain  plant  remains  as 
well,  and  No.  9  plant  remains  only. 

The  Vemavaram  shales,  I  believe  to  bo  represented  by  the  shales  No.  6,  and 
t  hese  latter  do  not  differ  much,  as  far  as  seen,  from  many  of  the  softer  beds  in  the 
Vemavaram  section,  and  they  resemble  many  of  the  shales  in  the  Ootatoor  group; 
The  shelly  sandstones,  No.  5,  are  utterly  unlike  anything  as  yet  known  in  any 
of  the  other  Rajmahal  ai’cas  thi'oughout  India. 

Whether  the  three  gToups  into  which  the  plant  beds  of  the  Nelloro-Kistna 
area  here  show  themselves  to  bo  naturally  divisible  can  be  correlated  with  the 
three  groups  Mr.  King  has  established  for  the  Upj)cr  Gondwanas  of  the  Goda¬ 
vari  district  remains  to  be  seen,  when  the  flora  and  fauna  of  the  more  northerly 
series  shall  have  been  worked  out.  I  am  inclined  to  doubt  it  at  present.  Of 
the  petrological  agreements  there  can  of  course  be  no  doubt,  but  the  paleonto¬ 
logical  evidence  of  the  most  important  plants,  and  of  the  very  interesting  crusta¬ 
cean  of  the  genus  Ergon  which  I  discovered  at  Vemavaram,  ajjpear  to  me  to 
indicate  that  the  Vemavaram  group  is  of  the  same  age,  and  not  newer  than 
Mr.  King’s  Golapilly  sandstones  in  the  Godavari  district,  which  Dr.  Peistmantel 
regards  as  a  true  Rajmahal  formation.  I  look  upon  the  Vemavaram  group  as 
the  true  marine  representative  of  the  Rajmahal  formation  proper.  My  reasons 
for  so  thinking  I  will  not  discuss  here  at  length,  but  reserve  them  for  a  fuller 
account  of  the  Nelloro-Kistna  Dppor  Gondwana  groups,  which  I  am  now  engaged 
upon. 

None  of  the  “plant  bod”  areas  of  the  Madras  Coast  has  been  exhaustively 
seai'ched,  and  further  research  may  yet  add  largely  to  their  floras  and  faunas  ; 
but  such  further  research  is  not  likely  to  bo  undertaken  by  members  of  the  Geo¬ 
logical  Survey,  at  any  rate  for  a  very  long  time.  The  collections  wo  now  possess 
must  therefore  for  the  present  bo  as.sumod  to  represent  fairly  the  real  contents 
of  the  several  groups  of  bods.  By  means  of  the  rough  lists  of  fossil  plants  from 
the  Ootatoor  gi’oup  of  patches  severally,  the  Sripormatur  area  generally,  and 
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Verna varam  and  Budavada  severally,  which  I  give  below,  the  respective  floras 
may  be  compared  roughly. 

A  few  facts  concerning  the  distribution  of  the  leading  plants  which  the  mere 
lists  do  not  show  may  be  pointed  out  in  conclusion  of  my  notes.  Dictyozamites 
is  a  genus  very  rarely  found  in  the  Ootatoor  group  of  bed.s ;  it  is  rather  more  fre¬ 
quently  met  with  in  the  Sripermatur  area,  but  by  no  moans  a  common  plant 
there;  at  Vcma varam,  on  the  contraiy,  it  is  one  of  the  most  numerous,  and 
shows  considerable  varieties  of  form  and  size.  Angiopterklmm  spathalatnm  is 
very  common  at  Terany,  and  occurs  in  most  of  the  other  Ootatoor  localities ;  it  is 
rather  uncommon  in  the  Sripermatur  area  and  one  of  the  rarest  forms  seen  at 
Vemavaram.  The  foian  most  peculiar  to  the  Si’ijiormatur  group,  where  it  occurs 
frequently,  is  one  I  tahe  to  be  a  Conifer  hitherto  undescribed.  This  form,  which 
has  some  resemblance  in  the  arrangements  of  the  leaflets  on  the  stalk  to  Taxites 
tenerrimus,  Feistmantel,  figured  in  the  Flora  of  the  Jabalpur  Group,  but  gi’catly 
exceeds  that  species  in  size,  is  very  rare  at  Vemavaram,  and  was  not  fonnd  at  all 
in  any  beds  of  the  Ootatoor  area.  Tjcldnostrohus  riijmahalensis  is  numerously 
and  remarkably  well  developed  at  Vemd varam;  it  is  rare  in  the  Sripermatur 
area,  and  absent  from  the  Ootatoor  plant  beds.  Similarly  the  genus  Ptero- 
ptnjllum  is  much  better  represented  both  in  number  of  species  and  specimens  at 
V emavaram,  than  either  at  Sripermatur  or  in  the  Ootatoor  area. 

Dr.  Feistmantel  considers  the  Sripermatur  group  and  Trichinopoly  or  Oota¬ 
toor  plant  beds  as  equivalents  of  Mr.  King’s  Ragavapuram  beds  (Godavari 
district),  a  view  in  which  I  am  quite  prepared  to  agree  with  him.  As  already 
mentioned  with  reference  to  my  Vemavaram  crustacean,  which  he  described  as 
Eryon  Comp.  Barrovensis,  he  has,  owing  to  some  irnfortunate  confusion  of  the 
collections,  looked  upon  the  Sripermatur  and  Vemavaram  fossils  as  both  coming 
from  the  vicinity  of  Madras,  though  in  reality  belonging  to  localities  more  than 
200  miles  apart.  When  he  comes  to  separate  them,  I  quite  expect  he  will  see  the 
necessity  of  looking  upon  the  Vemavaram  beds  as  rather  older  than  both  the 
Sripermatur  and  Ootatoor  plant  beds. 

The  following  lists  give  the  fossils  collected  by  me  from  the  several  patches 
of  the  Ootatoor  plant  beds ;  their  determination  is  of  course  only  preliminary, 
the  final  one  having  yet  to  be  made  by  Dr.  Feistmantel  at  the  Museum  in 
Calcutta,  where  they  can  be  compared  with  the  type  specimens  of  all  the  Upper 
Gondwana  floras  at  present  known.  The  several  localities  arc  anunged  in  their 
geographical  sequence  from  south  to  north.  In  drawing  up  and  coiTecting  these 
lists,  I  have  of  course  availed  myself  as  much  as  possible  of  Dr.  Feistmantel’s  very 
valuable  monographs. 


1.  Naicoium. 

Ptilo'pliyllwm  acutifolium, 

Otozamites  ahhrematus  ? 

Branching  leaf-like  stalk. 

Grass-like  branching  (dichotomous)  leaflets,  very  delicate. 
Stalk  with  central  groove. 
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2.  OOTATOOB. 

Cyclopteris  ? 

Alethopteris  indiea. 

Anglopteridium  spathulatum. 

Macrotceniopteris  ovata  ? 

Zamites  ? 

Ftilophyllum  acutifolium. 

Ft.  cutehense  ? 

Otozamifes  ? 

Falissya,  sp. 

Seeds  or  small  fruits,  numerous  ;  CjT-adeous  ? 

Stalk  ribbed. 

3.  Teeany. 

Sphenopteris,  sp, 

Alethopteris  indiea. 

Avgiopteridium  spatlmlatum. 

JMacrotceniopteris,  sp. 

M.  ovata  ? 

Fterophyllmn,  sp. 

Ft.  distans  ? 

Ftilophyllum,  acutifoUu m. 

Dictyozamites  indiens. 

Otozamites,  sp. 

FalUssya  indiea. 

Cheirolepis  ? 

Seeds  or  small  fruits. 

Stalk-like  fragments  of  various  shapes. 

4.  Kaei  (KArEAY)  South  Patch. 

Otozamites,  sp.?  alhreviatus? 

5.  Kuhikad  (Coodicaud)-Ivullpaudy  Patch. 

Anglopteridium  spathulatum. 

Fterophylhim,  sp. 

Ftilophyllum  eutchense  ? 

Fruit  or  .seed,  cycadeous? 

Ribbed  stalk  of —  F 

6.  Maeavatue. 

Sphenopteris,  sp. 

Angiopteridium  spathulatum. 

Maerotainiopteris  ovata  ? 

Ftilophyllum  acutifolium. 

Fictyozamites  indicus. 

Lists  of  the  fossil  plants  from  the  Sripermatur  and  Vemavaram  groups  and 
from  BudavElda  are  added,  to  assist  in  comparing  all  the  groups. 

Seipeematue  Geoup. 

Sphenopteris,  sp. 

Fecopteris  ? 

A n giop teridiu m  spathulatum. 
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Macrotoeniopterit,  sp. 

Pterophyllum,  sp. 

Ptilupliyllum  acutifoliunn. 

Pt,  ciitctwnse? 

Otozamites,  sp. 

Pictyozamites  indieus. 

Palissya,  sp. 

Pchinostrohus  rqjmahalensis. 

Grassy  stalks. 

Scales  or  briots.  ?  Araucarites. 

Seed  vessels. 

Coniferous  leaves,  undetermined. 

Vemavauam  Group. 

Sphenopteris,  sp. 

DicJcsonia,  sp. 

Cyclopleris  t  sp. 

Alethopteris  indica. 

Angioptendium  spathiilatum. 

Macrotceniopteris  ovata. 

M.  sp. 

Pterophyllum  distans  ? 

Pt.  sp. 

Pt.  fissum. 

Zamites  proximus. 

Ptilophyllum  acutifolmm. 

Pt.  cutchense. 

Otozamites,  sp. 

Dictyozamites  indicus. 

Palissya  indica. 

Cheirolepis  ? 

Echinostrohus  rajmahalensis. 

Araucarites,  sp.  [?  macropterus.) 

Cunningliamites  dubiosus  ? 

Coniferous  leaves,  undetermined. 

The  plant  remains  obtained  from  the  shelly  grit  No.  5  at  Jludavkda  were  : — 
Angiopteridum  spathiilatum. 

Ptilophyllum  acutifoliiim. 

Otozamites  abhreviatus  ? 

Dictyozamites  indicus. 

The  shales  No.  6,  the  apparent  equivalents  of  the  Vemdvaram  shales,  yielded  : — 

Pterophyllum  sp. 

Ptilophyllum  acutifolium. 

Pt.  cutchense. 

Palissya  indica  ? 

The  list  of  Vemavaram  fossils  was  drawn  up  from  onlj-^  a  small  part  of  my 
collections,  and  is  therefore  far  from  complete,  but,  as  it  is,  it  shows  a  far  greater 
wealth  of  form  than  appears  in  any  of  the  other  localities. 
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Senaemontite  prom  Sarawak. 

When  recently  arranging  the  Indian  and  foreign  ores  of  antimonj-  in  the 
Geological  Museum,  I  found,  amongst  those  from  Saraw’ak,  in  Borneo,  which 
consist  mainly  of  the  sulphide  and  native  antimony,  a  specimen  which  contains 
more  than  one  oxide.  It  is  about  half  a  pound  in  weight,  and  consists  of  native 
antimony  with  stibmte,  gi-eyish- white  and  grey  filamentous  tufts,  which  appecar 
to  be  volentinite,  but  which  are  only  distinctly  visible  under  the  lens,  and  cannot 
be  isolated  for  examination,  senarmontite  and  cervmitite.  The  first  four  are  rather 
intimately  mixed  up,  but  small  fragments  of  the  senarmontite  are  separable,  suffi¬ 
ciently  large  for  satisfactory  determination.  It  occurs  both  massive  and  in 
crystals,  which  are  unmodified  octoJiodrons :  the  larger  of  these  are  about  a 
fiftieth  of  an  inch  in  diameter ;  the  hardness  is  about  2,  the  colour  of  the  massive 
portion  is  white  and  greyish,  with  resinous  lustre ;  the  crystals  are  grey  and 
translucent,  with  sub-adamantine  lustre  on  the  faces.  On  charcoal  the  mineral 
gives  an  abiindant  coating  of  antimonious  oxide ;  it  dissolves  in  hydrochloric 
acid,  the  solution  yielding  a  white  precipitate  w’ith  water  and  an  orange-red  one 
with  hydrosulphuric  acid.  I  am  not  aware  that  senarmontite  has  been  previously 
noticed  from  Sarawak,  and  hence  put  the  above  observation  on  record. 

V.  R.  MALLET. 
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On  the  Gbogkaphical  Distribution  of  fossil  organisms  in  India,  by  Dr.  W. 

Waagen. 

{With  a  Maj)). 

Bead  at  the  meeting  of  the  Mathematical  and  Natural  Science  Section  of  the 
Imperial  Academy  of  Sciences,  Vienna,  l.st  Decemher  1877. 

Translated  ly  R.  Bruce  Foote,  f.g.s.,  Geological  Survey  of  India. 

Although  many  facts  relating  to  the  geology  of  India  have  been  made  public 
through  the  labours  of  the  Geological  Survey  of  India  and  the  activity  of  many 
non-professional  geologists,  there  has  been  no  work  by  which  it  was  possible  to 
obtain  a  view  of  what  was  known  up  to  date,  and  the  absence  of  any  even 
approximately  accurate  general  map  has  been  a  very  sensible  rvant  in  Indian 
geological  Htoratiu-e.  Greenough’s  map  was  utterly  useless,  because  perfectly 
untrustworthy ;  India,  as  shown  in  Marcou’s  geological  map  of  the  woiid,  is  on 
much  too  small  a  scale  to  bo  useful  in  more  advanced  discusslon.s.  It  cannot  be 
my  intention  to  remove  this  inconvenience  thoroughly ;  to  do  that  lies  solely  in 

Note. — The  Geologioiil  Survey  of  India  has  been  specially  unfortunate  in  prematurely  losing  the 
services  of  the  two  accomplished  paleontologists  wdio  successively  undertook  the  highest  branch  of 
its  investigations  ;  as  palaiontological  researches,  more  than  any  others  perhaps,  demand  a  close 
acquaintance  with  an  immense  array  of  details,  and  the  patient  discussion  of  these  from  vsirious 
points  of  view  that  arc  still,  more  or  le.ss,  dehatahle.  We  are  therefore  to  be  congratulated  that 
Dr.  Waagen  has  been  able  to  bring  together  his  rellectious  upon  the  information  he  collected  while 
his  health  permitted  him  to  work  in  this  country.  This  siiost  recent  essay  upon  the  primitive 
geogi’aphy  of  India  by  a  palajontological  expert,  is  rc-iiroduced  in  our  Itceords  for  the  hciicfit  of 
students  who  may  not  have  access  to  the  original  paper.  There  are,  as  the  author  himself  sur¬ 
mises,  numerous  small  mistakes  of  geographical  detail,  etc. ;  hut  as  they  do  not  affect  the  general 
purpose  of  the  paper,  they  have  been  left  uncorrected. — II.  B.  Medlicott. 
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the  power  of  the  Director  of  the  Geological  Survey'  of  India,  for  he  alone  has  at 
his  command  the  materials  necessary  for  the  construction  of  a  detailed  map  on  a 
larger  scale.  The  geology  of  India  shows,  however,  so  many  most  interesting 
facts  that  can  only  he  represented  on  a  Cirrtographic  basis,  that  I  have  no  hesita¬ 
tion  in  laying  down  on  a  small  sketch  map,  even  at  the  risk  of  many  inaccnracies 
in  detail,  what  are  at  present  approximately  settled  facts.  My  sole  object  now  is 
to  show  in  bold  outlines  the  geographical  distribution  of  the  several  formations 
in  India,  and  for  that  purpose  the  annexed  map  is  amply  sufficient.  As  the  title 
of  this  essay  already  show.s,  the  geological  map  is  not  the  object  in  view ;  it  is 
intended  only  as  a  basis  for  the  discussion  which  deals  with  the  geographical 
distribution  of  fossil  organisms.  It  is  only  by  the  absolute  want  of  any  general 
geological  map  of  India  that  I  am  forced  to  compile  one  from  existing  sources  and 
my  own  experiences,  but  for  this  I  should  have  greatly  preferred  availing  myself 
of  what  already  existed.'- 

The  peculiarity  of  the  subject  demands,  besides,  a  peculiarity  in  the  representa^ 
tion  such  as  has  till  now  been  but  rarely  applied  to  geological  maps.  I  found 
myself  compelled  not  only  to  separate  the  formations  accordirrg  to  their  boundaries, 
but  also  to  represent  clearly  the  differences  of  facies  in  the  formations  themselves, 
so  that  the  first  glance  at  the  map  shoirld  give  a  general  A'iew  of  the  distribution 
of  the  facies.  It  will  be  only  by  this  method  of  representation  that  one  can 
follow  with  ease  the  conclusions  which  I  feel  myself  justified  in  drawing  from  the 
geographical  distribution  of  the  fossils. 

It  has  long  been  knowrr  that  the  different  formations  in  various  par-ts  of  India 
have  been  dovolo})ed  according  to  very  different  types,  and  this  diversity  attained 
often  such  a  magnitude  that  it  appeared  almost  impossible  to  harmonize  the 
succession  of  formations  in  one  regiotr  with  that  obtaining  in  another.  It  has 
become  customary  in  India  to  recognize  (following  Blanford)  two  chief  types  of 
development  which  were  designated  as  the  Himalay.an  and  Peninsular  types :  the 
first  of  these  was  compared  with  the  Alpine  type  of  the  European  scale  of  form¬ 
ations,  the  second  with  the  extra-Alpine  type,  without  entering  into  other  and 
more  special  analogies.  But  several  writers  in  India"  had  already  pointed  out  that 
probably  the  greater  part  of  the  plant-beds  of  the  Indian  Peninsula  were  of  fresh- 


*  I  base  my  little  map  ebiefly  on  tlio  surveys  and  reports  of  my  former  eolleaffues,  the  members 
of  the  Geologie.al  Sim-ey  of  India,  hut  in  several  cases  I  could  only  give  the  boundaries  of  form¬ 
ations  approximately,  as  the  reports  are  frequently  unaccompanied  by  maps,  e.  g.,  in  the  region 
south  of  the  great  basaltic  districts,  in  the  lower  course  of  the  Godavari,  in  Kajpntana,  and  in  Sindh, 
&c.  (Vols  Xn  and  XIII  of  the  Memoirs  Geological  Survey  of  India  were  not  available  to  mo  when 
preparing  the  map).  For  small  parts  of  llehar,  the  Central  Provinces  and  Rajputana  the  repre¬ 
sentation  is  based  otdy  upon  probabilities,  as  both  reports  and  maps  are  wanting  in  these  cases.  1 
have  no  hesitation  in  thus  drawing  attention  to  the  deficiencies  of  my  map,  for  one  reason  that 
the  obiect  of  the  present  publication  hoes  not  centre  in  the  mail,  for  anotlier,  tlrnt  the  inaccuracies 
at  the  points  indicated  are  probably  not  of  a  clmracter  to  alter  materially  the  general  view  of  tlie 
geological  stricture  of  India  which  is  the  aim  of  the  map. 

^  Lately  by  H.  F.  Blanford :  Quart.  Jourii.  Geol.  Soc,,  Lond.,  1875,  and  before  him  by  T.  Oldham, 
\V.  T.  Blanford,  and  several  others. 
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■water  origin.  This,  ho’weTer,  does  awaj  with  all  analogy  with,  the  European  extra- 
Alpine  formations  ;  and  a  much  more  important  distinction  is  established  between 
the  two  chief  types  of  development  of  the  Indian  formations  than  is  the  difference 
between  Alpine  and  extra- Alpine  formations,  it  is  the  distinction  between  deposits 
of  the  open  sea  and  those  of  an  inland  basin.  Neither  does  the  geographical  dis¬ 
tribution  of  the  two  types  fit  the  geogra23hical  regions  of  the  Himalaya  and  the 
Indian  Peninsula,  but  is,  as  I  shall  endeavour  to  show,  a  totally  different  one. 

Although  the  crystalline  rocks  are  not  of  the  same  great  importance  to  the 
palaeontologist,  as  such,  that  they  are  to  the  geologist,  they  yet  demand  close 
consideration  here,  as  they  form  the  foundation  of  the  sedimentary  rocks,  their 
geograjjhical  disti-ibiition  in  earlier  ages  having  determined  in  great  measure  the 
geographical  distribution  of  the  younger  I’ocks  ;  moreover,  they  reveal  themselves 
as  metamorphosed  sedimentary  formations. 

If  we  now  regard  India  with  reference  to  these  oldest  rocks,  it  appears  that  the 
base  of  the  peninsula  projjer  consists  throughout  of  crystalline  rocks,  supporting 
the  sedimentary  rocks  in  small  separate  basins,  and  only  in  the  western  parts 
completely  covered,  over  large  areas,  by  eruptive  formations.  To  the  north-west 
the  crystalline  rocks  of  the  Indian  peninsula  are  bounded  by  the  range  of  the 
Aia'ali  mountains,  to  the  west  of  which  only  younger  sedimentary  formations 
appear,  extending  far  away  into  Uilucliistan  aud  Persia.  In  Kattywar  also  is  a 
small  mountain  mass  of  crystalline  rocks  which  may  perhajjs  join  on  to  the 
larger  Aravali  range,  as  I  have  indicated  on  the  map,  but  may  perhaps  be  quite 
separated  from  it  by  tertiary  deposits. 

The  crystalline  formations  of  the  Himalaya  form  one  of  the  most  difficult 
chaptei’S  in  Indian  geology,  not  only  because  of  the  inaccessibility  of  the  dis¬ 
tricts  in  which  they  ajipear,  but  also  because  of  the  vast  extent  to  which  meta¬ 
morphism  there  prevails,  which  leads  one  to  suspect  that  completely  crystalline 
schi.sts  are  frequently  but  sedimentary  formations  of  i)alseozoic  age  at  the  outside. 
However,  thus  much  is  certain,  that  the  Himalaya  contains  not  one,  but  two 
zones  of  crystalline  rocks,  the  northern  of  which  only  forms  the  boundary  divi¬ 
sion  between  the  true  mountain  region  and  the  Steppe  region  of  Central  Asia. 
To  show  this  more  clearly,  I  will  describe  a  few  sections  more  fully. 

In  the  extreme  west  it  is  not  jjossible  to  demonstrate  the  two  zones,  as  that 
region  is  as  yet  too  little  known,  and  the  political  condition  is  such  that  a  consid¬ 
erable  time  will  doubtless  elapse  before  researches  can  be  undertaken  there. 
If  the  section  of  Mt.  Sirban,  which  I  and  Wynne  have  described,^  be  followed 
north-westward,  crystalline  talc  schists  and  finally  also  gneissoid  rocks  will  be 
seen  to  emerge  from  below  the  clayslates,  but  the  boundary  at  the  Black  Moun¬ 
tain,  beyond  which  no  Em-ojican  may  penetrate,  will  be  reached  before  a  change 
in  the  petrological  characters  of  the  rocks  indicates  the  approach  to  a  fresh  zone 
of  sedimentary  formations.  Or  it  may  be  that  the  first  sedimentary,  as  well  as  the 
first  crj’stalline,  zone  is  wanting  here  in  the  extreme  west,  and  thus  both  terminate 
at  the  Jhilum,  and  that  further  to  the  west  the  second  zones  approach  to  the 
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edge  of  the  mountains  ?  It  is  only  more  to  tho  east,  in  the  Kashmir  territory, 
that  it  becomes  possible  to  penetrate  fui-ther  north  and  obtain  more  complete 
sections. 

If  the  road  over  the  Pir  Panjal  pass  bo  followed  into  Kashmir,  one  meets  in 
rising  from  the  plains,  first  the  Siwalik  beds,  then  the  various  divisions  of  the 
nummulitic  formations,  which  further  to  the  south-east  towards  Jummoo  and  also 
to  the  north-west  towards  the  Jhilum  surround  isolated  masses  of  paheozoic 
limestones.  Lastly  apjiear  tho  crystalline  schists,  accompanied  by  a  narrow  strip 
of  limestone  squeezed  in  between  tho  schists  and  tertiary  sandstones,  and  in  the 
determination  of  the  age  of  which  one  wavers,  in  the  total  absence  of  fossils, 
between  the  triassic  and  the  silurian  sy.stems.  The  Pir  Panjal  itself  consists 
entirely  of  crystalline  schists,  but  to  the  eastward  a  largish  mass  of  gneiss  appears, 
which,  according  toLydokker,  even  in  its  petrological  characters,  recalls  Stoliezka’s 
central  gneiss,  as  veins  of  albite  granite  are  found  included  in  it.^  A  part  of  tho 
schists  will  doubtless  have  to  bo  reckoned  as  belonging  to  the  older  pateozoic 
formations.  I  am  acquainted  with  no  particulars  about  tho  northern  slope  of  tho 
Pir  Panjal,  but  it  is  probable  that  it  also  consists  of  metamorphic  schists. 

On  the  noibh  side  of  the  Kashmir  valley,  which  is  filled  with  alluvial  forma¬ 
tions,  the  succession  of  rocks  recommences  with  carboniferous  limestone  and  older 
pala30zoic  schists,^  under  which,  further  to  tho  north,  ohloritic  schists  appear,  which 
wore  regardeil  by  Stoliezka  as  silurian.  Still  further  north,  overlying  tho  pahno- 
zoic  bods,  follow  triassic  limestones,  which,  inteiTupted  here  and  there  by  carboni¬ 
ferous  limestones,  extend  to  Pan  Dras  in  tho  valley  of  tho  Dras  river,  wdiere  they 
ai'O  replaced  by  silurian  beds,  which  finally  rest,  to  the  northward  of  Dras,  on 
hornblendic  rocks  and  true  syenite,  which  here  composes  tho  second  ci-ystalline 
zone.® 

Another  section  follows  a  line  from  the  Indian  plain  across  Simla  to  Spiti 
and  Rupshu,  Tho  first  zone  of  rocks  wdiich  borders  tho  plain  again  consists  of 
Siwalik  beds,  followed  by  a  groat  extent  of  nummulitic  beds.  Under  these  lies 
an  extraordinarily  varied  “complex”  of  limestones,  sandstones,  schists  and  clay- 
slates,  -which  appear  to  bo  in  the  most  varied  stages  of  motamorphism,  and 
which  I  shall  have  to  discuss  more  closely  further  on.  The  ridges  around  Simla 
are  composed  of  these  schists.*  They  rest  upon  true  crystalline  schists,  numerous 
varieties  of  which  boi'der  the  banks  of  the  Sutlej  up  to  tho  Wangtu  bridge. 
From  this  latter  point  commences  Stoliezka’s  “  central  gneiss,”  which  constitutes 
tho  main  mass  of  hi.s  Pir  Panjal  ranges.  To  the  north  of  this  mountain  range 
comes  in  tho  whole  series  of  sedimentaiy  formations  in  regular  succession  rqi  to 
the  cretaceous  rocks.  They  occupy  the  whole  area  of  Spiti,  and  have  the  highest 
summits  in  tho  Baralatzc  range.  Older  rocks  reappear  gradually  in  Rupshn,  and 

'  Lydekker  t  Records  Geol.  Sai'v.  of  India,  Vol.  IX. 

®  Godwiii-Austeu :  Quart.  Journ.,  Geol.  Socy.  London,  XXII,  p.  29;  Stoliezka:  Mom.  Geol. 
Surv.  of  India,  V,  p.  350, 

^  Stoliezka  :  Mem.  Geol.  Surv,  of  India,  V,  p.  348. 

■’  Medlicott ;  Mem.  Geol.  Surv.  of  India,  Vol.  III. 
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crystalline  schists  and  granitoid  gneisses  reveal  finally  the  second  crystalline  zone 
to  the  southward  of  Khorzogd 

The  dip  of  the  strata  in  the  first  crystalline  zone,  in  the  regions  now  mention¬ 
ed,  is  generally  north  and  north-eastward ;  along  the  southern  border  of  the 
second  zone  it  is  southerly  and  south-westerly.  The  fossiliferous  sedimentary 
formations  are  enclosed  between  the  two  as  in  a  basin.  The  strike  of  these  zones 
appears  in  the  local  sections  to  corresjtond  with  that  of  the  principal  ranges,  so 
that  the  first  zone  appears  to  follow  the  Pir  Panjal,  and  the  second  Cunning¬ 
ham’s  Trans-Himalayan  range,  but  on  closer  inspection  the  matter  presents  itself 
otherwise  on  the  maps.  The  Baralatze  range,  whoso  highest  summits  on  tho 
frontier  of  Spiti  and  Rupshu  were  formed  of  sedimentary  deposits  (Taglingpass), 
reaches,  in  the  extension  of  its  strike  north-westward,  the  south  edge  of  the  se¬ 
cond  crystalline  zone  in  tho  region  southward  of  Dras,  and  in  consequence  cuts  tho 
strike  of  the  formations,  though  certainly  at  a  somewhat  acute  angle.  The  direc¬ 
tion  of  strike  of  tho  sedimentary  formations  has  therefore  become  somewhat  more 
east  to  west,  and  reminds  one  of  tho  direction  of  the  strike  of  the  Kuenlun. 

The  same  condition  obtains  in  Knmaun  as  in  Spiti  ;  the  richly  fossiliferous 
beds,  which  have  become  known  through  Strachey’s  “  Palaeontology  of  Niti,”  lie 
north  of  a  crj'stalline  zone,  while  to  tho  south  of  it  massive  limestones  occujiy 
the  region  of  Kaini  Tab  The  second  crystalline  zone  would  then  have  to 
besought  to  the  north  of  the  Sutlej  valley, ’  but  it  hero  appears  obscured  and 
covered  up  by  extensive  tertiary  dc250sits.  Schlagintwoit,  however,  mentions  ci’ys- 
tallino  rocks  on  tho  Chako  La  that  divides  tho  Sutlej  and  Indus  drainage  areas.® 

A  similar  arrangement  in  two  crystalline  zones,  which  are  divided  from  each 
other  by  limestones,  is  also  observable  in  Nepal,  on  the  road  to  Katmandu,'*  but 
it  would  appear  that  it  is  the  second  zone  which  here  corrcsj)onds  to  the  first  zone 
of  tho  north-west.  The  latter  certainly  acquires  an  extraoidinary  width  in  this 
way  ;  and  it  thus  becomes  probable  that  the  first  crystalline  zone  increases  in  its 
eastward  course  so  greatly  in  its  north  to  south  extension,  that  it  occupies  tho 
whole  width  of  the  Himalaya  proper  which  the  observations  in  Sikkim  would 
seem  to  confirm. 

It  is  first  in  Sikkim  that  the  composition  of  tho  mountains  offers  a  to¬ 
tally  different  picture.  When  I  visited  this  region  on  a  very  cursory  tour,  I 

'  Stoliezka  :  Meui.  Geol.  Surv.  of  India,  V.  Geological  sections  across  tlie  Himalayan 
mountains — 

The  first  crystalline  zone  appears  to  bo  thrust  furthest  northward  at  tho  Uotang  pa.ss,  which 
crosses  the  Pir  Panjal  chain  to  the  westward  of  the  ahove-ineutioncd  line,  so  that  Stoliezka’s  cen¬ 
tral  gneiss  appears  first  On  the  northern  slope  of  the  chain  in  the  Chandra  valley,  and  tho  llura- 
latze  range  is  entirely  composed  of  metaraorphic  rooks  which  Stoliezka  considered  to  be  in  part 
Silurian.  Further  westward  the  first  crystalline  zone  appears  soon  to  trend  down  again  to  tho 
southward, 

^.Strachey:  Quart.  Jonrn.,  Geol.  Soc.  London,  VII;  Mcdlicott  :  Mem.  Geol.  Surv.  of 
udia.  III,  Art.  3,  p.  69.  Strachey :  Palmontology  of  Niti. 

^  Schlagintwoit  :  Keisen  in  Indicn  und  Hocliasien,  111,  p.  76. 

*  Medlicott :  Records  Geol.  Surv.  of  India,  VIII,  ji.  93. 
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thought  it  necessary  to  regard  the  greater  part  of  the  crystalline  rocks  there 
occurring  as  metamorphosed  younger  deposits,  hut  it  appears  to  me  that  after 
Mallet’s^  detailed  survey,  this  view  can  no  longer  be  entertained,  although  this 
observer  appears  to  consider  the  whole  crystalline  series  in  Sikkim  as  younger 
than  the  trias.  Coming  from  the  plains  one  meets  here  also  first  of  all  the  Si- 
■walik  beds,  which  follow  the  edge  of  the  mountains  with  but  little  interruption 
through  the  whole  of  Sikkim  and  Assam.  After  travei’sing  a  more  or  less  narrow 
valley  one  comes  upon  not  very  tliick  sandstone  with  coal,  and  here  and  there  plant 
remains,^  and  which  should  be  regarded  as  a  triassic  sandstone.  Over  these 
sandstones  coma  azoic  clayslates  and  crystalline  schists  of  immense  thickness, 
which  are  in  their  turn  ovei-laid  by  gneissoid  rocks.  On  the  noiih  side  of  Bri¬ 
tish  Sikkim  the  succession  of  beds  descends  regularljA’rom  the  gneiss  to  the  crys¬ 
talline  schists,  but  no  more  sandstone  appears.  From  this  it  is  probable  that  the 
crystalline  rocks  were  thrust  over  by  lateral  pressure,  and  that  the  sandstone  ori¬ 
ginally  deposited  against  them  only  underlies  them  in  appearance  ;  similar  occur¬ 
rences  maj'  be  observed  on  a  large  scale  in  the  Alps.  It  thus  occurs  that  the  coal- 
bearing  sand.stone  is  overlaid  regularly  by  Mallet’s  Daling  series  in  part,  and 'in 
part  by  his  Buxa  series.  I  can  now  leave  the  crystalline  formations  of  the  Hima¬ 
laya  and  turn  again  to  more  southerly  regions. 

If  the  valley  of  the  Brahmaputra  be  crossed,  one  meets  again  in  the  Khasi 
and  Harrow  hills,  by  which  the  valley  is  bounded  on  the  south,  with  extensive 
crystalline  areas,^  whose  southern  side  only  is  covered  by  sedimentary  deposits. 
More  extensive  surfaces  are  occupied  by  crystalline  rocks  in  the  mountains  east 
of  the  Irawadi,'*'  and  the  whole  of  the  peninsula  of  “  Farther  India”  up  to  its 
extremity  is  composed  of  similar  rocks.  The  Andaman  Islands  appear  also  to  be 
built  up  entirely  of  crystalline  formations.®  Ceylon  similarly  is  composed  exclu¬ 
sively  of  crystalline  rocks. 

It  is  not  necessary  for  me  to  state  here  the  more  specific  age  of  all  the  crys¬ 
talline  rocks  discussed  above  ;  indeed,  remarkably  few  preliminaiy  studies  bearing 
on  that  question  have  as  yet  been  made,  although  Mallet  has  recently  distinguish¬ 
ed  a  couple  of  formations  within  the  older  schistose  series  in  the  neighbau7'hood 
of  Delhi.  In  one  particular  case,  however,  this  more  accurate  determination  of 
age  is  of  less  interest,  as  these  formations  are  all  devoid  of  organic  remains.  It 
is  only  with  the  Silurian  rocks  that  an  im^jortant  series  of  foi-mations  begins 
which  demands  closer  consideration. 

If  we  consider  the  development  of  the  jsaleeozoic  formations  in  India  in  gene¬ 
ral,  it  wdll  be  seen  clearly  that  they  already  show  a  development  according  to  two 
different  types,  wliich  I  indicated  in  the  introduction  as  the  characteristic  of  the 

1  Mallet :  Mem.  Geol.  Surv.  of  India,  XI. 

2  MentioiK'd  alivady  by  Hooker,  Himalayan  Journals,  Vol.  II,  p.  24. 

^Oldbam;  Mem.  Geol.Surv.  of  India,  I;  Medlicott  ;  ibid,  Vll. 

■*  Theobald  :  Mem.  Geol,  Surv.  of  India,  X. 

®  S.  Kurz :  Report  on  the  vegetation  of  the  Andaman  Islands  quoted  from  memory,  as  my  copy 
of  the  book  in  question  has  been  mislaid.  [The  quotation  is  a  mistake :  only  tertiary  and  eruptive 
rocks  occur  in  the  .\ndamaus.— H.  B.  M.]. 
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Indian  sedimentary  deposits.  Genuine  marine  deposits  -with  numerous  marine 
fossils  were  described  from  the  North-Western  Himalaya  and  afterwards  from  the 
Salt  Range  and  the  Khyber  pass.  Thereby  the  extent  and  the  distribution  of 
the  marine  facies  are  also  indicated.  The  other  facies  is  found  in  the  Indian  pe¬ 
ninsula  proper,  where  it  occu])ies  important  areas. 

The  most  typical  region  for  the  genuine  marine  development  of  the  palceozoic 
formations  is  cei-tiiinly  Spiti,  and  it  may  perhaps  not  be  superfluous  to  describe 
more  fully,  though  briefly,  the  petrological  characters  and  the  succession  of  the 
beds  of  that  ground.  On  crossing  the  bridge  over  the  Sutlej  at  Wangtu,  one 
enters  the  region  of  the  gneiss  composing  the  Pir  Panjal  range.  To  the  north¬ 
ward,  and  therefore  to  the  north  of  the  first  crystalline  zone,  the  gneiss  is  suc¬ 
ceeded  by  ovcrljdng  blue  clayslatos  and  sandstones,  3,000  feet  in  thickness,  and 
which  have  hitherto  yielded  no  fossils.  Higher  up  appear  lighter  colored  quart¬ 
zites  and  quartzitic  sandstones  with  subordinate  beds  of  cellular  dolomitic  lime¬ 
stone.  Bad  impressions  of  an  Orthh  were  found  at  one  place  in  the  sandstones. 
Over  these  again  lie  greenish  and  bluish  highly  micaceous  sandstones  wdth  in¬ 
termediate  calcareous  and  slaty  beds  with  obscure  remains  of  Brachiopoda .  These 
beds  close  the  Baboh  series,  the  lowest  member  of  the  succession  of  beds  in  Spiti. 

As  the  next  member  in  upward  succession  Stoliczka  recognizes  the  Math  series. 
This  has  a  total  thickness  of  about  1,000  feet,  and  begins  with  dark  red  sandstones 
and  conglomerates,  over  which  are  light  colored  sandy  limestones  containing  nu¬ 
merous  very  badly  preserved  fossils.  The  uppermo.st  division  of  the  series  con¬ 
sists  of  white  quartzites  which  have  hitherto  yielded  no  fossils. 

The  last  member  of  the  palasozoic  formations  in  Spiti,  the  Ruling  series,  is 
comjoosed  of  brown  crumbling  slates  intorstratified  among  w'hite  quartzites.  The 
entire  thickness  amounts  to  about  400  feet.  The  quartzites  are  very  rich  in  well 
preserved  fossils.  Stoliczka  has  correlated  the  Bhabeh  and  Muth  series  with  the 
Silurians,  and  the  Kuling  series  with  the  carboniferous  limestone.* 

These  beds,  althoiigh  inten-upted  by  great  gaps,  may  be  followed  eastward^  as 
well  as  westward*  to  the  north  of  the  first  crystalline  zone  with  characters  to  a 
certain  extent  similar,  though  variously  changed  by  metamorphism. 

Perfectly  different  from  the  development  first  described  is  that  of  the  palmo- 
zoic  beds  south  of  the  first  ciystallinc  zone.  We  have  a  detailed  work  by  Medli- 
cott  on  these  regions,  which  is  extended  by  a  later  one  by  Lydekker.  It  might 
appear  strange  that  I  should  designate  these  deposits  simply  as  palinozoic.  I  must 
therefore  state  my  reasons  for  this  more  fully.  The  succession  of  the  formations 
which  adjoin  the  first  ciystalline  zone  to  the  soirthward  is  very  difiicult  to  deter¬ 
mine,  as,  on  the  one  hand,  fossils  are  enthely  wanting,  and,  on  the  other,  the  beds 
appear  greatly  altered  by  metamorphism.  As  far  as  it  has  as  yet  been  possible 
to  explain  the  succession  of  bods,  it  appears  to  be  as  follows.  The  youngest  depo¬ 
sits  which  cannot  be  reckoned  as  belonging  to  the  nummulitics,  are  light  coloured 

*  .Stoliczka ;  .\Ieui.  Geol.  Surv.  of  India,  V,  pji.  IG-29. 

^  Strachey  :  Quart.  Journ.,  Gcol.  Soc.  Loudon,  VII. 

®  Stoliczka  :  Mein.  Geol.  Snrv.  of  India,  V,  pp.  341,  344,  348. 
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tliin-bcdcled  limestones  with  intermediate  earthy  beds,  the  whole  thickness 
measuring  from  500  to  800  feet.  The  material  of  the  intermediate  beds  spreads 
itself  so  greatly  in  some  sections,  that  the  whole  series  appears  to  consist  only^ 
of  soft  clayslate.  Under  these  lie  yellowish-red  sandstones  of  very  variable 
thickness,  from  15  to  100  feet.  These  beds  are  best  exposed  on  the  Krol 
mountain,  whence  they  are  called  by  Medlicott  the  Krol  group.  Under  these  lie 
from  1,000  to  2,000  feet  in  thickness  of  blackish  coaly  clayslates,  composing 
the  Infra-Krol  gronji.  Still  further  down  wo  find  white  quartzites,  comjjact 
limestones,  and  thick  conglomerates  with  sand.stones,  which  form  Medlicott’s 
Blini  (Blaini)  group.  These  are  finally  underlaid  by  roofing  slates  and  sand¬ 
stones,  which  Medlicott  united  in  his  Tnfra-Blini  group.  These  rest  on  true 
crystalline  schists.  We  have  thus  a  series  of  beds  several  thousand  feet  in  thick¬ 
ness  in  which  not  a  single  bed  or  division  can  bo  determined  as  to  its  age.^ 
Stoliezka,  it  is  true,  has  attempted  to  establish  a  correlation  with  the  bed.s 
on  the  north  side  of  the  first  crystalline  zone,  but  in  so  doing  he  leans  only 
on  suppositions,  and  finds  it  impo-ssible  to  adduce  a  positive  proof.®  Ho  holds 
that  the  crystalline  schists  below  the  Infra-Blini  group  represent  the  lower 
part  of  the  Babeh  series,  and  the  Infra-Blini  group  with  the  Simla  slates, 
the  upper  part  of  that  series.  The  Blini  conglomerate  he  ranks  with  the 
lowest  divisions  of  the  Muth  scries,  the  Blini  limestones  with  the  middle 

'  In  order  to  characterize  with  the  fewest  possible  words  this  uhsolute  uncertainty,  I  had,  vrlien 
alluding  to  these  beds  in  a  short  addre.ss  to  the  German  Geological  Society  (Zeitschrift  d.  D.  Geoh 
Ges.  XXVIII,  p.  644),  used  the  expression  that  these  hods  might  possibly  also  be  nunnnuUtic;  this 
•was  certainly  rather  a  strong  expression,  but  it  expressed  the  position  of  things.  1  believed  at  that 
time  that  the  strata  aronud  Simla  might  abso,  on  account  of  the  almost  absolute  absence  of  all  or¬ 
ganic  remains,  be  reckoned  to  the  iieninsnhir  type,  but  recent  discoveries  by  Lydokker  have  clearly 
shown  the  contrary.  But  even  this  error  does  not  justify  the  manner  in  wliicU  Medlicott  has  on 
that  account  attacked  me  (Record.s  Geol.  .Survey  of  India,  X,  p.  lOO)  without  bringing  home  any¬ 
thing  positive  against  me.  Mr.  Medlicott  appears,  above  all  things,  to  have  overlooked  the  fact 
that  the  statements  in  question  were  not  presented  as  a  paper,  but  as  an  op,al  address,  which  I  was 
compelled  to  make  as  brief  as  ]K)8sibly  could  be.  All  my  audience  knew  very  well  that  I  had  only 
given  a  sketch,  and  that  all  details  and  pu-oots  were  partly  already  printed  and  partly  reserved  for  a 
special  essay.  It  is  not  possible  to  use  “  foot  notes”  in  speaking.  What,  therefore,  Medlicott  wrote- 
about  the  purloining  of  the  Key  to  Indian  Geology,  I  may  ignore  with  a  clear  conscience  ;  it  merely 
proves  that  Medlicott’s  criticism  was  written  in  a  very  high  state  of  excitement.  But  1  must  e.x- 
press  my  deepest  regret  that  the  few  words  which  1  spoke  at  Jena,  and  which  I  thought  quite  harm¬ 
less,  should  not  only  have  given  occasion  for  contemptuous  utterances  about  the  whole  science 
of  paleontology,  but  also  have  served  as  a  pu-etext  to  ropwoach  the  highly  hononible  German  Geolo¬ 
gical  Society  with  a  system  of  mutual  laudation,  and  evi'n  the  whole  Toutmiie  race  with  being 
sunk  in  barbaric  instincts.  Finally,  1  cannot  avoid  remarking  tluit  1  should  cw'tainly  have  expiect- 
ed  from  the  llii'cctor  of  the  Indian  Geological  Survey  very  much  more  considerate  treatment  after 
having  sacrificed  to  the  service  of  the  depiartmeut  my  hetilth,  fortune,  and  means  of  living  in 
Kuropie. 

[Mr.  Medlicott  confesses  with  sorrow  that  he  did  become  rather  excited  at  Dr.  Waagen’s  short 
address  to  the  German  Geological  Society.  For  the  rest,  those  who  choose  cannot  fail  to  discern 
that  impatience  atpirematnro  and  oracular  spjoculatiou  indicates  respect,  rather  than  contempd,  for 
the  science  of  paleontology. — H.  B.  M.] 

®  Stoliezka;  Mem.  Geol.  Surv.  of  India,  V,  p.  141. 
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divisions,  and  the  white  quartzites  following  the  limestones  with  the  uppermost 
divisions,  while  he  claims  the  quartzites  of  Boileau-ganj  hill  and  the  garneti- 
ferous  mica  schists  of  Jako  as  equivalent  of  the  Ruling  series,  or  the  carboniferous 
limestone.  In  the  Infra- Kro!  sandstones  he  finds  so  great  a  petrological  resem¬ 
blance  to  the  Bunter  sandstone  of  the  Alps,  that  he  is  inclined  to  regard  it  as 
lower  triassic,  when  the  Krol  limestone  would  fall  to  the  upper  Trias.  But 
now  it  is  to  be  observed  that  Medlicott,  after  close  study  of  the  garnetiferous  mica 
schists  of  Jako,  regards  them  as  a  metamorphosed  facies  of  the  Infra-Krol 
beds,  and  that  elsewhere  the  Krol  limestones  appear  to  pass  into  Medlicott’s 
great  limestone,  which  has  been  recently  identified  by  Lvdekker'  with  consider¬ 
able  certainty  as  carboniferous  limestone.  For  the  present,  therefore,  more 
reasons  favour  the  assumption  of  the  palseozftic  age  of  the  whole  rock  series  of  the 
neighbourhood  of  Simla,  than  the  transfer  of  a  part  of  the  beds  to  the  Trias 
merely  on  account  of  petrological  resemblances.®  If  we  proceed  eastward  from 
the  neighbourhood  of  Simla,  it  appears  to  be  Medlicott’s  great  limestone  especially 
that  constitutes  the  limestone  formations  of  the  outer  zone.  The  most  easterly 
point,  before  reaching  the  boundary  of  Nepal,  is  the  neighbourhood  of  Naini  Tal 
and  Almora,  in  which  Medlicott  refers  to  thick  limestone,  which  he  identifies 
with  his  Krol  limestone,  and  below  which  reddish,  greenish  and  grey  slates 
appear  to  represent  the  Infra-Krol  group.  To  the  north  these  I’ocks  are  cut  off 
by  eruptive  formations,  which  arc  succeeded  still  further  north,  near  Almora, 
by  crystalline  rocks.® 

Of  the  region  around  Katmandu,  Medlicott*  only  has  furnished  any  particulars. 
There,  after  traversing  the  tertiaries,  one  crosses  a  narrow  zone  of  compact  and 
partially  crystalline  limestone  with  subordinate  slate  beds,  then  an  equally 
narrow  band  of  crystalline  rock,  when  an  extensive  limestone  region  is  immediately 
entered  upon,  which  stretches  away  to  several  miles  beyond  Katmandu  and 
there  gives  place  to  a  second  crystalline  zone.  Of  the  age  of  these  limestones 
nothing  is  known,  as  fossils  are  entirely  wanting.  Medlicott  regards  them  as 
corresponding  to  his  Krol  group,  and  it  is  quite  probable  that  they  are  for  the 
most  part  of  paleeozoic  age.  What  lies  beyond  the  second  crystalline  zone  is 
absolutely  unknowm. 

*  Lydekker :  Records  Geol.  Surv.  of  India,  IX,  p.  157. 

2  It  is  true  that  Giinihel  descrihes  (Sitzuiigsbor.  hair.  Acad.  d.  WIss.,  1865,  II,  p.  354)  a  speci¬ 
men  of  rook  said  to  come  from  the  Sclilagiutweit’s  collections  and  to  have  been  found  at  Dhai-ain- 
pur,  near  Solen,  in  the  pi-ovince  of  Simla,  which  specimen  contained  Lima  Uneaia,  Schl.,  Nat. 
gaillardoti,  Lep.,  and  Nat.  simtaensis,  Giimb.,  and  would  thus  indicate  the  existence  of  the  trias. 
But  when  one  considers  that  all  other  observers  have  found  the  rocks  around  Simla  devoid  of 
fossils,  and  further  that  Schlagintweit  adduces  cretaceous  fossils  from  the  exclusively  palmozoio 
region  of  Kudappa  (Beisen  in  Indien  und  Hochasien,  I,  p.  144),  less  weight  will  be  accorded  to 
this  specimen,  and  the  possibility  of  a  mistake  in  labelling  will  not  be  cousiderfed  as  absolutely 
inadmissible. 

^Jledlicott;  Mem.  Geol.  Surv.  of  India,  III,  p.  09.  See  also  Strachey  ;  Quart.  Journ. 
Geol.  Soc.,  London,  VII. 

'  Medlicott :  Records  Geol.  Surv.  of  India,  VIII,  p.  93. 
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Lydekker’s  work  in  the  region  west  of  Simla  is  of  the  highest  interest. 
In  a  section  across  the  Pir  Panjal  from  Snrn  to  Shahahad  in  Kashmir, ^  he 
distinguished  as  Cambrian  certain  crystalline  schists  overlying  the  gneiss,  and 
above  them  as  silurian,  a  series  consisting  of  dark-red  and  white  quartzites, 
dark  soft  schists  or  slates  with  caihonaceous  stains  and  feiTuginons  concretions, 
50  to  200  feet  thick,  and  dark  clayey,  often  bituminous  limestones  which  pass 
up  into  thick  black  clayslates.  These  beds  are  cut  off  (on  the  south)  by  a 
fault,  and  are  succeeded  immediately  by  tertiary  rocks,  out  of  which,  however, 
a  thick  limestone  reef  (the  great  limestone)  protrudes,  which  shows  itself  by 
the  presence  of  Fenestella  as  belonging  probably  to  the  mountain  limestones. 
Still  further  westward,  on  the  Jhilum,  apparently  only  the  limestones  of  the 
Silurian  series  remain,  which  are  there  regarded  by  Wynne  as  triassic. 

About  the  palseozoic  beds  of  the  neighbourhood  of  Abbotabad,  and  still 
further  west,  there  is  little  to  be  said  ;  they  are  thick  dark  clayslates  with  in¬ 
termediate  sandy  beds  which  were  designated  by  myself  and  Wynne  as  Attock 
Slates,  because  they  attain  a  great  development  on  the  Indus  near  Attock.  In 
the  direct  strike  of  these  beds  lie  the  beds  of  the  Khyber  Pass,  from  which 
Silurian  fossils  are  quoted  by  Godwin- Austen.® 

Of  the  deposits  of  the  first  facies  only  the  palceozoic  beds  of  the  Salt  Range 
remain,  which  require  to  be  more  closely  discussed.  The  Salt  Range  is  in  many 
respects  a  most  interesting  district,  because  it  is  here  that  transition  formations 
between  the  deposits  of  the  two  facies  are  exposed.  In  the  western  part  of  the 
Salt  Range  the  palaeozoic  formations  are  as  follows  :  At  the  top  lie  brownish-yellow 
sandy  clayey  calcareous  beds,  with  intermediate  harder  beds,  about  100  feet  thick, 
which  contain  innumerable  fossils,  and  among  them  the  Cephalopoda  described  by 
me.  Below  these  follow  compact  limestones  with  numei’ous  Producta,  &c.,  about 
200  feet  thick ;  then  follow  sandstones  with  intermediate  carbonaceous  beds  and 
numerous  fossils,  with  a  maximum  thickness  of  from  150  to  200  feet.  Under 
these  lie  violet  clays  with  hard  marls  and  inclusions  of  red  and  green  sandstones 
often  of  considerable  thickness,  even  up  to  300  feet. 

They  are  underlaid  by  dark  red  sandstones,  often  as  much  as  300  feet  in 
thickness.  Bright  red  marls  with  gj-psum  and  rock-salt  form  the  base  of  the 
whole  series  of  beds.  It  may  be  seen  already  from  this  succession  of  beds  that 
the  older  palseozoic  rocks  along  the  whole  length  of  the  Salt  Range  are  developed 
with  a  facies  corresponding  to  the  peninsular  type,  for  the  saliferous  beds  and  the 
overlying  sandstones  are  equally  developed  tlu’oughout  the  whole  Salt  Range,  only 
in  the  western  part  are  the  sandstones  replaced  by  conglomerates.  Above  the 
red  sandstones,  however,  follow,  in  the  eastern  part  of  the  Salt  Range,  fii-st  of  all 
a  series  of  carbonaceous  sandstones  -with  fucoids  and  a  small  brachiopod  most  nearly 
allied  to  Oholus,  from  which  Wynne  has  concluded  prematurely  that  the  beds  are 
silurian.  Higher  uj)  we  find  a  very  thick  series  of  sandstones,  shales,  dolomitic 

1  Lydekker  ;  Eecords  Greol.  Surv.  of  India,  IX,  p.  161. 

2  Godvvin-Austen  :  Quart.  Journ.  Gool.  Soc.  London,  XXII,  p.  20  ;  AVaagen  and  Wynne  : 
Mem.  Geol.  Snrv.  of  India,  TX,  p.  334. 
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sandstones,  and  shales  which  must,  on  the  whole,  correspond  with  the  upper 
palasozoio  beds  in  the  western  part  of  the  range.  It  is  very  difficult  to  follow 
up  the  several  beds  through  the  several  phases  of  their  transition  from  west  to 
east,  but  I  endeavoured  to  do  this  at  least  for  the  lowest  beds  of  the  so-called 
carboniferous  limestone,  and  found  that  they  pass,  in  progressing  from  west  to 
east,  first  into  coarse-grained  white  sandstones  (which  contain  a  very  few 
fossils,  chiefly  rolled  fragments  of  corals),  then  into  a  very  coarse  conglomerate, 
with  boulders  as  large  and  larger  than  a  man’s  head,  and  finally  into  a  homo¬ 
geneous  gray-green  sandstone  without  any  fossils,  which  appears  to  stand  in 
close  relation  to  Wynne’s  magnesian  sandstone. 

W e  have  now  entered  into  the  domain  of  the  second  facies  of  the  palaeozoic 
beds  of  India,  and  may  turn  at  once  to  the  typical  development  of  the  same  in 
the  Vindhyan  mountains.  Several  papers  have  already  been  written  on  the 
Vindhyan  mountains,  and  their  structure  and  composition  are  pretty  accurately 
known.  According  to  Mallet^  there  rests  upon  the  gneiss  a  thick  formation  of 
crystalline  and  argillaceous  schists  with  quartzites  and  limestones,**  and  on  these 
the  Vindhyan  formation  lies  quite  uneonformably.  The  latter  formation  begins 
with  sandstones,  which  are  soon  overlaid  by  thin-bedded  silicious  limestones, 
mostly  light  brown  and  grey  in  color,  with  intermediate  earthy  beds  of  variable, 
but  considerable  thickness.  The  total  thickness  of  this  lower  half  of  the  forma¬ 
tion  ranges  from  1,000  to  1,500  feet ;  above  it  comes  with  apparently  but  slight 
uncorformity  a  red  sandstone  formation  of  very  great  thickness  which  includes 
intercalated  beds  of  shales  and  conglomerate  of  greater  or  lesser  thickness,  and 
in  the  upper  beds  only,  a  rather  considerable  bed  of  compact  blue  limestone. 
Over  the  limestone  sandstones  occur  again,  and  attain  locally  a  thickness  of  3,000 
feet.  This  closes  the  Vindhyan  formation.  In  the  whole  of  this  series  of  many 
thousand  feet  in  thickness  not  one  single  fossil  has  been  discovered,  although 
special  attention  was  directed  to  that  point  by  the  Greological  Survey.  The  only 
point  of  support  one  has  on  which  to  fix  the  age  of  these  foi’mations  is  that  rolled 
debris  of  Vindhyan  rocks  is  found  already  in  the  Talchir  conglomerate,  which  is 
certainly  either  very  young  patoozoic,  or  very  old  mesozoic,  age,  shewing  that 
the  Vindhyan  series  should  probably  be  reckoned  among  the  old  paleeozoic 
formations. 

Another  palaeozoic  area  of  similar  type  has  been  described  by  Kino^  from 
the  Madras  region.  As  in  the  Vindhyan  mountains  an  upper  and  lower  division 
of  the  formation  has  been  recognized,  so  also  has  King  divided  the  palcnozoic 
deposits  of  the  Madras  region  into  two  different  groups,  of  which  he  calls  the 
lower,  the  Kadapa,  the  upper,  the  Karnul  series.  Both  of  these  are  more  highly 
metamorphosed  than  are  the  rocks  of  the  Vindhyan  mountains.  The  lower  of  the 
two  series  rests  on  the  gneiss,  and  consists  chiefly  of  clayslates  and  quartzites, 

'  Mallet  :  Mem.  Geol  Suit,  of  India,  Vll. 

®  These  beds  have  recently  been  distinguished  as  the  Gwalior  and  Arvali  scries,  but  are  in  my 
map  still  mostly  shown  as  crystalline,  as  the  materials  for  cartographic  distinction  were  not 
sufficiently  advanced. 

^  King  t  Mem,  Geol.  Suit,  of  India,  VIII. 
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while  the  tipper  series,  which  rests  unconformably  on  the  lower,  includes 
numerous  limestones  besides  quartzites  and  clayslates.  The  same  series  of  beds 
was  observed  by  Foote*  along  the  whole  southern  edge  of  the  great  basaltic  region 
in  the  South  Mahratta  country.  Here,  as  in  the  Madras  region  and  the  Vindhyan 
mountains,  not  a  trace  of  a  fossil  is  to  be  fonnd. 

Greatly  richer  in  inclusions  of  the  remains  of  organic  beings,  and  conse¬ 
quently  far  more  interesting  to  the  palaeontologist,  are  the  Indian  mesozoic  forma¬ 
tions.  Here  also  two  types  are  distinguishable,  in  accordance  with  which  the  de¬ 
posits  in  different  parts  of  the  country  are  developed ;  but  here  they  are  also  charac¬ 
terized  by  their  fossils.  If  we  first  look  more  closely  at  that  kind  of  develop¬ 
ment  which  from  its  principle  occurrence  in  the  Himalayas  has  been  termed  the 
“  Himalayan  type,”  and  w'hich  contains  exclusively  marine  sediments,  we  shall 
find  it  best  developed  in  the  North-Western  Himalayas,  northward  of  the  first 
crystalline  zone.  Above  the  carboniferous  limestone  comes  a  long  series  of  lime¬ 
stones  alternating  with  softer  beds,  in  which  the  faunas  can  be  very  -well  divided 
according  to  the  several  horizons.  Stoliczka^  has  left  us  the  most  reliable  in¬ 
formation  about  these  formations,  the  occurrence  of  which,  in  Spiti  especially,  he 
has  more  fully  described. 

The  trias  there  begins  with  a  bed  of  limestone,  consisting  almost  entirely 
of  the  shells  of  Halobia  lommeli  (as  determined  by  Stoliczka),  overlying 
crumbling  shales  with  Spirif.  Iceilhavi  and  Prod,  semireticidatus.^ 

Above  this  limestone  follows  a  kind  of  ”  giant-oolite,”  which  yielded  the  great¬ 
est  number  of  the  fossils  described  by  Stoliczka.  It  passes  up  into  thin-bedded 
earthy  limestones  without  fossils.  This  series  of  beds  composes  Stoliczka’s  Li- 
lang  series.  Beyrich*  has  tried  to  make  it  appear  probable  that  the  whole  fauna 
derived  from  these  beds  belongs  to  the  Muschelkalk  period,  but  that  possibly  the 
upper  beds,  which  in  Spiti  are  poor  in  fossils,  might  be  fossiliferous  in  the 
north  of  Kumaun  and  in  other  places,  and  contain  faunas  of  the  Keuper  age. 

The  next  higher  division  recognized  by  Stoliczka  is  the  Para  limestone.  This 
is  but  a  few  feet  thick  in  Southern  Spiti,  but  increases  in  thickness  to  about  1,000 
feet  to  the  northward  of  the  Baralatze  pass.  They  are  dolomitio  limestones, 
partly  massive,  partly  thin-bedded,  and  then  veiy  earthy.  The  only  fossils  they 
have  yielded  are  Blceroaardimii  himalagmse,  Stoliczka,  Megalodon  triqueter  Wulf., 
some  Chemnitzias  and  Neosclmodm.  Above  these  beds  follows  a  series  of  lime¬ 
stones,  about  200  feet  thick,  whose  lowest  beds,  however,  appear  to  belong  already 
to  the  lowest  juT-a  (lias).  Stoliczka  calls  these  limestones  Tagling  limestones. 

*  Foote  :  Mem.  Oeol.  Sniv.  of  India,  XII. 

”  Stoliczka  :  Mem.  (leol.  Surv.  of  India,  V. 

“  Among  tlie  materials  wlucU  Stoliczka  collected  on  hi,?  tour  to  Yarkand,  I  saw  a  Ceratite  of 
the  typo  of  the  Salt  Range  fonns,  together  with  a  globose  Ammonite  from  the  same  bed  ;  the 
‘  Bunter  Sandstcin”  appiars  thus  to  he  represented  also  in  other  places.  Also  Amm.  peregrinus, 
Beyr.  and  the  Spiti  rock  specimens  described  by  Giimhe],  point  to  the  existence  of  the  Bunter 
Sandstein. 

*  Beyrich  :  Abhandl.  Akad.  d.  Wissensch.,  Berlin,  I86t?,  p.  141-147. 
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They  are  brown  or  grey,  sandy  or  earthy,  often  oolitic,  more  rarely  compact  and 
thick-bedded,  and  contain  innumerable  fossils,  which  can  in  great  part  be  identi¬ 
fied  with  species  from  the  Kossener  beds.  The  occurrence  of  Nerinseas  and  large 
Belemnites  in  these  beds  is  remarkable.  In  two  places,  on  the  Parang  pass  and  the 
Tagling  pass,  Stoliczka  noticed  in  the  uppermost  beds  of  these  limestones,  which 
appeared  to  be  of  blue  grey  colour  and  compact,  some  species  common  to  the 
Hierlatz  beds,  according  to  which  the  limestones  would  have  been  considered  as 
liassic.  This  is  the  only  case  in  which  in  the  whole  vast  region  of  India  liassic 
fossils  are  mentioned  with  confidence.  The  Tagling  limestone  is  covered  bj'’  hard¬ 
ened  shales  with  Posidonomyas  ;  they  form  the  transition  to  the  well-known  Spiti 
shales  which  long  since  furnished  Ammonites  to  the  European  collections.  It  has 
not  yet  been  attempted  to  carry  out  a  closer  sub-division  of  the.se  beds  ;  but  it  is  at 
any  rate  quite  certain  that  the  greatest  number  of  the  fossils  were  derived  from 
a  bed  which  corresiionds  in  age  with  the  uppermost  jui'a  of  Europe  (the  Kimmer- 
idge  and  Tithonian  groups),  and  that  Stoliezka’s  views  as  to  their  age,  and 
also  many  of  his  determinations  of  species,  must  be  considered  as  erroneous. 
The  thickness  of  the  Spiti  .shales  hardly  ever  exceeds  500  feet,  but  is  general¬ 
ly  less.  Above  them  follow  sandstones  (Gieumal  sandstones)  which  contain  in 
Spiti  but  a  very  meagre  fauna,  and  in  which  farther  to  the  westward  I  observed 
Trigonias  resembling  those  of  the  Oomia  group  in  Kachh.  These  sandstones 
conclude  the  Jurassic  formation.  The  cretaceous  series  is  represented  in  Spiti 
by  the  Chikkim  limestones  and  Chikkim  shales,  the  former  of  which  enclose  frag¬ 
ments  of  the  shells  of  Rndistoe. 

The  distribution  of  the  secondary  rocks  northward  of  the  first  crystalline  zone 
eastward  from  Ngari-Khorsum  is  but  very  little  known.  Strachey  mentions 
Jurassic  Ammonites  from  Eastern  Nepal;  but  this  statement  has  not  been  confirmed 
recently.  Jura.ssic  Ammonites  have,  however,  been  cited  with  greater  certainty 
from  the  immediate  neighbourhood  of  Lhassa. 

Not  nearly  so  complete  a  series  is  that  of  Mount  Sirban,  but  it  is  not  the  less 
interesting,  because  one  of  the  most  easterly  localities  for  marine  fossils,  south  of 
the  first  crystalline  zone.  Here  lie,  unconformably  on  the  palaeozoic  schi.sts,  red  sand¬ 
stones  and  thick  silicious  dolomites,  whose  position  in  the  mosozoie  succession  of 
beds  remains  uncertain,  as  fossils  are  wanting.  Above  these  come  dark,  thick- 
bedded  limestones, with  silicious  concretions,  and  sections  of  Megalodon  and  Bicero- 
cardium.  The  limestones  pass  up  into  thin-bedded  limestones  and  slates,  which 
appear  to  be  equivalent  to  Stoliezka’s  Tagling  limestone.  The  Sjoiti  shales  rest 
unconformably  on  these,  a.nd  are  succeeded  upwards  by  grey  sandstones,  the  equi¬ 
valents  of  the  Gienmal  sandstone,  and  finally  by  hard,  sandy  limestones,  with  Gault 
fossils.  Grey,  thin-bedded  liraestoneswithout  fossils  conclude  the  mcsozoic  series. 
With  similar  development,  but  generally  decreased  thickness,  and  with  the  Spiti 
shales  generally  replaced  by  a  few  limestone  beds,  the  mesozoic  formations 
stretch  away  westward  along  the  Chittapahar  into  the  country  of  the  Afridis. 

The  mesozoic  formations  of  the  Salt  Range  are  rather  better  developed 
Above  the  uppermost  beds  of  the  palseozoic  come,  firstly  veiy  hard, flaggy  limestones. 


280 


Records  of  the  Geological  Survey  of  India. 


[voL.  XI. 


then  greenish  marls,  then  sandstones,  and  finally,  again  limestones.  The  Ceratites 
described  by  De  Koninok  occur  throughout  all  this  series,  which  in  age  very  pro¬ 
bably  represents  the  Bunter  Sandstein  of  Europe,  although  Myophorias  resem¬ 
bling  a  Muschelkalk  species  occur  already  in  the  uppermost  limestones.  Above 
these  lie  variegated  beds,  partly  sandstone,  partly  marls,  with  many  fragments  of 
coal  and  extremely  few  ill-preserved  mollusks.  Not  till  the  middle  Jurassic  pe¬ 
riod  do  beds  appear  again,  which  are  determinable  according  to  their  age.  These 
are  limestones  with  but  few  fossils,  over  which  follow  again  variegated  beds  with 
intercalated  alum  shales.  Then  follow  oolites,  and  finally,  distinct  Kelloway  beds. 
These  are  overlaid  by  black  .shales  resembling  the  Spiti  shales,  and  with  which 
the  Jurassic  sei’ies  concludes.  Above  them  lie  green  sands  with  neocomian  fossils. 
These  are  succeeded  by  beds  of  very  varied  constitution,  now  resembling  the  ores 
of  the  Kressenberg,  then  sandstones,  then  again  yellow  marls,  rich  in  fossils,  which 
perhaps  represent  the  uppermost  chalk,  but  whose  exact  age  can  only  be  deter¬ 
mined  with  certainty  after  careful  working  out  of  the  fossils.  This  is  the  succes¬ 
sion  of  beds  in  the  western  pai’t  of  the  Salt  Range ;  in  the  eastern  part  follow, 
above  Wynne’s  magnesian  sandstone,  red  slaty  sandstones,  with  numerous  salt 
pseudomorphs,  probably  triassic  in  age,  and  above  them  greyish  green  sandstones 
which  may  well  belong  to  the  cretaceous  period. 

Southward  of  the  S-alt  Range  a  complete  series  of  the  secondary  formations  is 
nowhere  to  be  found,  but  only  individual  members  of  the  same  wliich  appear 
sporadically.  The  marine  deposits  of  the  age  of  the  trias  especially  have  dis¬ 
appeared  almost  entirely  ;  only  from  Burma  has  Mr.  Theobald  brought  some  spe¬ 
cimens  of  Halobia  cf.  lommeli,  which  lead  me  to  conclude  the  existence  of  marine 
triassic  beds.  Their  geographical  distribution  can  only  be  made  out  with  difii- 
culty  on  Theobald’s  ^  map. 

The  marine  beds  of  the  Juras.sic  system  have  a  wider  extension.  In  my 
work  on  the  Kachh  Cephalopoda  I  already  drew  attention  to  the  existence 
in  various  places  under  the  sands  of  the  Rajputana  desert  of  Jurassic  beds 
■which  have  in  some  cases  already  yielded  fossils.  Nothing  is  known  of  the  suc¬ 
cession  of  beds,  or  their  occurrence  elsewhere.  The  rocks  are  sandstone  and  shales ; 
the  fossils  chiefly  indicate  a  relationship  to  the  Katrol  sandstone.  To  indicate  the 
distribution  of  the  Jurassics  in  this  region,  I  have  in  my  little  map  placed  some 
Jurassic  patches  at  random  within  the  limits  of  the  Rajputana  desert. 

These  Jurassic  beds  connect  those  of  the  Salt  Range  with  the  Kachh  beds. 
Unfortunately  the  lowest  beds  of  the  Kachh  Jura  are  not  exposed,  as  the  crystal¬ 
line  rocks  only  crop  up  to  the  northward  of  the  Runn,  while  the  lowest  beds  of 
the  Jura  first  appear  from  under  the  Runn,  some  10  to  15  miles  to  the  southward. 
These  lowest  beds  form  the  Patchum  group.®  They  are  earthy  sandstones  of  yel¬ 
lowish  or  yellowish  grey  colour,  containing  numerous  gasteropods  and  bivalves. 


1  Theobald  :  Mem.  Geol.  Survey  of  India,  X. 

2  Waagen  :  Jurassic  Fauna  of  ICachh;  lutroductiou. — Palseontologia  Indica. 
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They  are  succeeded  by  grey  marly  limestones,  with  numerous  Bracliiopoda  and 
corals,  which  close  the  Patchum  group.  Above  them  lie  limestones  and  oolites, 
with  intermediate  clayey  beds  (Macrooephalus  beds),  then  clays  with  nodules  of 
ironstonefA/iceps  beds),  then  white  marly  limestones  'with.  JPeltoc.  athlcta,  and  finally, 
oolites  with  Asptdoc.  2^erarm.atum.,&c.,  of  -which  the  Char ee  group  is  composed.  The 
next  higher  group,  the  Katrol  group,  includes  but  two  di\''isions :  the  Kuntkote 
sandstones,  soft  iron-stained  sandstones,  with  fossils  of  the  type  of  the  higher 
Oxford  beds  ;  and  the  Katrol  sandstones,  harder,  partly  calcareous  sandstones,  of 
grey  and  red  colour,  with  a  true  Kimmeridge  fauna.* *  The  last  group  that  was  dis¬ 
tinguished  is  the  Oomia  group, which  forms  two  sub-divisions:  one  of  sandstones 
and  conglomerates  with  marine  fossils,  amongst  which  a  couple  of  “Portland” 
species  occur ;  the  other  of  sandstones  and  shales  with  plant  remains.  Covering 
the  jurassics,  Stoliczka  discovered,  finally,  a  bed  of  oolite,  which  yielded  two  spe¬ 
cies  of  Aptian  fossils. 

I  have  already  pointed  out,  in  my  work  above  quoted,  the  remarkable  fact 
that  the  type  of  the  marine  fossils  occurring  in  Kachh  reminds  one  much  more 
of  the  far  distant  European  jurassic  formations  than  of  the  closely  adjoining 
jui-assic  beds  of  the  Himalayas.  While  numerous  European  species  of  Cepha¬ 
lopoda  occur  in  Kachh,  only  a  single  Himalayan  species  has  been  identified  with 
a  European  one ;  whereas  the  numerous  species  of  the  genus  Cosmoceras,  as  well 
as  the  great  number  of  Aucellas,  indicate  a  certain  relationship  between  the 
Himalayan  and  Russian  juras.  It  appeals,  therefore,  that  two  great  jurassic 
regions,  the  Europo-Indian  and  the  Russo-Himalayan,  meet  in  the  Punjab,  and 
that  they  were  perhaps  connected  with  each  other  by  a  naiTow  strait,  as  the  jura 
of  the  Himalayas  and  the  jura  of  Kachh  have  only  five  species  in  common.  We 
know,  however,  so  little  about  the  geological  conditions  of  the  Hindu  Kush,  that 
it  is  quite  impossible  to  draw  any  conclusion  as  to  the  extension  of  the  jurassic 
sea  in  a  north-westerly  direction. 

This  brings  the  marine  deposits  on  the  western  side  of  India  to  an  end,  with 
the  exception  of  certain  cretaceous  beds,  which  I  shall  consider  more  closely 
further  on.  Marine  beds  appear  next  again  on  the  south-east  coast  of  the  Penin¬ 
sula,  and  they  are  jurassic.  The  sandstones  and  shales  which  underlie  the  South 
Indian  cretaceous  rocks,  and  which  were  described  by  H.  E.  Blanford  as  the 
Ootatoor  plant  beds,  have  long  been  kno\vn.  Oldham-  already  expi’essed  a  most 
decided  opinion,  that  these  plant-bearing  beds  belonged  to  a  system  of  beds  differ¬ 
ing  from  the  cretaceous  system ;  and  Stoliczka^  believed  himself  justified  in  deter¬ 
mining  the  equivalent  Sripermatur  beds  by  their  fossils  to  be  of  jurassic  age. 
It  is  only  recently  that  those  deposits  have  been  fully  described  by  Poote.^  At 


'  Oil  tlie  character  of  this  fauna,  see  also  Beyi-ich  ;  Sitzungsber  Akad.  d.  Wiss.,  Berlin.  Sitzuiig 
voin.  8  Marz.  1877,  p.  97. 

-  Oldham  :  Note  iu  Bhmford’s  Memoir;  Mem.  Geol.  Surv.  of  India,  IV. 

^  Stoliczka :  Records  Geol.  Surv.  of  India,  I,  p.  59, 

*  Foote  :^Mcm.  Geol.  Surv.  of  India,  X,  p.  63. 
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that  place  are  eoaree  white  sandstones,  which  probably  lie  directly  on  the  gneiss ; 
above  these  follow  sandy  shales,  which  in  their  turn  are  covered  by  about  10  feet 
of  soft  friable  sandstone,  above  which  occur  finally  the  fossiliferons  beds,  indur¬ 
ated,  and  often  porcellanoid  shales  of  light  bluish-grey  colour,  and  from  8  to  10 
feet  thick.  The  fossils  consist  of  numerous  plant  remains,  mixed  up  with  marine 
shells,  which  latter,  however,  are  unfortunately  so  badly  pireserved,  that  their 
specific  determination  is  impossible.  To  me'  the  Ammonites  appeared  some¬ 
what  like  neocomian  forms,  but  much  importance  must  not  be  attached  to  the 
typie  in  the  absence  of  specific  agi-eement.  More  recently  similar  beds  have  been 
found  by  King^  in  the  lower  Godavari  valley,  and  their  fossil  contents  have  been 
determined  by  Stoliczka  as  corresponding  to  the  fauna  of  the  Kachh-Oomia  beds. 
Since  then  it  has  been  shewm  that  these  semi-marine  deposits  have  a  consider¬ 
able  development  in  the  Godavari  district,  and  form  two  groups,  which  King 
distinguishes  as  the  Tripetty  sandstones  and  Ragavapuram  shales;^  The  upper 
group  consists  of  dark-bronm  feiTuginous  sandstones  and  conglomerates,  which 
become  softer  and  more  friable  as  you  descend,  and  which  include  lenticular 
masses  of  shales,  with  plant  remains  and  marine  shells.  The  lower  group,  which 
corresponds  closely,  according  to  King’s  view,  with  the  Sripermatur  beds,  con¬ 
sists  only  of  hardened  shales,  which  include  the  remaims  of  marine  shells,  as  well 
as  plant  remains.  None  of  these  molluscan  faunas  have  as  yet  been  closely 
examined,  and  it  is  only  known  that  many  species  agree  with  others  from  the 
Kachh-Oomia  beds.  This  concludes  the  series  of  localities  belonging  to  the 
Jurassic  period,  and  containing  traces  of  marine  fossils,  and  we  may  now  turn  to 
the  cretaceous  formations ;  but  for  this  purpose  we  must  return  again  to  the 
west. 

We  have  seen  that  certain  beds  in  the  Salt  Range  which  a23pear  from  below 
the  nummulitic  rocks,  and  have  a  tolerably  wide  extension,  may  possibly  repre¬ 
sent  the  cretaceous  rocks.  Similar  deposits,  developed  on  a  large  scale,  were 
observed  by  BalR  in  the  country  of  the  Luni  Pathans  ;  but  he  discovered  no  deci¬ 
sive  pnimal  forms  in  them.  The  same  beds  are  also  cited  by  Blanford“  as  under¬ 
lying  the  nummulitic  beds  in  Sind ;  but  these  are  well  exposed  at  but  few 
places.  The  existence  of  equivalent  deposits  in  Kachh  is  doubtful.  It  is  true 
Wynne®  distinguished  a  sub-nummulitic  group  there;  but  it  is  very  doubtful 
whether  its  members  are  equivalent  to  the  Sind  and  Salt  Range  bods. 

Of  very  high  interest  are  the  so-called  Bagh  beds,  which  reach  far  into 
the  interior  of  the  Peninsula  in  their  very  abnormal  extension.  They  appear 


1  Waagen  :  Palajontologia  Indica  ;  Jurassic  Fauna  of  Kutcli,  I,  p.  236. 
=  King :  Records  Geol.  Surv.  of  India,  VII,  p.  159. 

3  King  :  Records  Geol-  Surv.  of  India,  X,  p.  56. 

■<  Ball :  Records  Geol.  Surv.  of  India,  VII,  p.  153. 

‘  Blanford  :  Bccoi-ds  Geol.  Surv.  of  India,  IX,  p.  11. 

«  Wynne :  Mem.  Geol.  Surv.  of  India,  IX,  p.  66. 
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to  occiipy  inTariably  a  bathrological  position  below  the  basaltic  flows ;  while 
certain  grounds  exist  for  regarding  the  above-qiToted  dcjiosits  in  the  Salt 
Kange  and  Sind  as  in  part  contemporary  with  the  basaltic  eruptions.  In 
any  case,  according  to  their  marine  fossils,  the  Bagh  beds  represent  a  part  of 
newer  (middle)  chalk.  Their  distribution  is  confined  to  the  lower  Nerbudda 
valley,  where  they  appear  in  many  places  below  the  trap.  Blanford  gives  full 
information  about  these  beds  in  his  excellent  description  of  Western  India.'  At 
Cherakhan,  the  richest  locality  for  fossils,  the  beds  shew  the  following  section  : 
At  the  base,  sandstone  and  conglomerate,'20  feet  thick ;  above  these,  concretionary 
limestone  with  silicious  excretions,  20  feet  thick  ;  still  higher  up,  clayey  limestone, 
■with  many  fossils,  ^'articularly  echinoderms,  10  feet  thick  ;  and  finally,  hard  lime¬ 
stone,  locally  cellular,  with  numei'ous  Bnjozoa  and  frag'ments  of  oysters,  10  to 
20  feet  in  thickness.  The  echinoderms  were  closely  examined  by  Duncan,®  -w^ho 
ascertained  that  the  greater  number  of  species  wore  identifiable  with  Upper 
Greensand  species.  It  is  doubtful  -^rhether  the  sandstones  and  conglomerates 
which  form  the  base  of  the  above  section  should  not  bo  regarded  as  a  western 
extension  of  the  Jabalpur  or  Mahadeva  beds,  'which  forms  a  connection  between 
these  and  the  Kachh  plant  beds.  Southward  of  the  Tapti  river  there  are  hardly 
any  more  localities  shewing  Bagh  beds,  so  that  the  southern  boundary  of  these 
beds  may  be  assumed  to  bo  here.  Still  farther  south,  we  meet  with  no  further 
marine  mesozoic  deposits  on  the  western  side  of  the  Peninsula.  On  the  east  side, 
on  the  contrary,  wm  find  the  cz’etaceous  rocks  of  the  neighbourhood  of  Trichino- 
poly,  which  are  so  exceedingly  rich  in  organic  remains. 

The  cretaceous  deposits  of  Trichinopoly  district  have,  it  is  true,  been  worked 
out  palajontologically  by  Stoliezka  in  a  very  remarkable  way;  but  it  still  appears 
that  there  are  many  points  [of  interest  to  be  determined  with  reference  to  the 
stratigraphy  of  these  formations.  Our  present  knowlerlgo  of  the  relations  there 
existing  is  based  mainly  on  H.  P.  Blanford’s  compendious  Monograph.®  He 
recognizes  three  principal  groiips,  which  are  depo.sited  on  the  primary  rocks  in 
overlajjping  beds.  The  lowest,  or  Ootatoor,  group  begins  with  coral  limestones, 
which  are  overlaid  by  fine  sandy  clays  and  sandstones  with  subordinate  lime¬ 
stone.  Above  these  follows  the  second,  or  Trichinopoly,  group,  consisting  of 
sandy  clays  and  conglomerates,  which  include,  but  only  in  the  northern  part  of 
the  area,  numerous  limestones  abounding  in  fossils.  The  uppermost  of  the 
three  groups  is  termed  the  Arialoor  group ;  but  at  its  base  a  sub-group, 
the  Valudayur  group),  has  been  distinguished.  The  latter  consists  of  limestones 
and  conglomerates  which  pass  up)  into  sandy  concretionary  limestones  with 
numerous  fossils.  The  age  of  all  these  beds  was  determined  by  tStoliczka  as 
belonging  to  the  period  from  the  Cenomanian  to  the  Seuonian.'* *  It  Avas  thought 


'  Blanford,  W.  T. :  Mom.  Geol.  Surv.  of  India,  VI;  and  Records  Geol.  Suiw.  of  India,  V,  p.  82. 
2  Uuncan ;  Quart.  Journ.  Geol.  Soc.,  London,  XXI,  j),  349. 

^  Blanford,  H.  F.  :  Mem.  Geol.  Surv.  of  India,  IV. 

*  Stoliezka :  Records  Geol,  Surv.  of  India,  I,  p.  59,  and  further  on  in  many  places. 
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till  lately  tliat  these  South  Indian  cretaceous  rocks  were  limited  to  the  Trichinopoly 
basin,  but  more  recently  traces  of  them  have  been  found  further  north.  Foote 
already  met  with  loose  blocks  of  a  cretaceous  rock  in  the  neighbourhood  of  Sri. 
permatur,!  but  was  unable  to  trace  the  bed  in  situ.  King"\  on  the  contrary, 
discovered  richly  fossiliferous  rocks,  of  probably  cretaceous  age,  in  the  Godavari 
district,  below  the  trap  which  there  occurs  sporadically.  These  he  regards  as 
Lametas,  but  the  fossil  species  there  collected  require  to  be  more  accurately 
determined. 

The  most  northerly  localities  with  marine  cretaceous  rocks  on  the  east 
side  of  the  Indian  Peninsula  are  the  Khasi  and  Garrow  hills,  or,  as  Medlicott 
terms  it,  the  Shillong  plateau.  On  descending  from.Cherra  Punji  to  the  south, 
one  meets  below  the  nummulitic  beds  first  of  all  a  sandstone  200  feet  thick 
and  of  uncertain  age,  fossils  being  entirely  unknown  in  it.  Below  it  alternate 
limestones  and  sandstones,  with  a  thickness  of  about  500  feet,  which  appear 
finally  to  terminate  with  conglomerates  at  their  base.®  Stoliczka* *  has  submit¬ 
ted  the  fossils  collected  by  Medlicott  to  a  careful  examination,  and  found  that 
the  highest  fossiliferous  beds  contain  Corals  and  Bryozoa ;  in  the  middle  beds 
Cephalopoda  pi-edominated  (  e.  g.,  Amm.  plmmlatus,  dispar,  Orliignijanus,  Gein., 
pacificus,  Stol.  &c.),  while  the  lower  part  which  is  best  exposed  on  the  Theria  Ghat 
includes  numerous  gusteropods  and  pelecypods,  the  greater  number  of  which 
agree  with  South  Indian  species,  but  amongst  which  there  are  also  many 
novelties.  The  cretaceous  beds  now  under  consideration  appear,  on  the  whole,  to 
correspond  most  nearly  with  the  South  Indian  Arrialoor  group. 

To  the  southward  of  these  beds  cretaceous  rocks  appear  again  below  the 
nummulitic  deposits  in  Burma,®  but  they  require  closer  examination. 

This  is  the  last  spot  at  which  marine  mesozoic  formations  ajipear  in  India. 
The  remaining  beds  of  similar  age  are  vast  accumulations  of  sandstone  which 
show  themselves  by  their  inclusions  of  plant-remains  and  by  the  total  absence 
of  marine  fossils  to  have  been  formed  in  inland  basins.  It  is  impossible  for  me 
to  describe  closely  and  fully  the  several  beds  composing  these  deposits,  par- 
ticul'drly  as  a  good  deal  of  uncertainty  still  exists  among  Indian  geologists  as  to 
the  correlation  of  the  sub-divisions  in  the  different  areas  of  deposition.  This 
uncertainty  is,  however,  not  unnatural  when  one  considers  that  the  various  inland 
basins  in  -which  these  beds  were  deposited  were  very  probably  but  slightly  or  not 
at  all  connected,  so  that  only  the  palaeontological  data  can  indicate  the  correspond¬ 
ence  of  the  several  groups.  The  very  scattered  distribution  which  these 
deposits  exhibit  when  represented  on  the  map  may  probably  be  due  just  as 


■  Foote  :  Mem.  Geol.  Surv.  of  India,  X. 

2  King :  Records  Geol.  Surv.  of  India,  VII,  p.  159. 

“  Medlicott:  Mem.  Geol.  Surv.  of  India,  VII,  p.  168. 

*  Stoliezka  :  In  Medlicott’s  Mem.  ibid.,  p.  181. 
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much  to  denudation  as  to  any  peculiarity  in  the  manner  of  original  deposition. 
Oldham’s’  view  that  the  great  hydrological  basins  of  the  Indian  Peninsula  were 
already  at  the  period  of  deposition  of  the  Damuda  beds  similar  to  what  we  now 
know  them  to  be,  and  that,  consequently,  the  geograjDhical  distribution  of  the 
plant  beds  agrees  on  the  whole  with  these  river  basins,  is  one  of  particular  in¬ 
terest. 

The  whole  of  this  associated  series  of  formations,  with  the  exception  of 
those  which  correspond  in  age  to  the  upper  cretaceous,  has  recently  been  designat¬ 
ed  in  India  the  Gondwana  series,  and  the  following  groups  in  ascending  order  have 
been  generally  recognized:  1,  the  Talchir;  2,  the  Damuda;  3,  the  Panchet; 
4,  the  Mahadeva  or  Rajmahal;  5,  the  Jabalpur;  but  this  succession  of  beds  is 
subject  to  considerable  change  according  to  whatever  basin  a  locality  may  be 
situated  in,  II.  Blandford^  has  distinguished  with  much  skill  certain  geogra¬ 
phically  limited  regions  which  show  the  succession  of  beds  develojied  according 
to  various  types.  The  following  are  the  regions  adopted:  I,  Western  Bengal  ; 
II,  Orissa,  Sirguja,  South  Behar,  and  South  Bewah ;  III,  the  Satpnra  basin ; 
IV,  the  Godavari  basin ;  V,  the  deposits  in  the  neighbourhood  of  Madras  and  Tri- 
chinopoly ;  VI,  Kachh.  The  two  last  regions  need  not  be  noticed  by  us  nov,',  as 
they  contain  beside  the  plants  also  the  remains  of  marine  animals,  and  as  the 
deposits  occurring  in  them  have  already  been  treated  of ;  but  with  regard  to  the 
remaining  divisions,  it  will  be  judicious  to  adopt  the  divisions  given  by  H, 
Blanford,  but  one  more  province  must  be  added,  No.  VII,  Sikkim,  as  there  also 
only  plant  beds  occur.  It  would  hardly  be  of  any  interest  to  enumerate  all  the 
innumerable  sandstones,  shales,  conglomerates,  and  coal  seams  which  compose  the 
Gondwana  scries,  and  aggregate  to  some  12,000  feet  in  thickne.ss  ;  it  will  suffice 
to  represent  simply  the  type  of  the  deposits  in  the  different  regions.  I’he  first 
of  Blanford’s  regions  includes  the  carboniferous  basin  of  the  Damuda  valley,  the 
Kajmahal  hills,  and  countless  bttle  coal  basins,  often  not  more  than  a  square 
mile  in  extent,  distributed  Over  the  gneiss  plateau  which  extends  westward  from 
the  lower  course  of  the  Ganges.  The  development  of  the  beds  in  the  Raniganj 
coal-field,  as  described  by  W.  T.  Blanford®  may  pass  as  a  type  for  this  whole 
region,  with  the  exception  of  the  Rajmahal  hills. 

The  succession  of  beds  in  that  region  is  as  follows.  At  the  top  lie  perfectly 
unfossiliferous  coarse  sandstones  and  conglomerates  about  600  feet  thick  ;  Blanford 
calls  them  the  “  Upper  Panchets,”  but  it  is  hard  to  decide  whether  thej  should 
not  pei’haps  be  reckoned  to  the  Rajmahal  group.  Belo^v  these  follow  the  true 
Panchet  beds,  which  consist  of  coarse  sandstone  and  red  shales,  wnich  pases 
down  into  greenish  and  grey  clay  with  fine-grained  sandstones.  Their  thickness 
is  about  1,600  feet.  These  deposits  have  yielded  numerous  fossils,  and  amongst 
them  are  not  only  plant  remains,  but  also  Vertebrata  (fishes,  Dicynodon  orientalis, 


’  Oldham  :  Records  Geol.  Surv.  of  India,  III,  p.  5. 

^  H.  Blanford  :  Quart.  .lourn.  Geol.  Soc.,  London,  XXXI,  p.  519. 
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Hux.,  Oonioghjptus  longirostris,  Hux.,  Pachygonia  incurvata,  Hux.,  Anhistrodon, 
sp.,  &c.,)  and  Estheria.  Lower  down  follows  the  Damnda  group,  which  is  divi¬ 
sible  into  three  divisions  according  to  Blanford ;  upper’most  lie  the  Raniganj 
carboniferous  beds,  aboirt  5,000  feet  thick,  consisting  of  coarse  and  fine-grained 
sandstones  and  shales,  with  intercalated  coal  seams,  which  may  bo  followed  over 
great  distances ;  fossils  are  common,  but  consist  only  of  plant  remains.  In  the 
middle  Ue  the  ironstone  shales,  about  1,400  feet  thick,  and  consisting  of  black 
carbonaceous  shales  with  numerous  beds  of  clay  ironstone.  At  the  base  lie  the 
lower  Damuda  or  Barakar  beds,  coarse  conglomerates  and  white  sandstones 
with  numerous  coal  seams,  which  arc,  however,  rather  irregular,  and  thin  out 
frequently  within  short  distances ;  they  contain  plant-remains,  and  are  about 
2,000  feet  thick.  The  lowest  group  recognized  by  Blanfoi’d  is  the  Talcliir 
gToup,  which  is  composed  of  coarse  white  or  bluish-green  sandstones  at  top, 
below  them  of  fine  greenish-grey  clay,  which  is  in  part  sandy,  then  of  sandy 
shales  and  fine-grained  sandstones ;  finally  comes  as  basement  the  so-called 
‘boulder  bod,’  consisting  of  large  I’ounded  blocks  of  older  rocks  which  bear  traces 
of  carriage  by  ice,  and  are  embedded  in  a  fine  clayey  .sandy  matrix.  Fossil  plants 
occur  in  the  upper  beds  of  the  gi’oup,  but  'are  very  rare ;  the  thickness  of  the 
group  is  about  800  feet. 

This  completes  the  type  of  the  deposits  for  the  whole  of  Western 
Bengal,  with  exceqjtion  of  the  Rajmahal  hills.  On  these  no  detailed  accounts 
are  yet  available' ;  but  it  is  generally  known  that  Talohir  and  Barakar  beds  are 
well  develojjed  there.  Over  them  lie  coarse  sandstones  (Oldham’s  Doobraj- 
pur  group),  which  may  perhaps  correspond  with  the  Panchet  group,  but  which 
may  also  have  to  be  reckoned  to  the  lower  series.  Above  these  follow,  with 
universal  unconformity,  the  Rajmahal  bed.s,  alternations  of  basalt  (?)  with 
sandstones  and  shales  which  contain  the  well-known  Rajmahal  plants. 

If  we  turn  to  H.  Blanford’s  second  province  we  see  a  good  development 
of  the  lower  beds.  The  Talchirs  and  Barakars  occur  in  great  force ;  the  Rani- 
ganj  and  Panchet  beds  appear  to  be  absent,  but  the  Rajmahal  and  Jabalpur 
groups,  on  the  contrary,  appear  sporadically  at  several  places.  Of  the  greater 
part  of  this  region  detailed  descriptions  are  still  wanting,  but  the  Talchir  coal¬ 
field  may  be  taken  generally  as  the  type.’’  The  Talchir  group  is  there  found  , 
resting  on  primary  rocks  ;  it  begins  with  the  highly  characteristic  ‘boulder  bed,’ 
above  which  follow  fine-grained  sandstones  and  blue  shales  with  calcai-eous  con¬ 
cretions.  The  total  thickness  of  the  group  is  from  500  to  COO  feet.  A  few 
plant-remains  are  found  in  the  upper  beds.  These  are  succeeded  upward  first 
by  coarse  sandstones,  then  by  shales,  which  attain  together  a  thickness  of  about 
100  feet.  These  are  covered  by  about  150  feet  of  carboniferous  shales,  above 
which  come  finally  coarse,  highly  felspathic  sandstones,  and  dark  micaceous  shales 

'  Volume  XI 11  of  the  Memoirs  of  the  Geological  Survey  of  India  is  not  as  yet  accessible  to 
me. 

"  Mem.  Geol.  .Surv.  of  India,  1,  and  W.  T.  Blanford  ;  Kecords  Geol.  Surv,  of  India,  V,  p.  63. 
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with  clay  ironstone  beds  aggregating  about  1,500  feet  in  thickness,  and  which 
conclude  the  Damuda  series. 

Higher  up  follow,  unconformably,  conglomerates  and  coarse  sandstones,  which 
were  originally  regarded  as  representatives  of  the  Mahadeva  group,  and  which 
should  jDei’haps  still  be  regarded  as  such,  but  this  question  is  hard  to  decide  in 
the  total  ab.sence  of  fossils.  The  thickness  of  this  latter  division  ranges  from 
1,500  to  2,000  feet.  To  the  south-east  of  Talohir,  however,  unquestionable  Raj- 
mahal  beds  appear  in  the  Atgarh  coal-field ;  in  South  Rewnrh,  on  the  contrary, 
the  deposits  of  the  Jabalpur  group  rest  directly  on  the  beds  of  the  Damuda 
formation,  and  are  of  groat  extent  and  thickne.ss. 

Of  all  the  provinces  the  Satpura  basin  shows  the  most  perfect  series  of  beds. 

MedlicotD  distinguishes  numerous  group.s  which  constitute  the  following 
series.  Hirst  of  all  is  the  Talchir  ‘  boulder  bed,’  resting  on  the  crystalline  rocks, 
above  it  come  greenish  and  reddish  clayey  sandstones  and  sandy  clays,  also  be¬ 
longing  to  the  same  group.  On  these  lie.s  the  Barakar  group,  consisting  chiefly 
of  sandstones  with  intercalated  coal  seams,  and  having  a  thickness  of  from  400 
to  500  feet.  Higher  up  follows  a  system  of  shales  with  included  sandstone.s, 
within  w'hich  Medlicott,  distinguished  three  groups,  Motur,  Bijori,  and  Almod. 
In  the  second  of  those  remains  of  an  Arclierjosanvus  were  discovered.  Their 
total  thickness  is  from  3,000  to  4,000  feet.  Those  are  succeeded  upwards  by  the 
Mahadeva  series,  which  also  forms  three  groups  :  at  the  base,  the  Pachmari  group, 
consisting  almost  entmely  of  sandstones,  and  ranging  in  thickness  up  to  8,000 
feet;  in  the  middle  comes  the  Denwa  group,  composed  of  clays  and  sandstones, 
with  occasional  thin  limestone  beds,  in  all  1,200  feet  thick.  At  the  top  comes 
the  Bagra  group,  gi-ey  and  red  conglomerates,  800  feet  in  thickness.  The  series 
is  capped  by  the  J abalpur  group,  consisting  of  soft  sand.stones  500  to  600  feet 
thick. 

Of  some  parts  of  Blanford’s  fourth  province  we  have  again  very  good  descriji- 
tions,  especially  those  of  W.  T.  Blanford,  of  the  neighbourhood  of  ISTagpur.® 
Here,  again,  as  in  Bengal,  Orissa,  and  on  the  Herbudda,  we  have  first  the  Talchir 
boulder  bed  resting  on  the  gneiss,  but  there  is  little  more  to  be  seen  of  the  beds 
of  that  group.  Above  follow  chiefly  hard  yellow  sandstone.s,  sometimes  available 
as  millstones,  wliich  compose  the  Kamthi  group.  Of  the  age  of  this  group,  as 
compared  with  the  horizons  recognized  and  described  in  other  basins,  it  is  very 
difficult  to  say  anything  with  certainty,  but  it  might  perhaps  be  not  quite  erro¬ 
neous  to  place  the  Kamthis  on  the  border  of  the  Damuda  and  Panchet  forma- 
tions.3  Above  them  the  fresh- water  beds  of  the  cretaceous  series  (the  Lametas) 
are  well  dovelopied. 


*  Aledlicott :  Mem.  Geol.  Surv.  of  India,  X. 

^  W.  T.  Blanford :  Mem.  Geol.  Surv.  of  India,  IX,  p.  295. 

®  Dr.  Peistmantel,  in  an  essay  apparently  jrablislied  in  Calcutta  (without  mention  of  tlie  place 
of  publication,  of  the  printer,  or  of  the  date),  desires  to  have  the  Mangli  beds,  with  Brachiops 
laticeps,  Owen,  regarded  as  Panchet,  while  Blanford  asserts  very  distinctly  that  those  beds  are 
not  sep.arable  from  the  reniuinder  of  the  Kamthis  which  Feistmantel  assumes  to  bo  Damudas. 
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The  succession  of  beds  on  the  Lower  Godavari,  wliicb  W.  T.  Blanford  and 
King  have  described  in  several  23apers  in  tbe  Records,  is  more  complex.  Tbe 
following  tabular  statement  bas  been  recently  put  forward  by  King : — 
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Sironnha  sandstones.  > 


PTacherla  sandstones. 


Barakars. 

Talehirs. 


Tbe  Talcbirs  sbow  bere  as  everywhere  else  tbe  same  litbological  characters. 
Above  them  follow  tbe  Barakars,  coarse  sandstones  with  very  few  coal  seams, 
■wbicb  have  a  strong  litbological  resemblance  to  tbe  equivalent  deposits  in  other 
basins.  Tbe  Kamtbis  are  tbe  first  to  sbow  a  differentiated  development. 

The  Chintalpoody  sandstones  are  rather  fine-grained,  and  variegated  in  red, 
brown  and  ynolet  colors ;  the  D  amapett  sandstones,  on  tbe  contrary,  are  coarser 
and  less  iron-stained.  They  include  rather  largo  clay  galls  with  plant-remains. 
Tbe  Tacherla  sandstones  are  chiefly  brownish  or  reddish,  but  their  position  is  still 
somewhat  uncertain. 

With  tbe  Sironcha  sandstones  we  enter  tbe  region  of  the  Upper  Gondwanas. 
They  are  grey  and  brown  highly  micaceous  sandstones,  over  wbicb  come  conglo¬ 
merates  and,  finally,  slaty  brownish-grey,  violet  and  yellow  sandstones,  with  2)lant- 
remains.  A  higher  horizon  is  occupied  by  the  red  clays  of  Maleri,  in  which  have 
been  found  Hyperodapcdon,  Parasuchiis^,  and  Geratoihis  hidopianus,  hunterianus, 
virapa  and  ohlongus,  Oldham.®  The  Kota  limestone  with  remains  of  Aechmodus 
and  Lepidotus^  appears  to  be  only  a  local  dejiosit  in  the  red  clays.  Hughes  and 
King^  have  recently  also  discovered  plant-remains  in  these  beds.  The  Gondwana 
series  is  concluded  in  this  province  by  the  Chikiala  sandstone.s,  wLich  are  com¬ 
posed  of  brown  and  red  iron-stained  sandstones  and  conglomerates,  and  show 


*  The  new  work  on  the  fossils  of  the  Kota-Maleri  beds  by  Egerton  and  Miall  is  also  unfor¬ 
tunately  still  inaccessible  to  me. 

®  Oldham :  Mem.  Geol.  Surv.  of  India,  I,  p.  295. 

*  Quart.  Journ.  Geol.  Soc.,  VII,  p.  272 ;  IX,  p.  350,  &c. 

■* *  Hughes :  Kecords  Geol.  Surv.  of  India,  1 X,  p.  86. 
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generally  a  great  likeness  to  tlie  Tripetty  sandstones,  but  have  Htberto  yielded 
no  traces  of  marine  organisms. 

There  remains  now  but  tbe  plant-bearing  beds  of  Sikkim  to  be  mentioned. 
They  are  grey  sandstones  with  coal  seams  which  protrude  in  no  great  thickness 
from  below  the  overturned  crystalline  schists.  Though  so  slightly  developed 
vertically,  the  beds  have  yet  a  considerable  horizontal  extension,  as  they  follow 
the  foot  of  the  mountains  from  the  eastern  boundary  of  Nepal  all  through 
Sikkim. 

The  age  of  all  the  several  divisions  of  the  Gondwana  system  in  relation  to  the 
scale  accepted  in  Europe  was  till  recently  but  very  approximately  determined ; 
and  even  still,  after  that  so  much  has  been  settled  by  Foistmantel’s  work  on  the 
floras  of  these  deposits,  the  discussion  of  this  theme  cannot  yet  be  regarded  as 
at  an  end,  as,  in  regard  to  stratigraphic  palasophytology,  there  has  been  till  now 
no  opportunity  for  really  foundational  work. 

According  to  Feistmantel’s  publications  we  can  set  up  the  following  synchro¬ 
nistic  table  of  the  divisions  of  the  Gondwana  system : — 
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The  period  of  the  Muschelkalk  is  entirely  wanting  in  this  table :  w'hat  has 
become  of  it  ?  Has  really  every  trace  disappeared  in  the  Indian  Peninsula  of  the 
deposits  of  a  period  during  which  a  great  series  of  beds  was  developed  in  the 
Himalayas  ? 

It  is  not  my  intention  to  review  hero  all  the  phases  which  the  views  have 
passed  through  with  reference  to  the  age  of  the  several  deposits  ;  this  much  only 
appears  certain,  that  the  Talchir  boulder  bed  with  its  glacial  blocks  must  in  all 
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probability  be  transferred  to  the  end  of  the  palseozoic  era,  or  even  possibly  into 
it,  and  that  the  youngest  jjlant  beds  reach  up  to  the  time  of  the  Upjier  Jura. 
For  the  latter  fact  there  are  positive  data,  as  plant-bearing  beds  are  found 
in  Kachh  united  with  others  containing  a  very  rich  marine  fauna.  There  is  a  series 
of  beds  3,600  feet  in  thickness,  which,  as  I  have  shown,  represent  the  Jui’a  from 
the  Bathonian  to  the  Portiandian  in  uninterrupted  succession,  in  which  every 
several  bed  is  characterized  by  numerous  species  of  Oephalojooda,  is  succeeded  by 
a  series  of  shales  and  sandstones  -with  land-plants,  also  some  3,000  feet 
thick,  which  in  its  turn  is  overlaid  by  Aptian  beds.^  There  can  thus  be  no 
doubt  about  the  bathrological  position  of  the  plant-bearing  beds,  and  their  age 
is  thus  indirectly  fixed,  that  they  must  belong  to  the  uppermost  divisions  of  the 
juras  or  the  lowest  divisions  of  the  cretaceous  system.  Dr.  Feistmantel  has 
recently  endeavoured  to  settle  the  age  of  these  jjlant  beds  directly,  by  working 
out  the  fossil  plant- i-emains,  and  has  arrived  at  the  astonishing  result  that  accord¬ 
ing  to  the  plant  species  occurring  in  them,  these  beds  must  be  regarded  as 
liassic,  or  at  most  as  middle  Jurassic.  The  age-determinations  thus  deduced  from 
the  marine  fossils  and  the  plant-remains  do  not  agree  at  all,  indeed  they  lead  to 
results  of  considerable  divergence.  Bach  of  the  two  age-determinations  is  right 
according  to  the  present  position  of  our  knowledge,  but  which  of  the  two 
approaches  nearest  to  absolute  truth  can  unfortunately  not  be  decided,  as  for  that 
purpose  we  should  require  to  know  the  laws  of  development  of  the  vegetable 
world  from  step  to  step  as  accurately  as  we  know  the  succession  of  the  marine 
molluscan  fauna.  We  are  here  met  by  a  contradiction  that  will  only  be  solved 
by  time,  and  perhaps  in  India. 

It  is  therefore  rather  difficult  to  understand  that  Dr.  FeistmanteF  should 
try  and  minimize  the  importance  of  his  discovery  by  taking  all  imaginable  trouble 
to  explain  the  inadequacy  of  the  Cephalopoda  determined  by  me  for  the  certain 
determination  of  the  age  of  the  beds,  and  to  show  that  the  remaining'  mollusca 
contained  in  the  Oomia  beds  should  be  determined  as  species  belonging  to  the 
Bath  Oolite.  The  way  in  which  he  proceeds  to  do  this  shows,  indeed,  at  the 
fii’st  glance,  that  he  can  hardly  have  ever  studied  and  collected  j  urassic  faunas 
in  the  field,  for  by  such  a  jjroceeding  as  he  applies,  it  might  not  bo  difficult  to 
bring  the  oolites  of  Portland  Island  into  the  Bathonian  group.  Ho  overlooks  en¬ 
tirely  that  Mr.  Tate,  on  whom  ho  chiefly  supports  himself,  has  fallen  into  the  same 
error,  like  the  majority  of  French  inquirers,  in  confounding  the  facies  with  the 

'  See  on  the  suhject  of  Stoliezka’s  labours  in  this  direction, — Blanford :  Records  Geol.  Surv. 
of  India,  IX,  pp.  80,  81. 

-  reistmantel:  Records  Geol.  Surv.  of  India,  IX,  p.  115,  4&c.  Jahrb.  fiir  Min.  Geol.  u.  Petref. 
1877,  and  elsewhere.  Expressions  such  as,  “  The  Jura  of  Kachh  was  previously  regarded  as  lower 
oolitic  (and  correctly  so),  etc,”  scattered  through  PeistnianteTs  letters,  can  only  have  been  written 
with  the  intention,  on  the  one  hand,  of  discrediting  Stoliezka’a  truly  admirable  surveys  and  his 
sub  division  of  the  Kachh  Jirra,  and,  on  the  other  hand,  of  casting  doubts  on  my  determination 
of  species,  for  it  is  simply  impossible  that  such  a  number  of  Kelloway,  Oxford,  Kimmeridge,  and 
Portland  species  could,  if  correctly  determined,  be  found  occurring  anywhere  in  the  Lower 
Oolite. 


Part  4.]  Waagen:  Geographical  dtsirilidion  of  fossil  organisms  in  India.  291 

age  of  the  bed.  Dr.  Feistmantel  appear.s  to  believe  that  I  worked  oat  the  Kachh 
Cephalopoda  without  deigning  to  give  a  look  to  the  other  fossils.  But  this  was 
not  the  case  ;  on  the  contrary,  I  went  over  all  the  remaining  shells  as  well  as  the 
corals  together  with  Dr.  Stoliczka  very  clo.sely,  and  we  both  came  to  the  same 
conclusion,  that  the  Gasteropoda,  Pelecypoda,  Bracluoi)oda,  and  Corals  fully 
justified  the  conclusions  on  the  ago  of  each  several  bed  as  deduced  from  the 
Cephalopoda.1  It  was  not  till  then  that  I  published,  with  Dr.  Stoliczka’s  assent, 
the  tabular  view  given  in  the  introduction  to  the  Cephalopoda. 

As  far  as  I  can  judge.  Dr.  Feistmantel  a25pears  to  me  to  misunderstand,  to 
a  certain  extent,  the  great  problem  which  awaits  the  phytopala:ontologist  in 
India,  and  the  solution  of  which  is  certainly  worthy  of  great  sacrifices.  A 
series  of  floras  has  become  known  in  Europe  whose  relative  ages  have  been  de¬ 
termined  either  by  accompanying  marine  fossils,  or  by  their  bathrological  positions 
with  reference  to  beds  containing  marine  shells.  But  the  geological  series  of 
these  floras  is  not  a  continuous  one,  as  in  the  case  of  the  marine  faunas,  but  a  very 
impei*fect  one,  compiled  from  different  localities.  But  in  India  the  very  con¬ 
trary  is  the  case.  W  e  have  here  before  us  a  fragment  of  a  very  old  continent  on 
which,  from  the  end  of  the  palaeozoic  epoch  through  all  the  duration  of  the  me- 
sozoic  era,  fresh-water  depo.sits  containing  numei-ous  plant-remains  have  been 
left  behind,  whereby  it  is  possible  to  trace  the  changes  of  the  floras  from  step 
to  step,  as  has  been  done  in  Europe  in  the  case  of  the  marine  faunas.  Added  to 
this  is  the  fortunate  circumstance  that  the  coast  lines  of  this  continent  are  still 
preserved  in  very  many  jjlaees,  so  that  carbonaceous  beds  which  give  promise 
of  the  discovery  of  plant-remains  are  often  intercalated  between  the  marine 
deposits.  All  conditions  combine  so  as  possibly  to  make  India  a  comiiendium 
of  palaeophytology,  such  as  England  has  bccoine  of  the  palaeontology  of  marine 
faunas.  But  an  examination  of  the  fossil  floras  of  India  should  not  be  begun 
by  calling  in  question  securely  settled  facts,  such  as  the  age-determination  of  the 
Kachh  beds  by  means  of  the  47  European  species  of  Cephalopoda  which  occur 
in  their  appropriate  zones  ;  care  should  rather  be  taken  to  bring  all  imaginable 
factors  into  consideration,  and  to  seek  to  ascertain,  by  minute  personal  collection 
in  the  several  coal  basins  on  the  one  hand,  and  by  careful  examination  of  the 
intermediate  coaly  beds  in  the  marine  formations  on  the  other  hand,  facts  which 
might  give  safe  general  foundations  for  a  stratigiuijhic  palaBo^jhytology. 

I  should  not  have  entered  so  fully  upon  this  point  but  for  the  fear  that  Dr. 
Feistmantel  might,  from  his  position  as  Palceontologist  of  the  Geological  Survey, 
confuse  for  ever  the  palffiontology  of  the  marine  faunas  of  India,  and  thus  render 
this  part  of  the  earth’s  surface  inaccessible  for  really  scientific  research.  I  shall, 
however,  not  allow  myself  to  express  any  opinion  of  Dr.  Feistmanters  labour  on 
fossil  plants ;  this  may  be  done  by  more  competent  people  than  myself. 

There  can  be  hardly  any  doubt  that  all  the  divisions  of  the  Gondwana 
system  which  I  have  treated  of  in  the  foregoing  pages  owe  their  origin  to  inland 

*  As  quite  correctly  supposed  by  W.  T.  Blanford.  Records  Gcol.  Surv.  of  India,  IX,  p.  81. 
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waters  but  whether  they  were  deposited  by  rivers  or  in  lake  basins  I  will  leave 
undecided. 

I  must  still  I’efer  briefly  to  another  group  of  beds  not  included  in  the  Gond- 
wana  system,  which  also  appears  to  have  been  formed  in  inland  basins.  These 
are  the  Lameta  beds  which  were  originally  united  by  J.  G.  Medlicott  rrith  lower 
deposits,  but  which  were  shown  by  W.  T.  Blanford  to  be  the  probable  fresh- 
W'ater  equivalent  of  tho  Bagh  beds.  They  show  the  following  section  at  the 
Lameta  GhAf^  near  Jubbulpoor :  At  the  base  lie  dark  violet  or  greenish  shales,  then 
follows  loose  greenish  sandstone,  then  concretionary  limestone,  and  finally  sandy 
silicious  lime.stone  that  foiuns  the  most  characteristic  memlrer  of  the  group. 
These  silicious  limestones  are  to  be  seen  under  the  basalt  at  many  places  in  South 
Rewah  and  along  the  lower  course  of  the  Nerbudda,  but  their  horiziontal  extension 
is  always  very  small.*  They  were  also  shown  by  Blanford  to  occur  in  the  neigh¬ 
bourhood  of  Nagpur,^  and  appear  also  elsewhere  in  the  Godavari  basin  under 
the  basaltic  flows.  These  beds  have  hitherto  yielded  hardly  anything  beside 
badly  preserved  reptilian  bones. 

In  the  western  part  of  the  Khasi  hills  are  coal  beds®  belonging  to  the  cre¬ 
taceous  period,  which  may  perhaps  there  also  indicate  fresh-water  deposits  of 
that  period. 

With  the  commencement  of  the  tertiary  era  the  geography  of  the  land  changes 
somewhat.  Marine  beds  appear  again  south  of  the  first  crystalline  axis  of  the 
Himalayas,  for  the  first  time  since  the  palaeozoic  era.  They  are  nummulitic 
formations  of  great  thickness  which  follow  the  south  foot  of  the  mountains,  but 
which  extend  but  a  short  distance  eastward  beyond  the  Sutlej.  Wynne  has 
already  several  times  pointed  out  the  great  pctrographical  difference  between  the 
nummulitic  beds  in  the  Himalaya  and  those  out.side  of  it,  but  no  .sufficient  expla¬ 
nation  has  yet  been  offered  for  this.  The  Himalayan  deposits  of  the  eocene 
period  are  remarkable  for  thick  series  of  dark  shales  (which  often  appear  meta¬ 
morphosed  into  true  clay-slates)  and  grey  limestones,  the  whole  system  being 
poor  in  fossils.  These  pass  upward  into  bright  red  sandstones  which  only  in 
part  still  appear  to  be  of  marine  origin,  and  which  may  perhaps  be  preferably 
assigned  to  the  oligocene.  The  nummulitic  beds  which  are  thus  developed  have, 
together  with  the  red  sandstones,  been  recently  distinguished  as  the  Siimur 
group.®  This  facies  is  found  westward  of  the  Jumna  along  the  whole  south  edge 


'  W.  T.  Blanford,  Mem.  Gcol.  Surv.  of  India,  IX,  p,  322,  says  expressly  :  Not  a  single  marine 
fossil  lias  been  found  tlirongliont  the  great  plant-bearing  series  from  the  Talcliir  to  the  Rajinahals, 
and  I  cannot  help  thinking  it  most  probable  that  all  were  river  deposits  ;  the  Talchirs  might  be 
lacustrine,  etc. 

®  J.  G.  Medlicott :  Mem.  Gcol.  Surv.  of  India,  II,  p.  196.  See  also  H.  B.  Medlicott  :  Records 
Geol.  Snrv.  of  India,  V,  p.  115. 

®  W.  T.  Blanford  :  Mem.  Geol.  Surv.  of  India,  IV. 

'*  VV.  T.  Blanford  :  Mem.  Geol.  Surv.  of  India,  IX,  p.  315. 

*  Oldham  :  Mem.  Geol.  Surv.  of  India,  I. 

“  Medlicott :  Records  Geol.  Surv.  of  India,  IX. 
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of  the  Himalaya,  in  the  Chitta  Pahar  and  the  Affridi  mountains.  South  of  that 
in  the  Salt  Range,  in  the  district  of  the  Luni  Pathans  and  in  Sindh,  light  colored 
limestones  and  marls  mth  numerous  fossils  compose  the  nnmmulitic  formation. 
A  very  interesting  classification  of  the  tertiaiy  deposits  of  Sindh  has  been  recent¬ 
ly  put  forward  by  W.  T.  Blanford,'  in  which  he  distinguishes  the  following 
groups :  1,  the  Ranikot  group ;  variegated  shales  and  sandstones,  perhaps  creta¬ 
ceous.  2,  the  Kirthar  group  (eocene)  :  green  clays,  then  yellow  limestones  rich 
in  fossils,  lastly,  massive  white  and  grey  limestones  with  many  nuramulites  and 
alveolinae.  3,  the  Hari  group  (lower  miocene  or  upper  eocene)  :  yellow  and 
brown  limestones  with  Niimm.  garaneiisis,  N.  suhlcerigatus.  Orbit.  2Jopyrar.ea ; 
above  these  thick  unfossiliferous  sandstones.  4,  the  Gaj  group  (miocene)  :  thin- 
bedded  marine  limestones,  rich  in  fossils,  clays  and  sandstones  without  nummu- 
lites.  5,  Manchhar  group  (pliocene)  :  clays,  sandstones  and  conglomerates,  with 
a  few  fragments  of  bone,  overlaid  by  thick  conglomerates. 

Extensive  nummulitic  areas  occur  in  Kachh  and  Kattiawar,  but  they  require 
closer  examination.  Eastward  of  the  Gulf  of  Cambay,  a  few  small  patches  of 
nummulitic  rock  occur  at  the  mouth  of  the  Tap  tee  river. 

Semi-marine  eocene  beds  of  very  limited  extent  occur  also  at  the  mouth  of 
the  Godavari  inclosed  between  basaltic  flows.®  In  ‘  Farther  India’  the  whole  west 
coast  consists  of  nummulitic  beds  which  extend  through  Arracan  apparently  to 
the  Kiiasi  and  Garrow  hills.  The  Haga  hills  appear  also  to  consist  in  part  of 
these  beds,  but  they  are  wanting  at  the  southern  foot  of  the  Eastern  Himalaya. 

Deposits  from  inland  waters  of  eocene  age  are  not  as  yet  certainly  knowm, 
but  some  of  the  intertrappean  fresh-water  formations  may  perhaps  belong  to  this 
period. 

The  younger  tertiaries  occupy  enormous  surfaces  on  the  western  side  of  the 
peninsula.  It  is  chiefly  in  the  Himalaya  that  these  have  been  closely  studied,  and 
there  it  was  possible  to  distinguish  several  groups.  In  the  little  map  I  employ 
for  the  whole  division  the  de.signation  best  known  in  Europe,  that  of  the  Siwa- 
lik  beds.  They  were  all  deposited  in  fresh  w'atei’s,  and  in  age,  as  in  appearance 
and  mode  of  deposition,  cannot  be  far  distant  from  the  Molasse-rocks  of  Europe. 
A  narrow  zone  of  these  beds,  which  forju  generally  a  chain  of  hills,  accompanies 
the  southern  foot  of  the  Himalaya  afShg  its  entire  length.  They  occupj’^  the 
Rawal  Pindi  plateau,  follow  the  east  foot  of  the  Suliman  Raiigo  southward,  in¬ 
cluding  the  hilly  tracts  between  the  mountains  and  the  Indus,  and  appear  to 
form  in  general  throughout  the  w'hole  vast  region  of  Rajputana  the  subsoil  out 
of  which  the  blown  sands  which  there  cover  such  great  tracts  of  land  arc  formed. 
In  the  east  a  narrow  strip  of  these  rocks  shows  itself  along  the  northern  slope  of 
the  Haga  hills;  and  along  the  lower  course  of  the  Ira  wadi  they  till  the  basin 
of  the  river  between  the  western  coast  ranges  and  the  ranges  of  primary  rocks 
in  the  east.  In  all  the  above  named  localities,  excepting  Rajputana,  mammalian 
remains  have  been  found. 


'  W.  T.  Blanford  :  Recoi’ds  Geol.  Surv.  of  India,  IX,  p.  0. 
’  Hislop  ;  Quart.  Journ.  Geol.  Soc.,  London,  XVI. 
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In  tlie  Madras  region  appear  tertiary  sandstones  of  uncertain  age  (Cuddalore 
and  Rajamundiy  sandstones)  which  I  have  ignored  in  the  little  map. 

To  complete  the  picture  of  the  Indian  succession  of  formations,  there  re¬ 
main  hut  a  few  words  to  say  on  the  bathrological  position  of  the  Deccan  trap, 
which  occupies  the  entire  western  half  of  the  Indian  peninsula  proper.  There 
can  be  no  doubt  that  the  volcanic  eruptions  to  Avhich  the  Deccan  trap  owes  its 
origin  began  already  with  the  commencement  of  the  Jurassic  epoch,  as  is  clearly 
shown  by  the  alternation  of  trap  flows  with  plant-bearing  sandstones  in  the  Raj- 
mahal  hills.  The  principal  period  of  eruption  lay  within  the  cretaceous  era,  and 
chiefly  about  the  end  of  it,  as  the  Bagh  beds  (Upper  Greensand)  are  covered 
directly  by  flows  of  genuine  Deccan  trap.^  In  Kachh  the  basalts  rest  on 
aptian  beds,  and  arc  covered  by  nummulitics.^  In  Sindh  also  they  form  the 
lowest  exposed  rock.®  On  the  lower  Godavari,  on  the  contrary,  Hislop'* *  deter¬ 
mined  certain  fossiliferous  beds,  which  are  intercalated  between  the  basalts,  as 
lower  eocene  :  finally,  the  fresh- water  shells  which  have  been  described  from  the 
intertrappean  beds  of  the  neighbourhood  of  Nagpur^  have  in  their  general  “habi¬ 
tus”  a  yet  far  younger  stamp.  It  would  appear  from  all  this,  that  the  outbursts 
of  ei’ujrtive  rock  lasted  through  very  long  periods,  beginning  perhaps  with  the 
close  of  the  trias  period  and  extending  to  beyond  the  eocene  period.  It  is  in¬ 
teresting  to  observe  that  this  period  agi'ees  pretty  closely  with  the  jjcriod  of  ele¬ 
vation  of  the  southern  part  of  the  Himalaya,  while  its  marine  deposits,  of  the 
period  of  the  later  mesozoic  foi-mations,  disai^peared  southward  of  the  first  crys¬ 
talline  zone,  and  to  the  south  of  the  Indian  peninsula  the  outlines  of  the  conti¬ 
nent  were  subjected  to  constantly  progressive  changes  through  extensive  irrup¬ 
tions. 

I  have  now  sketched  in  bold  outlines  the  succession  of  beds  composing  the 
Indian  continent,  with  the  exception  of  the  glacial  formation  and  alluvium. 
These  two  I  can  pass  over  with  a  clear  conscience,  as  they  appear  of  no  imjiort- 
anee  for  the  prirposo  of  this  essay.  On  the  little  map  I  have  shown  only  the 
aUuria  of  the  Ganges  and  Brahmaputra ;  it  stands  to  reason  that  the  other  great 
rivers  are  accompanied  by  alluvial  formations;  many  also  of  the  superficial 
deposits  in  Rajputana  may  have  to  be  considered  as  alluvia,  but  with  regard  to 
the  small  scale  of  the  map  these  features  could  bo  conveniently  left  unnoticed. 
If  we  look  back,  the  following  points  may  be  deduced  as  chief  results  of  the  facts 
already  stated : — 

I.  In  the  palffiozoic  formations  the  slaty  facies  with  marine  fossils  occurs  only 
in  the  north  and  north-west,  in  the  Himalaya,  the  Salt  Range,  the  Hindu  Kush,  and 
the  Suliman  Range.  Everything  else  belongs  to  the  sandstone  facies  and  contains 
no  fossils. 

*  Blanford:  Mem.  Geol.  Surv.  of  India,  VI. 

-  Wynne:  Mom.  Geol.  Surv.  of  India,  IX. 

®  W.  T.  Blanford :  Records  Geol.  Surv.  of  India,  IX,  p.  9. 

*  Hislop  :  Quart.  Journ.  Geol.  Soc.,  Loudon,  XVI. 

®  Hislop:  Quart.  Journ.  Geol.  Soc.,  London,  XI  and  XVL 
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2.  Of  the  triassic  period  unequivocal  marine  beds  occur  in  the  Himalaya,  but 
only  to  the  north  of  the  first  crystalline  zone,  in  Hazara,  in  the  Salt  Range,  and  in 
the  opposite  dii’ection  in  Burma.  All  other  bods  are  deposits  from  inland 
waters,  with  numerous  plant- remains. 

3.  Marine  beds  of  the  Jurassic  aud  of  the  lower  cretaceous  periods  occur  in 
the  Himalaya  north  of  the  first  crystalline  zone,  in  the  Salt  Range,  in  Rajputana, 
and  in  Kachh.  Sandstones  containing  marine  fossils  mixed  with  plant-remains 
show  themselves  to  the  west  and  north  of  Madras  and  in  the  lower  Godavari 
valley.  The  remaining  Jurassic  beds  are  depo.sits  from  inland  basins  without 
marine  fossils.  The  basaltic  eruptions  commence  dui’ing  this  period. 

4.  Marino  beds  of  the  u^jper  cretaceous  period  occur  iu  the  Himalaya,  and 
doubtfully  in  the  Salt  Range.  They  occur  also  iu  the  Suliman  Mountains  and  in 
Sindh,  also  in  the  basin  of  the  Nerbudda,  in  the  neighbourhood  of  Trichinopoly, 
aud  finally  in  the  Khasi  hills.  All  the  other  cretaceous  bods  are  deposits  from 
inland  basins.  The  basaltic  erujjtions  continue. 

5.  In  the  eocene  peiiod  the  marine  nummulitic  beds  extend  again  from  the 
west  as  far  as  the  Jumna.  They  cover  the  whole  of  Western  India,  are  indicated 
at  the  mouth  of  the  Godavari,  extend  north-westward  up  to  the  Garrow  hills,  and 
stretch  all  through  Burma  to  the  mouth  of  the  Irawadi.  Of  the  inland  basin 
deposits  only  a  few  of  the  intertrappean  beds  can  be  here  included.  The  basaltic 
eruptions  cease  about  this  period. 

6.  The  Siwalik  beds  are  entirely  of  fresh-water  origin,  and  marine  deposits  of 
this  period  are  known  only  in  Southern  Sindh,  in  the  neighbourhood  of  Kui’rachi, 
and  ^Jerhaps  in  Kachh  and  Kattiawar. 

I  have  endeavoured  to  rexiresent  graphically,  on  the  little  map  annexed,  some 
of  the  facts  put  forward  in  the  above  statements,  and  have  indicated  by  lines  tho 
boundaries  of  the  marine  deposits  of  different  epochs.  On  consideration  of  these 
boundaries,  it  will  be  seen  immediately  that  India  is  a  fragment  of  a  very  old 
continent  whose  existence  extends  back  into  probably  palaaozoic  times,  but  whose 
limits  varied  much  at  different  periods.  The  most  remarkable  fact  in  connection 
with  this  is,  that  during  the  greater  part  of  the  mcsozoic  period,  the  first  crystal¬ 
line  range  of  the  Himalaya  still  lay  within  the  boundary  of  the  continent,  so  that 
one  would  bo  almost  inclined  to  consider  this  range  as  the  old  coast  range  of  the 
former  continent.  Tho  same  thing  holds  good  with  regal’d  to  the  Arvalis,  which 
also  form  a  dam  between  the  regions  of  fresh-water  and  marine  depositions. 

The  extent  of  the  continent  was,  like  its  boundaries,  a  very  variable  one. 
Nearly  every  palaeontologist  who  has  studied  carefully  the  geographical  distribu¬ 
tion  of  animals  will  have  been  led  to  the  conjecture  of  a  once  existent  great 
continent  in  the  southern  hemisjihere  of  our  earth,  as  many  facts  can  only  be 
tolerably  explained  by  the  assumption  of  such  a  continent ;  I  need  only  recall 
“  Lemuria,”  and  H.  1'.  Blanford’s  “  Indo-Oceanic  Continent.”  It  has,  however,  not 
yet  been  attempted  to  connect  such  a  deduction  with  iiarticular  geological  facts, 
but  zoo-geographical  observations  were  relied  upon  in  the  first  place,  and  the 
choice  of  geological  arguments  was  not  exactly  a  very  happy  one. 
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Our  knowledge  of  tlie  distril)ution  of  facies  within  the  palceozoic  formations 
in  southern  latitudes  is  hardly  advanced  enough  to  allow  us  to  judge  of  palaeozoic 
times,  or  to  advocate  the  existence  of  a  southern  continent  in  the  earlier  paljBozoic 
epochs ;  and  they  are  so  widely  remote  from  us  in  time,  that  one  cannot  be  too 
careful  in  regard  of  a  decision  in  whatever  direction  it  may  be,  but  it  cannot  be 
denied  that  the  course  of  the  boundary  shown  in  the  little  map  might  possibly 
point  to  a  southern  continent. 

With  regard  to  the  mesozoic  formations,  things  are  in  a  different  position ;  one 
moves  here  already  on  firmer  ground,  as  neither  widely  extended  metamorphism, 
nor  denudation  too  greatly  advanced  by  the  length  of  time,  hinder  the  dis¬ 
covery  of  the  probably  once  existing  bouudai-ies. 

If  we  first  take  the  ti-ias  into  consideration,  we  must  regard  all  that  lies  to  the 
south  of  the  boundary  shown  in  the  little  majj  as  having  been  a  continent  at  the 
time  of  the  deposition  of  the  trias.  Although  so  extremely  well  developed  north¬ 
ward  of  the  first  crystalline  zone  in  the  Himalaya,  the  trias  possesses  absolutely 
no  beds  that  can  be  regarded  as  genuine  littoral  formations.  Some  of  the  beds 
north  of  the  first  crystalline  zone  which  Stoliczka  regarded  as  triassic  might 
possibly  be  viewed  as  such  littoral  formations,  but  in  the  absence  of  fossils  the 
supjjosition  has  no  supjiort.  At  the  present  stage  of  our  knowledge  the  lie  of  the 
boundary  along  the  first  crystalline  zone  is  the  most  probable.  A  steeply  sloping 
coast,  and,  in  consequence  of  that,  but  small  true  littoral  def)Osition,  may  be 
regarded  as  the  cause  of  the  want  of  such  deposits  ;  as  through  the  great  dis¬ 
turbance  of  the  bedding  these  deposits  were  exposed  to  such  extensive  destruction 
by  atmosphei-ic  agencies,  that  they  are  now  entirely  removed  from  our  observa¬ 
tion.  The  triassic  coast  line  is  all  the  more  clearly  to  be  seen  in  the  Salt  Range, 
where,  in  progressing  from  east  to  west,  conglomerates  and  sandstones  with  salt 
psendoraorphs  gradually  appear,  replaced  by  limestones  with  marine  fossils,  but 
between  which  intei'mediate  carbonaceous  deposits  of  very  uncertain  extent  are 
frequently  intercalated.  To  the  eastward  the  marine  deposits  of  the  trias  appear 
to  be  constantly  pushed  up  northward,  and  the  main  mass  of  the  Himalaya 
mountains  proper  consists  of  crystalline  rocks,  in  front  of  which  triassic  fresh¬ 
water  beds  are  deposited  to  the  southward  in  Sikkim.  The  boundary  line  of  the 
continent  facing  the  sea-covered  region  in  the  triassic  period  thus  traverses  the 
Salt  Range,  then  it  bends  northwai’d  up  to  the  first  crystalline  zone  of  the 
Himalaya,  follows  that  to  the  boundary  of  Nepal,  and  then  trends  pretty  straightly 
eastward,  following  the  upper  course  of  the  Brahmaputra  more  or  less,  and  thus 
cuts  the  principal  ridge  of  the  Himalaya  in  a  nearly  diagonal  direction.  Whether 
jt  then  runs  east  and  south  in  Tibet,  and  thus  finally  reaches  the  marine  trias 
beds  in  Burma,  or  whether  the  latter  should  be  brought  into  connection  with 
the  marine  trias  beds  of  “  Farther  India  ”  and  the  Indian  Archipelago,  which  is 
more  probable,  and  thus  belong  to  a  different  marine  province  from  the  Himalayan 
beds,  must,  for  the  present,  remain  undecided.  But  it  is  certain  that  the 
boundary  line  indicates  the  north  and  east  coasts  of  a  continent,  on  which  were 
deposited  the  triassic  fresh- water  beds  of  the  Indian  peninsula. 
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But  we  must  uow  tui'n  our  attention  to  tlie  formations  related  to  these 
inland  deposits.  Oldham^  had  already  pointed  out  that  the  plant-remains 
contained  in  the  sandstones  of  the  Gondwana  system  recall  similar  remains  both 
in  Australia  and  South  Africa,  and  W.  T.  Blanford-  has  called  attention  to  the 
similarity  between  the  Ecca  conglomerate  and  the  Talchir  boulder  bed.  Feist- 
manteF  has  treated  most  fully  of  the  Australian  and  African  formations  with 
regard  to  their  relation  to  the  Indian  bods,  and  gives  several  tabular  statements 
for  comparison  of  the  two  regions.  He  also  prints  a  letter  from  the  Revd. 
Mr.  Clarke  about  the  Australian  carboniferous  beds  in  which  the  succession  of 
beds  is  represented  as  follows  : — 

{Upper  beds  of  Tasmania,  Qucenslntid  ami  Victori.a. 

Clarence  river,  Wianainatta  and  Ilawkesbury  beds. 

Upper  beds  in  tbe  Newcastle  Coal-fields,  llowenfols. 
f^Marine  beds  (inonutain  limestone  fauna) 

j  Coal-measure.s,  with  plants,  of  Ki.v  Creek,  Stony  Creek,  Greta,  Mount 
I  Wingen,  <tc.  (Plants  of  mcsozoic  type). 

Lowkb  CoAt-ilEASlTEES  ^  Marine  beds,  plants  of  Smith’s  Creek,  Pt.  Stephen’s  (Mountain-lime- 
j  stone  fauna,  coal  plants). 

I  Goonoo-Goonoo. 

^Devonian. 

Of  these  beds  Feistmantel  will  only  allow  the  upper  coal-measures  to  be 
regarded  as  equivalents  of  the  Indian  Damuda  series  ;  but  the  reason  is  not 
made  quite  clear  in  his  statements.  This,  however,  affects  the  matter  but  little  ; 
the  chief  object  is,  for  the  present,  to  lay  stress  on  the  fact  that  beds  have  been 
discovered  in  Australia  which  contain  a  flora  similar  to  that  of  the  Damuda 
formation. 

The  agreement  between  India  and  Africa  appeal’s  to  be  yet  greater.  Two 
formations  have  been  distinguished  in  the  latter  country,  the  Karoo  and 
Uitenhague  formations.  Only  the  first  of  these  has  to  be  considered  with 
reference  to  the  Indian  triassic  deposits.  It  has  been  divided  into — 

Sternberg  beds, 

Beaufort  beds, 

'  Koonap  beds, 

Ecca  conglomerate. 

Blanford  has  already  called  attention  to  the  resemblances  of  this  last  division 
to  the  Talchir  boulder-bed;  the  third  has  as  yet  yielded  no  fossils  ;  so  only  the 
two  upper  divisions  remain  for  palseontological  comparison.  They  are  the  beds 
which  yielded  those  remarkable  saurian  remains  described  by  Owen,  amongst 
which  the  Dicynodonts  are  sj)ecially  noteworthy.  With  them  plant-remains 


*  Oldham  :  Mem.  Geol.  Surv.  of  India,  II. 

^  W.  T.  Blanford :  Mem.  Geol.  Sun’,  of  India,  IX,  p.  325. 

^  Feistmantel,  in  an  essay  in  German,  apparently  published  in  Calcutta,  but  without  the  name 
of  the  place  of  publication,  or  of  the  printer,  or  date  of  publication. 
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were  also  found  in  the  Beaufort  beds,  which  plants  agree  very  closely  with  the 
Indian  species  of  the  Damuda  series. 

Through  this  great  relationship  of  the  plant-remains  in  the  rocks  of  Africa, 
India  and  Atistralia,  H.  Bhinford  was  led  to  suppose  the  existence  of  a  great 
continent,  which  occupied  the  greatest  part  of  the  Indian  Ocean,  and  United 
Australia,  India  and  Africa,  and  whose  northern  coast  wo  have  just  been  trying 
to  trace  in  the  Himalaya  A  union  of  this  continent  even  with  China  would 
appear  to  have  existed  through  Sikkim.  To  the  south,  Madagascar  and  the 
Mascarene  islands  were  also  very  probably  included  in  this  continent.  It  is 
exti’emely  probable  that  towards  the  close  of  the  palaeozoic  epoch  the  greater 
part  of  this  continent  rose  above  the  sea,  and  the  migration  of  the  flora  seems  to 
have  proceeded  from  Australia,  as  the  appearance  of  Olossopteris  successively  in 
higher  beds  as  one  travels  westward  also  appears  to  indicate.  The  glacial  periods 
indicated  by  the  Talchir  boulder-bed  and  the  Bcca  conglomerate  may  have 
offered  a  barrier  to  the  rapid  advance  of  the  flora. 

In  the  Jurassic  period  we  meet  with  totally  different  circumstances.  The 
coast  line  of  this  period  is  also  entirely  wanting  in  the  Himalaya,  and  we  can 
only  conjecture  from  the  absence  of  marine  Jurassic  formations,  south  of  the 
first  crystalline  zone,  that  the  former  distribution  of  land  and  water  held  good 
eastward  of  the  Jhilum  as  well  as  in  the  neighbourhood  of  Katmandu,  in  Nepal, 
and  in  Sikkim.  In  the  Salt  Range  again  the  coast  line  is  all  the  more  distinct. 
The  upper  beds  of  the  trias  and  the  lower  beds  of  the  jura  are  here  developed 
as  such  absolutely  littoral  formations  (sandstones  with  obscure  plant-remains  and 
a  few  littoral  gasteropods  and  bivalves)  that  it  is  extremely  difficult  to  determine 
their  age  according  to  the  fossils.  Only  the  higher  divisions  of  the  jura  show 
really  marine  formations,  but  they  are  still  always  of  littoral  type.  To  the 
southward  of  the  Salt  Range  Jurassic  beds  rise  up  above  the  desert  sand  at 
Jessulmeer.  They  are  sandstones  containing  Cephalopoda  and  fragments  of 
fossil  wood,  and  show  themselves  thus  to  be  littoral  formations.  The  jurassics 
of  Kachh  are  also  littoral  throughout,  for  numerous  pieces  of  petrified  wood  and 
other  obscure  plant-remains  are  distributed  through  nearly  the  whole  series  of 
beds,  which  consists  almost  entirely  of  sandstones  and  shales,  and  is  succeeded 
above  by  genuine  plant-beds  without  marine  fossils. 

The  Jurassic  formations  on  the  lower  Godavari,  where  distinct  plant-remains 
appear  mixed  with  a  few  marine  fossils,  were  probably  deposited  at  the  mouths  of 
rivers.  The  identity  existing  between  groat  part  of  the  Godavari  species  and 
the  Kachh  species  appears  to  point  to  a  geographical  connection  between  the  two 
regions.  All  the  other  Jurassic  deposits  of  the  Indian  peninsula  are  fresh- water 
deposits  without  marine  fossils. 

I  have  drawn  the  coast  lino  in  the  little  map  as  based  on  the  facts.  Accord¬ 
ing  to  this,  the  connection  with  South  Africa  which  I  advocate  for  the  triassic 
period  has  completely  disappeared  in  the  Jurassic  period.  The  Indian  continent 
terminated  southward  with  Ceylon,  but  in  the  east  it  was  probably  connected 
with  a  still  larger  continent. 
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If  we  look  at  the  distribution  of  the  marine  Jurassic  deposits  on  the  east 
coast  of  Africa,  we  shall  see  at  once  that  the  connection  of  the  Indian  continent 
with  the  African  one  had  ceased.  It  is  very  pleasing  to  see  how  soon  my  con¬ 
jecture  that  the  Jurassic  sea  extended  westward  from  Kachh  and  reached  Africa 
has  been  confirmed,  Beyrich  having  described  a  rich  Ce2jhalojiodoas  fauna  from  the 
neighboin-hood  of  Mombas,  which  allows  of  an  exact  recognition  of  the  horizon 
of  the  Katrol  sandstones.^  Even  the  quality  of  the  rock  consisting  of  richly 
ferruginous  geodes,  less  sandy  than  those  in  Kachh,  which  enclose  the  fossils, 
is  alike. 

There  can  also  be  hardly  any  doubt  that  the  marine  Jurassics  forming  in 
South  Africa  the  uj^per  division  of  the  Uitenhagne  group  should  be  corre¬ 
lated  with  the  Kachh-Oomia  beds.  The  underlj^ing  Geelhoutboom  beds  enclose 
Jurassic  plant-remains,  which  are,  according  to  Feistmantcl,  neaily  related  to  the 
Eajmahal  fossils,  yet  differ  so  much  that  a  more  complete  geograjihical  sej)aration 
of  the  two  j3i’ovince.s  may  be  thereby  indicated.  To  regard  the  Trigonia  beds, 
with  Tate,  as  lower  oolitic,  or  bathonian,  will,  after  the  discoveries  made  in 
Kachh,  hardly  enter  into  the  mind  of  a  geologist  exjierienccd  in  the  Jurassic  I'ocks. 

The  occurrence  of  Jurassic  beds  in  iladagascar  is  interesting  for  the  deter¬ 
mination  of  the  distribution  of  the  sea  during  the  Jurassic  epoch.  They  arc 
dejiosited  against  and  to  westward  of  older  rocks,  and  thus  indicate  ju'obably  the 
western  coast  of  a  continent  of  which  Madagascar,  and  possibly  also  the  ilas- 
carene  islands  are  remaining  fragments  It  was  the  remainder  of  the  old  tiaassio 
continent,  probably  still  of  gi'eat  extent,  but  having  become  insular  already 
in  the  Jurassic  period,  for  to  the  eastward  we  again  meet  with  Jurassic  marine 
beds  on  the  western  coast  of  Australia.^ 

To  the  north-eastward  the  Indian  continent  was  ajjpai’ently  connected  with 
China  and  “  Farther  India,”  but  we  must  wait  for  further  information  about 
thefse  regions  from  Richthofen. 

The  lower  cretaceous  accords  in  its  distribution  closely  with  the  upper 
Jura,  for  which  reason  I  have  not  shown  them  separately  on  the  mafi.  The 
upper  cretaceous  first  shows  a  distinctly  different  geogTaphical  distribution, 
and  must  therefore  be  considered  separately.  In  the  north,  owing  to  the  want 
of  distinctly  littoral  deposits,  the  extent  of  the  former  cretaceous  can  only  be 
determined  by  the  lu’esence  or  absence  of  marine  deposits.  Supported  by  such 
rather  indirect  reasons,  I  have  laid  down  the  marine  boundary  of  the  ujqier 
cretaceous  as  running  through  north-west  India,  but  perhaps  in  reality  it  extends 
much  further  west  through  Beluchistan.  The  Bagh  beds  in  the  Nerbudda  region 
are,  on  the  contrary,  true  littoral  foimations  ;  a  few  Echinoderms,  Oysters,  and 
Bryozoa  tenant  the  thin  deposits.  Whether  these  Bagh  beds  were  directly  con¬ 
nected  round  Ceylon  with  the  cretaceous  beds  in  Trichinopoly  district,  or 

'  Boyrich  :  Sitziingsber.  Acad.  d.  W.  Berlin,  1877,  p.  96. 

2  Tlie  figures  given  by  Moore  (Quart.  Jouru.  (Jeol.  Soc.,  London,  XXVI,  226,)  of  tlie  fossils 
of  tliis  Jurassic  region  are  unfortunately  so  indistinct  tbat  no  opinion  can  be  formed  about  the 
several  species. 
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wlietlier  tlie  connexion  with  Madagascar  and  the  Mascarene  islands  was  again 
restored  in  the  cretaceous  jieriod,  can  at  present  hardly  be  decided.  We  have 
certainly  got  excellent  littoral  formations  in  the  South  Indian  cretaceous 
beds  which  contain  even  land  shells  (Ilelicidw).  The  cretaceous  bed.s  of  the 
Gan-ow  hills  show  the  same  development,  and  it  cannot  be  doubted  that  they 
were  connected  with  the  Triehinopoly  beds.  It  appears  equally  certain  that  the 
South  African  crctaceou.s  beds  described  by  Grie.sbach^  owed  their  origin  to  the  same 
marine  basin  as  did  the  South  Indian  beds.  We  have  therefore  certain  east  and 
west  coasts  of  the  Indian  continent  in  the  cretaceous  periods,  and  the  north  coast 
also  will  not  inquire  to  be  greatly  changed ;  the  south  coa.st,  on  the  contrary,  is  un¬ 
certain,  but  I  have  inserted  it  similarly  to  the  jurassic  coast  lino  a.s  questionable. 

Tlio  extension  of  the  eocene  >sea  in  India  wa.s  similar  to  that  of  the  cretaceous 
sea  ;  it  was  only  to  the  west  that  the  sea  penetrated  far  inland  ;  but  how  far  the 
continent  may  have  extended  to  the  .south  at  this  period  is  still  quite  uncertain. 

After  the  conclusion  of  the  eocene  epoch,  tho  sea  retreated  altogether  from 
India  ;  only  in  the  neighbourhood  of  Karrachi  and  Arracan  does  it  appear  to 
have  touched  the  Indian  continent,  so  that  the  sea  of  the  mioceue  and  pliocene 
periods  probably  extended  away  to  the  southward.  On  the  other  hand,  a  north¬ 
westerly  connection  of  the  continents  probably  took  place  with  North  Africa 
through  Arabia,  as  has  been  already  assumed  by  Huxley. 

If  we  look  back  once  more,  we  find  that  the  simple  facts  of  the  geographi¬ 
cal  distribution  of  the  formations,  and  the  formational  facies  in  India,  allow  of 
obtaining  deep  insight  into  the  changeful  history  of  the  distribution  of  land 
and  water  through  long  periods  and  over  a  great  part  of  the  southern  hemisphere 
of  our  earth,  as  India  partieijmted  in  all  the  changes,  and  always  formed  part 
of  the  great  southern  continent  which  was  so  often  broken  up  and  then  re-con¬ 
nected.  I  have  in  my  deductions  purposely  loft  out  of  consideration  the  geogra¬ 
phical  distribution  of  the  fauna  and  flora  of  the  present  world-epoch,  as  I  wished 
to  move  on  purely  geologico-palseontological  ground  .  It  may  remain  for  other 
searchers  to  decide  how  far  my  deductions  agree  with  those  obtained  from  the  zoo- 
or  phyto-geographic  facts.  This  much,  however,  is  cei-tain,  that  H.  Blanford’s 
supposition  of  an  Indo-Oceanic  continent  that  united  Africa,  India  and  Australia, 
and  existed  with  few  intei-ruptions  and  without  imjiortant  changes  from  the  end 
of  the  palfeozoic  up  to  the  miocene  and  pliocene  periods,  is  thoroughly  erroneous, 
and  that  such  a.ssnmption  is  not  justified  by  the  geographical  distribution  of  the 
marine  depo.sits  either  in  India  or  any  other  jiart  of  the  world. 

How  far  the  Indian  continent  as  now  established  has  in  the  course  of  ages 
been  related  to  the  great  mountain  formations  to  the  east,  north,  and  west  as  a 
block  (Festlandsscholle),  according  to  Suss’  meaning,  I  hope  perhaps  to  be 
able  to  show  in  another  essay. 

Explanation  op  the  Map. 

Although  the  map  may  to  a  certain  extent  be  understood  from  what  has  been 
said  above,  it  may  not  be  superfluous  again  to  emphasize  those  points  which 


*  Quart,  Jouni.  Gcol.  Soc.,  XXVII,  p.  53, 
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demand  closer  consideration  in  order  to  appreciate  justly  what  it  has  been  at¬ 
tempted  to, represent.  Above  all,  it  cannot  be  pointed  out  too  frequently  that 
the  map,  although  intended  to  give  a  general  fiicture  of  the  distribution  of 
the  formations  in  India,  has  been  constructed  for  the  special  purpose  of  showing 
the  distribution  of  the  sea  and  the  continents  during  the  mesozoic  period,  and 
that  for  this  reason  a  number  of  the  jmunger  superficial  formations  have  been 
omitted  entirely,  specially  all  alluvia  (with  exception  of  the  abnormally  exten¬ 
sive  alluvia  of  the  Ganges  and  Brahmaputra),  also  the  latcrite,  which  is  developed 
to  such  great  thickness  and  extent,  and  further  the  nrammaliferous  gravels  of  the 
Deccan,  and  the  Cuddalore  sandstone,  etc.  The  eruptive  formations,  excepting 
the  so-called  Deccan  trap,  have  been  everywhere  neglected  ;  and  even  the  small 
outlier  of  Deccan  trap  which  in  Rajahmundry  district  encloses  brackish  water 
nummulitic  beds  and  rests  itself  upon  presumably  cretaceous  rocks,  had  to  bo 
omitted  because  of  the  small  scale  of  the  little  map.  The  great  space  indicating 
the  wide  extension  of  the  Siwalik  beds  in  and  to  the  noi'th  of  the  llajputana 
desert  is  intended  more  to  point  out  the  probable  once  existing  extension  of  the 
fresh-water  lake  in  which  those  beds  -were  deposited  than  to  show  the  outcrop 
of  rocks  actually  observed,  as  no  reliable  observations  were  available  from  this 
part  of  India. 

The  two  types  of  development  existing  within  the  limits  of  the  mesozoic 
deposits  have  been  indicated  by  stippling,  in  order  to  show  at  a  single  glance 
the  distribution  of  the  marine  formations  and  the  deposits  formed  in  inland 
basins. 

A  similar  distinction  has  been  applied  to  the  palfsozoic  formations,  without 
wishing,  however,  to  distinguish  positively  here  between  marine  and  inland- 
water  beds. 

The  crystalline  formations  shown  in  the  map  include  probably  a  great 
period  of  time,  and  the  boundary  between  them  and  the  palarozoic  beds  is  very 
fluctuating,  so  that  many  of  the  formations  on  the  boundary  are  locally  reckoned 
sometimes  to  the  former,  sometimes  to  the  latter  series.  According  to  tlio  ac¬ 
counts  now  existing,  it  is  hardly  possible  here  to  draw  the  boundary  adequately 
in  every  case. 

The  continental  boundaries  laid  down  with  dotted  and  broken  lines  have  been 
explained  sufficiently  in  the  foregoing  pages. 

We  may  now  expect  soon  to  I’oceivo  further  details  bearing  on  the  geological 
representation  of  India  from  W.  T.  Blanford’s  official  map  of  India,  which  is 
now  in  the  press.  I  wish  further  only  to  remai’k  that  this  essay  with  its  map 
had  been  completed  by  mo  long  before  I  received  the  first  tidings  of  Blanford’s 
intended  publication,  and  that  its  presentation  to  the  Imperial  Academy  of 
Science  was  only  delayed  by  circumstances  which  it  was  not  in  my  power  to 
control. 
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Submerged  Forest  ox  Bombay  Island.  Observations  by  G.  E.  Ormiston,  Eesident 

Eiiijineer,  Eonibaij  Port  Trust,  dated  29th  May  1878  (communioated  by 

Government) . 

The  strata  exposed  in  the  excavation  for  the  Prince’s  Dock  consist  of  the 
surface  silt  or  black  mud,  which  overlies  to  a  depth  of  from  4  to  5  feet  a  dense 
blue  clay  of  varying  thickness  (from  0  to  20  feet),  but  nearly  level  on  top  ; 
underneath  this  is  found  loam,  raoorum',  and  rock  ;  the  latter  is  very  irregular 
on  the  surface,  running  at  times  into  long  narrow  i-idges  and  masses  of  bouldera 
with  soil  between.  The  I’ock  is  soft,  and  consists  mostly  of  indurated  clay 
nodules  imbedded  in  a  hard  matrix.  Numbers  of  trees  have  been  found  (about 
200  up  to  date).  Many  had  been  overturned  before  being  covered  with  the 
blue  clay,  but  the  roots  were  only  partially  torn  out  of  tlie  loam  or  moorum  in 
which  they  gi'ew,  others  were  standing  ujjright  with  their  roots  deeply  planted 
in  their  native  soil.  The  standing  ta'ces  only  extend  to  the  surface  of  the  blue 
clay,  none  penetrated  the  muddy  silt  above  ;  and  for  a  foot  or  so  below  the  level 
of  the  blue  clay,  the  timber  was  riddled  by  the  Teredo  navalis,  or  a  similarly 
destructive  worm.  Most  of  the  other  trees  also  shorved  signs  of  this  worm.  One 
tree  was  found  charred  on  one  side  for  a  short  distance.  The  largest  trunk  found 
was  46  feet  long  and  4  feet  8  inches  in  girth ;  some  of  the  timber  is  quite  sound ; 
it  is  of  the  colour  of  dark  rose-wood,  and  with  a  straight  grain.  The  level  of 
the  roots  of  these  varied  from  low-water  extreme  spring  tides  to  12  feet  under. 
This  shows  the  laud  to  have  subsided  at  least  30  feet,  as  the  trees  must  have 
grown  above  high-water  mark. 

Note. — Tins  discovery  of  tvocs,  in  tlio  .spot  on  wliich  they  grew,  helow  low-water  mark  in 
Bombay  Island  is  cliieily  remarkable,  because  it  shews  that,  in  recent  or  sub-recent  times,  depres¬ 
sion  must  hiive  taken  place  in  the  immediate  neighbourhood  of  ground  which  appears  to  have 
been  raised.  The  Briiiec’s  Bock  is  on  the  eastern  or  harbour  side  of  Bombay  Island,  and  the 
Esplaniido  surrounding  the  fort  on  the  wo.stern  .side,  not  a  mile  away  from  the  dock,  is  composed 
of  the  rook  called  littoral  concrete  by  Br.  Ihrist,  a  mass  of  shells,  corals  and  sand  cemented 
together  by  carbonate  of  Tunc.  It  is  scarcely  possible  that  the  materials  of  which  this  rock 
eonsi.sts  can  have  been  accumulated  at  their  prc.scnt  elevation  above  the  sea;  in  all  probability 
they  formed,  when  first  deposited,  a  sand  bank  or  beach  not  raised  above  high-water  mark,  and  as 
it  is  difficult  to  understand  how  elevation  and  depression  can  have  occurred  simultaneously 
on  different  sides  of  so  small  an  area  as  Bombay  Island,  it  is  probable  that  the  whole  area  has 
imdcrgone  elevation  and  depression  alternately.  If  the  elevation  be  the  older  movement,  then  the 
Esplanade  must  once  have  been  several  feet  higher  than  it  now  is;  if  the  depression  is  older,  the 
trees  at  Prince’s  Bock  have  been  at  a  gi'e.ator  depth  beneath  the  sea  than  they  now-  are.  The 
former  is  perhaps  more  probable. 

Tliat  such  alternate  movements  of  elevation  and  depression  have  taken  place  in  Bombay  Island 
was  shewn  by  Br.  Buist-  many  years  ago,  though  to  a  sinaller  e.vtent  th.an  now  appears  pro¬ 
bable.  At  the  same  time,  before  the  depth  to  which  depression  ha.s  extended  in  this  case  can  be 
estimated,  it  is  ueces.sary  to  .ascertain  what  kinds  of  trees  arc  repiresonted.  If  they  be  such  as 
grow  on  land,  the  deparcssion  must  have  been  grc.atcr  than  if  they  belong  to  such  forms  as  Avi- 
vennia  nr  Uniyuiera,  which  grow  some  feet  below  liigh-wiiter  mark.  Tlie  circumstance  that  the 
trees  are  bore<l  by  Teredo  is  in  favour  oi  their  having  gi’owu  in  salt  marsh,  where  these  mollusca 
are  pcculiiirly  abundant. 

W.  T.  BLANEOEB. 


'  A  local  term  for  decomposed  rock. 

“  Transactions  of  the  Bombay  Geographical  Society,  Vol.  X,  p.  177,  1857. 
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ADDITIONS  TO  THE  MUSEUM. 

From  July  to  Sei'tembee. 

Dundapue. — Meteorite,  in  two  jjieces,  weighing  6  lbs.  8  oz.  420  grs.,  and  5  lbs. 

13oz.  425  grs.;  fell  at  Dundapur,  E.  Lon.  83°  58',  and  N. 
Lat.  26°  56',  in  the  Gorakhpur  District,  on  the  5th  September 
1878.  Presented  by  Hugh  Fraser,  Esq.,  c.  s. 

A  series  of  English  fossils,  comprising'  440  species  and  985  specimens.  Presented 
by  R.  Lydekker,  Esq. 


ADDITIONS  TO  THE  LIBRARY. 


From  1st  July  to  SOth  September  1878. 


Tlttes  of  Boohs.  Bonors. 

AKDEfj,  G.  G. — Rock  Blasting  (1878),  8vo,  London. 

Davies,  D.  C. — A  Treatise  on  slate  and  slate  quai'rying  (1878),  8vo,  London. 
Davies,  Wm. — Catalogue  of  the  Pleistocene  Vertebrata  from  Ilford,  Essex,  in 
the  collection  of  Sir  Antonio  Brady,  Kt.  (1874),  8vo, 
London. 

H.  Woodward,  Esq. 

Dunn,  E.  J. — Report  on  the  Stormberg  Coal-fields  (1878),  fisc.,  Cape  Town. 

Dept.  Crown  Lands. 


Geology  of  Wisconsin.  Surveys  of  1873  to  1877,  Vol.  II,  with  Atlas  (1877), 
8vo,  Beliot. 


T.  C.  Chamberlin. 

Gtllmore,  Q.  a.— Practical  Treatise  on  Limes,  Hydraulic  Cements  and  Mortars 
(1874),  8vo,  New  York. 

Groth,  P. — Die  Minei-alicnsammlung  der  Universitat  Strassburg  (1878),  4to, 
Strassburg. 

Johnston,  Proe,  J.  F.  W.,  &  Cameron,  Chas.  A. — Elements  of  Agricultural 
Chemistry  and  Geology,  10th  edition  (1877),  8vo,  London. 

Linteen,  Wm. — The  Mineral  Surveyor  and  Valuer’s  Complete  Guide  (1877),  8vo, 
London. 

Paleontologie  Fran9aise  Animaux  Invertebres,  1st  Series,  Terrain  Jurassique, 
livr.  39  (1878),  8vo,  Paris. 

Paleontologie  Fran9aise,  2nd  Series,  Terrain  Jurassique,  Vegetaux,  livr.  25 
(1878),  8vo,  Paris. 

Payer’s  Industrial  Chemisti’y  (1878),  8vo,  London. 

Royal  Society’s  Catalogue  of  Scientific  Papers,  Vol.  VII  (1877),  4to,  London. 

ScHORLEMMEE,  C. — A  Manual  of  the  Chemistry  of  the  Carbon  Compounds  (1874), 
8vo,  Loudon. 

Spon,  Ernest. — Workshop  receipts  for  the  use  of  Manufacturers,  Mechanics,  and 
Amateurs  (1878),  8vo,  London. 
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Titles  of  Boolis.  Donors. 

Wagner,  R. — A  Handbook  of  Chemical  Technology,  edited  by  Wm.  Crookes 
(1872),  8vo,  London. 

Wheeler,  Lieut.  Geo.  M,— Report  upon  the  U.  S.  Geographical  Surveys  west 
of  the  100th  meridian,  Vol.  IV,  PaliBontology  (1877), 
4to,  Washing-ton. 

The  Author. 


PERIODICALS,  SERIALS,  &c. 


American  Journal  of  Science  and  Arts,  3rd  Series,  Vol.  XV,  No.  89,  to  XVI, 
No.  91  (1878),  8vo,  Newhaven. 


The  Editors. 


Annalen  der  Physik  und  Chemie,  New  Series,  Vol.  IV,  heft  2-4  (1878),  8vo, 
Leipzig. 

Annales  des  Mines,  7th  Series,  Vol.  XIII,  livr.  1-3  (1878),  8vo,  Paris. 

L’ Admins,  des  Mines. 

Annals  and  Magazine  of  Natural  History,  5th  Series,  Vol.  I,  No.  6,  to  II,  No.  8 
(1878),  8vo,  London. 

Archiv  fiir  Naturgeschichte,  Jalu-g.  XLIV,  heft  3  (1878),  8yo,  Berlin. 

Athenaeum,  Nos.  2042-2G54  (1878),  4to,  London. 

Bibliotheque  Universelle  et  Revue  Suisse,  New  Series,  Vol.  LXII,  Nos.  245-247 
(1878),  8vo,  Lausanne. 

„  „  Archives  des  Sciences  Physiques  et  Naturelles,  New 

Series,  Vol.  LXII,  Nos.  245-246,  and  LXIII,  Nos.  247 
(1878),  8vo,  Geneva. 

Chemical  News,  Vol.  XXXVII,  No.  968,  to  XXXVIII,  No.  980  (1878),  4to, 
London. 

Colliery  Guardian,  Vol.  XXXV,  No.  910,  to  XXXVI,  No.  923  (1878),  fob, 
London. 

Geographical  Magazine,  Vol.  V,  Nos.  1  and  6-8  (1878),  Royal  8vo,  London. 

Geological  Magazine,  New  Series,  Decade  II,  Vol.  V,  Nos.  6-8  (1878),  8vo,  Lon¬ 
don. 

Journal  de  Conchyliologie,  3rd  Series,  Vol.  XVIII,  No.  2  (1878),  8vo,  Paris. 

Just,  De.  Leopold. — Botanischer  Jahresbericht,  Jahrg.  IV,  Abth.  2  (1878),  8vo, 
Berlin. 

London,  Edinburgh,  and  Dublin  Philosophical  Magazine  and  Journal  of  Science, 
5th  Series,  Vol.  V,  No.  33,  to  Vol.  VI,  No.  35  (1878), 
8vo,  London. 

Mineral  Statistics  of  Victoria  for  1877  (1878),  fisc.,  Melbourne. 

Govt.  Mining  Dept. 

Mining  Journal,  with  Supplement,  Vol.  XLVIII,  Nos.  2233-2245  (1878),  fob, 
London. 

Nature,  Vol.  XVIII,  Nos.  450-462  (1878),  4to,  London. 
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Titles  of  Boolcs.  Donors. 

Nenes  Jalirbucli  fiir  Mineralogie,  Groologie  Tirid  Palffiontologie,  Jahrg.  1878,  lieft 
6-7  (1878),  8vo,  Stuttgart. 

Petekmann,  De.  a. — GeograpMsclie  Mitthoilungcn,  Band  XXIV,  Nos.  7-8 
(1878),  4to,  Gotlia. 

„  ,,  Gcographisclie  Mittheilungen,  Supplement,  No.  LV  (1878), 

4to,  Gotlia. 

Professional  Papers  on  Indian  Engineering,  2nd  Series,  Vol.  VII,  No.  29  (1878), 
8vo,  Roorkee. 

Thomason  College  of  Citil  Engineeeing. 

Quarterly  Journal  of  Microscopical  Science,  New  Series,  No.  LXXI  (1878),  8vo, 
London. 

Quartei’ly  Journal  of  Science,  No.  LIX  (1878),  8vo,  London. 

Reports  of  tlie  Mining  Surveyors  and  Registrars  for  quarters  ending  31st  Decem¬ 
ber  1878  and  31st  March  1878  (1877-78),  flsc.,  Melbourne. 

Govt.  Mining  Dept. 


GOVERNMENT  SELECTIONS,  &c. 

Madras. —  Report  on  the  administration  of  the  Madras  Presidency  during  the 
year  1876-77  (1878),  8vo,  Madras. 

Madras  Government. 


TRANSACTIONS,  PROCEEDINGS,  &c.,  OF  SOCIETIES. 


Basel. — Abhandlungen  der  Schweizerischen  Palaontologischen  Gesellschaft,  Vol. 
IV  (1877),  4to,  Basel. 

Batavia. — Natuurkundig  Tijdschrift  voor  Nederlandsch-Indie,  Deel  XXXVII 
(1877),  8vo,  Batavia. 


The  Society. 

Berlin. — Annales  de  la  Societe  G&logique  de  Belgique,  Vols.  II  and  III  (1875 
and  1876),  8vo,  Berlin. 


The  Society. 

Monatsbericht  der  k.  Preussischen  Academic,  March  to  June  (1878), 
8vo,  Berlin. 


The  Academy. 

Zeitschrift  der  Deutschen  Geologischen  Gesellschaft,  Band  XXX, 
heft  1-2  (1878),  8vo,  Berlin. 


The  Society. 

Zeitschrift  fiir  die  Gesammten  Naturwissenschaften,  heft  1-6  (1877), 
8vo,  Berlin. 


Boston. — Memoirs  of  the  Boston  Society  of  Natural  History,  Vol.  II,  pt.  4,  No.  6 
(1878),  4to,  Boston. 


The  Society. 
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Titles  of  Boohs.  Donors. 

Boston.— Proceedings  of  the  Boston  Society  of  Natural  History,  Vol.  XIX, 
pts.  1-2  (1877),  8yo,  Boston. 

The  Society. 

Breslau. — Vierundfunfzig.ster  Jalires-Bericht  dor  Schle.sischen  Gesellschaft  fiir 
vaterlandische  cultur,  1876  (1877),  8vo,  Breslau. 

The  Society. 

Bristol. — Proceedings  of  the  Bristol  Naturalists’  Society,  New  Series,  Vol.  II, 
pt.  2  (1878),  8vo,  Bristol. 

The  Society. 

BpaissELS. — Bulletin  de  la  Societd  Beige  de  Geograpliie,  Nos.  2-3  (1878),  8vo, 
Bruxelles. 

The  Society. 

Caen. — Bulletin  de  la  Soeiete  Linneenne  de  Normandie,  2nd  Series,  Vols.  IV 
to  VIII  (1870-74),  8vo,  Caen. 

The  Society.  , 

Calcutta. — Journal  of  the  Agricultural  and  Horticultural  Society  of  India,  New 
Series,  Vol.  V,  pt.  4  (1878),  8vo,  Calcutta. 

The  Society. 

,,  Journal  of  the  Asiatic  Society  of  Bengal,  New  Series,  Vol.  XLVII, 

pt.  1,  No.  1 ;  and  pt.  II,  No.  2  (1878),  8vo,  Calcutta. 

The  Society. 

„  Proceedings  of  the  Asiatic  Society  of  Bengal,  Nos.  6-8  (1878),  8vo, 

Calcutta. 

The  Society. 

Copenhagen. — Oyersigt  over  det  kong.  danske  Videnskabernes  Selskahs,  No.  3 
(1876),  and  Nos.  1  and  3  (1877),  8vo,  Copenhagen. 

The  Academy. 

Davenport,  Iowa. — Proceedings  of  the  Davenport  Academy  of  Natural  Sciences. 
Vol.  II,  pt.  1  (1877),  8yo,  Davenport. 

The  Academy. 

Dresden. — Leojioldina,  Jahi’g.  1875,  heft  XI  (1875),  4to,  Dresden. 

Leopol. -Carol.  Academy. 

Vorhandlungen  der  kais.  Leopoldiniseh-Caroliniseh  Deutschen  Aka- 
demie  der  Naturforscher,  Band  XXXVIII  (1876),  4to, 
Dresden. 

Lbopol.-Caeol.  Academy. 

Glasgow. — Glasgow  University  Calendar  for  1878-79  (1878),  8vo,  Glasgow. 

The  University. 

Gottingen. — Ahhandlungen  der  k.  Gesellschaft  der  Wissenschaften  zu  Gottingen, 
Band  XXII  (1877),  4to,  Gottingen. 

The  Society. 

,,  Nachrichten  von  der  k.  Gesellschaft  der  Wissenschaften  aus  dem 

Jahre  1877  (1877),  8yo,  Gottingen. 


The  Society. 
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Titles  of  Books.  Do7wrs. 

Liverpool.— Proceedings  of  the  Liverpool  aeological  Society,  Vol.  Ill,  pt.  3 
(1877),  8vo,  Liverpool. 


The  Society. 

London.  British  Museum;  Dobson,  G.  E. — Catalogue  of  the  Chiroytera  in  the 
British  Museum  (1878),  8vo,  London. 

British  Museum. 

,,  British  Museum  :  Dobson,  G.  B. — Guide  to  the  Exhibition  Rooms  of 
the  Departments  of  Natural  History  and  Antiquities  in 
the  British  Museum  (1878),  8vo,  London. 

British  Museum. 

,,  Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland, 
Vol.  VII,  No.  4  (1878),  8vo,  London. 

„  Journal  of  the  Linnean  Society  of  London,  Zoology,  Vol.  XIII,  No.  72, 
and  Vol.  XIV,  Nos.  73-74;  Botany,  Vol.  XVI,  Nos.  93-97 
(1878),  8vo,  London. 


The  Society. 

Transactions  of  the  Linnean  Society,  Vols.  XXIII  (1860)  to  XXV 
(1866),  XXVI,  pts.  1,  3  and  4  (1868)  to  XXVIII,  pts. 
1-2  (1872)  ;  Index  to  Vols.  I  to  XXV,  and  2nd  Series, 
Botany,  Vol.  I,  pt.  5 ;  Zoology,  Vol.  I,  pts.  5-6  (1878), 
4to,  London. 


The  Society. 

Transactions  of  the  Linnean  Society  of  London,  Vols.  XXI  and  XXII, 
(1852-59),  4to,  London. 

Journal  of  the  Royal  Geographical  Society,  Vol.  XLVII  (1877),  8vo, 
London. 
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The  Society. 

Proceedings  of  the  Royal  Geographical  Society,  Vol.  XXII,  Nos.  3-5 
(1878),  8 VO,  London. 


The  Society. 

Proceedings  of  the  Royal  Society  of  London,  Vol.  XXVII,  Nos.  187-188 
(1878),  8vo,  London. 


The  Society. 

Proceedings  of  the  Zoological  Society  of  London  for  1878,  pts.  I  and  II 
(1878),  8vo,  London. 


The  Society. 

Transactions  of  the  Zoological  Society  of  London,  Vol.  X,  pts.  6-9 
(1878),  4to,  London. 


The  Society. 

Quarterly  Journal  of  the  Geological  Society  of  London,  Vol.  XXXIV 
pt.  II,  No.  134,  and  pt.  Ill,  No.  135  (1878),  8to,  London. 

The  Society. 
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Titles  of  Boohs.  Donors. 

Madrid. — Boletin  de  la  Sociedad  Geografica  de  Madrid,  Vol.  I  (1877)  to  IV. 
pts.  1-4  (1878),  8vo,  Madrid. 

The  Socibtt. 

Minneapolis. — Bulletin  of  the  Minnesota  Academy  of  Natural  Sciences,  pp.  197- 
to  323  (1877),  8vo,  Minneapolis. 

The  Academy. 

Moscou. — Bulletin  de  la  Societe  Imperiale  des  Naturalistes  de  Moscow,  Vol.  LII, 
Nos.  3-4  (1877),  8vo,  Moscou. 

The  Society. 

MiJNCHEN. — Abhandlungen  der  Math.  Phys.  Classe  der  konig.  Bayer  Akademie 
der  Wissenschaften,  Band  XIII,  Abth.  1  (1878),  4to, 
Miinchen. 

The  Academy. 

,,  Almanach  der  k.  Bayer.  Akad.  der  Wissenschaften  fiir  1878  (1878), 

8vo,  Miinchen. 

Ditto. 

„  Bestimmung  der  Geographischen  Breite  der  kgl.  Sternwarte  bei 

Miinchen  (1877),  4to,  Miinchen. 

Ditto. 

„  Die  Geognostische  Durchforschung  Bayems  (1877),  4to,  Miinchen. 

Ditto. 

„  Meteorologische  und  Magnetische  Beobachtungen  der  k.  Sternwarte 

bei  Miinchen,  Jahrg.  1877  (1878),  8yo,  Miinchen. 

Ditto. 

,,  Sitzungsberichte  der  math.  phys.  classe  der  k.  b.  Akademie  der  Wis¬ 

senschaften,  1876,  heft  3,  and  1877,  heft  1  to  3,  8vo, 
Miinchen. 

Ditto. 

Paris. — Bulletin  de  la  Societe  Geologique  de  Prance,  3rd  Series,  Vol.  V,  No.  9. 
and  Vol.  VI,  No.  3  (1878),  8vo,  Paris. 

The  Society. 

Penzance. — Royal  Geological  Society  of  Cornwall:  Annual  Reports,  Nos.  XXVIII, 
XXIX,  XXXI  to  XLIV,  and  XLVI  to  LXII  (1841-76), 
8vo,  Penzance. 

The  Society. 

„  Transactions  of  the  Royal  Geological  Society  of  Cornwall,  Vol.  IX, 

pt.  1  (1875),  8vo,  Penzance. 

Ditto. 


Philadelphia.-  Journal  of  the  Franklin  Institute,  3rd  Series,  Vol.  LXXV, 
No.  6,  and  LXXVI,  Nos.  1-2  (1878),  8vo,  Philadelphia. 

The  Institute 
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Titles  of  Boohs.  Donors. 

Philadelphia. — Proceedings  of  the  Academy  of  Natural  Sciences,  pts.  I — III 
(1877),  8vo,  Philadelphia. 

The  Academy. 

„  Proceedings  of  the  American  Philosophical  Society,  Vol.  XVII, 

No.  100  (1877),  8vo,  Philadelphia. 

The  Society. 


Pisa. — Atti  della  Societa  Toscana  di  Scienze  Natural!,  Vol.  Ill,  flsc.  2  (1878), 
8vo,  Pisa. 


The  Society. 

Process!  Verhali  Societa  Toscana  di  Scienze  Natural!,  pp.  XXV  to  XXXV 
(1878),  8vo,  Pisa. 


The  Society. 


Rome. — Atti  della  R.  Accademia  dei  Lincei,  Memorie,  3rd  Series,  Vol.  I  (1877), 
4to,  Rome. 

The  Academy. 

„  Atti  della  R.  Accademia  dei  Lincei,  Transunti,  3rd  Series,  Vol.  II 
(1878),  8vo,  Rome. 

The  Academy. 

„  Bolletino  R.  Comitato  Geologico  dTtalia,  Nos.  3-6  (1878),  8yo,  Rome. 

The  Commission. 

Salem  Mass. — Bulletin  of  the  Essex  Institute,  Vol.  IX  (1878),  8vo,  Salem. 

The  Institute. 

Stockholm:  Angelin,  N.  P. — Iconographia  Crinoideorum  in  stratis  Sueciae  Silu- 
ricis  fossilium  (1878),  8vo,  Holmias. 

Royal  Acad.,  Stockholm. 
„  GuMi)Lius,  Otto. — Om  Mallersta  Sveriges  Glaciala  Bildningar 
(1876),  8vo,  Stockholm. 

Royal  Academy,  Sweden. 

„  Linnaesson,  G. — Ofversigt  af  Nerikes  Ofvergangs-hildningar  (1875). 
8 VO,  Stockholm. 


Royal  Academy,  Sweden. 
Nathorst,  a.  G. — Nya  Fyndorter  for  Arktiska  Vaxtlemningar  i 
Skane  (1877),  8vo,  Stockholm. 

Royal  Academy,  Sweden. 

„  „  Om  en  Cycadekotte  (1875),  8vo,  Stockholm. 

Royal  Academy,  Sweden. 
Santesson,  H. — Kemiska  Bergartsanalyser  (1877),  8vo,  Stockholm. 

Royal  Academy,  Sweden. 
Sveriges  Geologiska  Undersokning,  Nos.  57-62,  and  Maps  (1877), 
8vo,  Stockholm. 


Royal  Academy,  Sweden. 
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Title  of  Boohs.  Donors. 

Stockholm.— Sveriges  Geologiska  Undersokning,  Nos.  1-3  (1877),  8vo,  Stockholm. 

Royal  Academy,  Sweden. 

„  Toeell  Otto. — Sur  les  traces  les  plus  anciennes  de  I’existence  de 
rhomme  en  Suede  (1876),  8vo,  Stockholm. 

Royal  Academy,  Sweden. 

»  ))  Undersokningar  Ofver  Istiden  (1873),  8vo,  Stock¬ 

holm. 

Royal  Academy,  Sweden. 

Stuttgart. — Wiirttemhergische  Naturwissenschaftliche  Jahreshefte,  Jahrg. 
XXXI V,  heft  1-3  (1878),  8vo,  Stuttgart. 

Washington. — Bulletin  of  the  TJ.  S.  Geological  and  Geographical  Survey  of  the 
Territories,  Vol.  IV,  Nos.  1-2  (1878),  8vo,  Washington. 

The  Survey. 

)i  U.  S.  Geological  and  Geographical  Survey:  Contributions  to  the 

Fossil  Flora  of  the  Western  Territories,  23t.  II,  Tertiary 
Flora  by  Leo.  Lesquereux  (1878),  4to,  Washington. 

The  Survey. 

,,  United  States  Geological  and  Geographical  Survey :  of  the  Terri¬ 

tories.  Illustrations  of  Cretaceous  and  Tertiary  Plants 
of  the  Western  Territories  of  the  United  States.  Plates 
only  (1878),  4to,  Washington. 

The  Survey. 

„  United  States  Geological  and  Geographical  Survey :  Miscellaneous 

publications.  No.  9.  Descriptive  Catalogue  of  Photographs 
of  North  American  Indians,  by  W.  H.  Jackson  (1877), 
8vo,  Washington. 

The  Survey. 

Wellington. — Transactions  and  Proceedings  of  the  New  Zealand  Institute, 
Vol.  X  (1878),  8vo,  Wellington. 

The  Institute. 
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Annual  Report  op  the  Geological  Sueyey  op  India,  and  op  the  Geological 
Museum,  Calcutta,  for  the  year  1878. 

• 

In  the  report  for  a  year  that  has  hceii  comparatively  unproductive  of  fresh 
work,  I  have  to  record,  as  compensation,  the  completion  of  the  Manual  of  the 
Geology  of  India.  The  two  facts  are,  indeed,  closely  connected:  The  Manual  is 
principally — readers  will  often  find  cause  to  regret  that  it  is  not  all — the  work  of 
Mr.  Blanford,  who  was  thereby  prevented  from  taking  the  field  in  the  open 
season  of  1877-78.  When  results  are  to  bo  measured  by  the  knowledge  gained 
from  the  study  of  obscure  facts,  many  circumstances  affect  the  tale  of  progress, 
which  depends  more  upon  the  study  than  upon  the  accumulation  of  what  are 
called  observations.  Geology  has  suffered  much  from  the  delusion  that  the  two 
offices  can  be  separated. 

The  Manual  itself  is  a  jirogrcss  report  in  extenso — a  full  summary  both  of  what 
is  known  and  of  what  we  fancy  to  be  known  regarding  the  geology  of  India,  i.e.; 
of  supposed  (partial)  facts,  and  of  the  apparent  conclusions  therefrom.  Desjnto 
explanation  and  cautions  given,  students  are  likely  to  forget  the  very  scanty  and 
crude  state  of  the  information  upon  which  much  of  the  work  is  based,  and 
therefore  how  liable  to  overthrow  are  the  inferences  suggested  from  that  infoi’m- 
ation.  Such  inferences  have  been  freely  offered  in  the  Manual,  in  order  to  give 
point  to  the  description,  and  to  incite  other  observers  with  the  agreeable  en¬ 
couragement  of  discovering  error.  Row  that  a  more  intelligent  understanding 
is  gaining  ground  regardbig  scientific  method,  the  rational  use  of  hypothesis 
as  opposed  to  dogma,  it  is  possible  to  be  instructive  without  misleading  others  or 
stultifying  one’s  self.  Unfortunately,  our  work  in  India  still  suffers  fi’om  the 
impunity  vdth  which  either  blunder  might  be  committed  ;  as  the  business  of 
correction  and  exposui-e  is  almost  entirely  in  our  own  hands.  The  duty  of  self¬ 
correction  will  not,  howoY-er,  be  lost  sight  of,  or  evaded.  The  Manual  affords  an 
excellent  datum-lino,  available  to  all,  from  which  to  mark  the  phases  of  our 
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pi’ogrcss,  and  tlio  annual  report  is  the  apjirojirlate  medium  for  bringing  to  notice 
such  changes  as  have  become  necessary  in  the  provisional  interpiretations  of  that 
date.  Already,  almost  cotemporanoously  with  the  publication  of  the  Manual,  the 
balance  of  evidence  on  some  points  has  been  affected  by  the  results  of  the  last 
season’s  work,  as  will  be  mentioned  in  the  following  remarks. 

Before  alluding  to  this  work  of  detail,  I  would  make  mention  of  some  general 
observations  on  the  geology  of  India  published  within  the  year,  and  based  upon 
the  work  of  the  Survey.  Our  distinguished  colleague.  Dr.  Waagon,  whose  services, 

1  am  happy  to  say,  arc  still  engaged  in  our  behalf,  so  far  as  his  health  will  permit, 
presented  to  the  Academy  of  Vienna  a  sketch  of  the  geology  of  India  based  ujiGn  , 
a  discussion  of  its  jialajontology.  Work  of  this  kind  is  of  the  highest  value  and 
interest,  as  representing  the  results  and  the  rationale  of  the  details  of  pala3onto-  n 
logical  research.  For  the  benefit  of  English  students,  in  India  or  elsewhere,  a  '  ' 
translation  of  the  paper  is  published  in  the  Records  for  November.  • 

So  far  as  relates  immediately  to  India,  the  fcatxu’es  evolved  are  of  pennanent 
importance.  The  only  mi.sgiving  that  occurs  to  one  in  respect  of  the  wider  gener¬ 
alizations  is,  that  the  provisional  condition  of  the  biological  principles  upon  which 
most  of  those  deductions  depend  may  not  have  boon  sufficiently  kept  in  view,  i 
Several  relations  in  the  comparative  paheogoography  of  very  distant  countries  '■ 
arc  confidently  assigned,  on  the  assumption  of  certain  laws  of  distribution  of  life,  >■ 
in  time  and  space.  Now,  however  confident  we  may  feel  regarding  the  general  i 
jiinnciplo  of  the  derivation  of  organic  forms,  the  particular  view  of  that  principle  | 

necessary  to  the  validity  of  such  speculations  as  those  under  notice  is  still  under  i 

discussion,  and  the  familiar  appheation  of  it,  as  if  established,  may  (or  even  must)  j 
seriously  interfere  with  the  verification  and  study  of  the  great  biological  problem  } 

Aihich  is  the  highest  object  of  geological  pursuit,  and  as  subsidiary  to  which  | 

those  geographical  puzzles  are  principally  of  any  interest.  To  those  who  are  t 
aw’ake  to  the  imjiortance  of  the  vital  question,  even  though  they  may  not  be  I 
qualified  to  discuss  it  directly,  such  interfereuce  is  a  subject  of  regret.  .<| 

In  the  last  presidential  address  to  the  Geological  Society  of  London,  Professor  '  \ 
Martin  Duncan  gives  a  most  instructive  review  of  many  complicated  problems  J 
in  zoology  and  palaeontology.  From  his  statement  of  the  objections  to  accepting  1 

the  relative  classification  of  the  tertiary  rocks  of  India,  as  recently  put  forward  | 

by  the  Survey,  it  might  be  thought  that  some  decidedly  unscientific  prejudice  j 
had  had  influence  in  the  discussion.  Objections  are  of  more  serffice  to  us  than  ’I 
approval,  and  some  of  those  made  by  this  high  authority  may  not  be  so  easily  | 

remoAud  as  the  one  I  have  mentioned-  With  the  gi’eatost  respect  for  the  Avork  ’( 

of  the  illustrious  Falconer,  of  Avdiom  we  are  most  justly  proud  as  the  local  founder 
of  pala'ontological  research,  it  was  not  thought  that  his  views  could  be  final,  or 
that  they  Avere  compatible  Avith  a  fuller  knowledge  of  the  formations.  He  had 
treated  as  one  fauna  the  fossils  from  a  prodigious  scries  of  strata,  in  which  those  ^ 

fossils  arc  by  no  means  promiscuously  distributed.  It  did  not  seem  eA'cn  that  f. 

Falconer  himself  had  considered  his  opinion  conclusive  on  those  points  of  corrohi-  » 

tion,  more  especially  as  regards  the  older  gravels  of  the  Indian  river  ralloys,  ^ 
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When,  therefore,  a  stone  imjjlemeut  was  found  in  these  gravels,  it  was  made  the 
occasion  of  a  special  consideration  of  some  features  of  the  case  that  had  not  pre- 
vioiisly  been  discussed.  This  proceeding  was  no  more  than  was  demanded  by  the 
peculiar  interest  of  the  occasion.  The  same  judicious  caution  has  markedly 
characterized  the  most  recent  investigations  by  perfectly  impartial  observers 
regarding  the  human  period  in  England. 

PenijigulciT  area, :  Azoic  Tocks — To  follow  the  order  observed  in  the  Manual, 
the  azoic  rocks  are  noticed  first.  The  Arvali  region  is  tho  only  ground  where  we 
have  been  especially  engaged  upon  these  formations  during  the  past  season. 
!Mr.  Hacket  examined  a  very  largo  area  at  the  northern  extremity  of  the  range, 
with  all  the  outliers  between  Decg  and  Tosham  (near  Hiinsi),  up  to  tho  Jumna 
at  Delhi.  Mr.  Hacket  has  hitherto  had  this  area  all  to  himself,  and  at  pages  48  to 
52  of  the  klanual  an  abstract  is  given  of  the  provisional  views  then  suggested. 
Very  considerable  changes  in  the  stratigraphical  series  are  now  proposed.  Tho 
klandan  and  Ajabgarh  groups,  lying  mainly  to  the  west  of  the  Alwar  and  Delhi 
range  of  quartzites,  were  placed  at  the  top  of  the  series.  The  Mandan  rocks  occur’ 
in  isolated  ridges,  and  were  separated  from  tho  Ajabgarh  beds  on  account  of  tho 
absence  of  certain  bands  that  arc  prominent  in  tho  latter  group ;  while  tho 
Ajabgarh  beds  were  placed  above  the  Alwar  quartzites  on  account  of  some  cases 
of  steep,  partial  superposition  which  must  now  be  regarded  as  inversions,  for 
Jfr.  Hacket  considers  both  the  klandan  and  Ajabgarh  beds  to  be  representative  of 
the  Raiiilo  group,  underlying  the  Alwar  quartzites.  In  the  study  of  extensive 
areas  of  contorted  transition  rocks,  tho  tendency  is  usually  towards  a  greater  sub- 
clE'ision  and  expansion  of  the  series,  original  features  of  unconformity  being 
often  disguised  by  the  crushing  of  the  strata ;  but  Mr.  Hacket  makes  out  a  good 
ca.se  for  this  contraction  of  the  Arvali  series,  as  first  proposed.  The  very  mixed 
and  variable  character  of  the  deposits  of  the  Raialo  group  was  pointed  out  fi’om 
the  first ;  and  in  this  as  well  as  in  other  petrological  characters  the  agreement 
of  the  Mandan  and  Ajabgarh  rocks  is  sufficiently  close,  besides  that  now  sections 
have  shown  these  to  have  the  same  relation  as  the  Raialos  to  the  gneiss  and  to  the 
Alwar  quartzites. 

The  adoption  of  two  instead  of  four  groups  is,  so  far,  an  apparent  simplification  ; 
but  the  chief  structural  difficulties  of  the  ground  are  still  unexplained.  These 
are,  the  almost  incompatible  variations  in  the  relations  of  these  groups  to  each 
other  and  to  the  gneiss.  In  many  sections  the  two  groups  are  described  as  com¬ 
pletely  transitional,  by  interstratification.  Again,  each  group  is  locally  described 
as  transitional  with  the  gneiss  :  tho  Kaialo  black  slates  passing  down  into  a  dark 
schistose  gneiss;  and  the  Alwar  quartzites  being  transitional  downwards  with  a 
gneiss  that  is  only  a  subfoliated  felajjathic  quartzite,  liut  in  other  sections  tho 
Alwar  quartzite  is  described  as  overlapping  on  gneiss,  as  in  tho  hills  between  Udepur 
and  ^Khandola,  40  miles  noi’th-wost  of  Jejqoore.  These  discrepancies  might  be 
got  over  by  assuming  that  all  the  gneiss  is  simply  converted  Arvali  strata,  the 
metamorphism  having  extended  locally  to  different  horizons ;  and  that  the  word 
‘  overlap’  is  misapplied  in  such  cases,  for  it  implies  a  primitive  gneiss,  with 
original  local  absence  of  the  Kaialo  group  ;  and  no  distinction  of  gneisses  has  been 
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attempted.  I'his  easy  solution  of  the  difficulty  might  he  adopted,  were  it  not 
that  other  oh.scrvations  independently  require  such  original  conditions  as  are 
implied  hy  oycrla]) :  in  the  little  hills  south  of  the  railway  between  the  Basi  and 
J at wara  stations,  20  miles  east  of  Jeypoi’e,  a  coarse  conglomerate  occurs  at  the 
junction  of  the  Alwar  and  liaialo  groups,  containing  lai-ge  boulders  of  gneiss, 
quartzite,  limestone,  and  of  a  banded  jasjjideons  rock,  in  a  .schistose  matrix.  Now, 
it  seems  impossible,  under  any  recognized  doctrines  of  rock-foinnation,  to  consider 
such  debris  as  this  to  be  derived  from  the  series  in  which  it  occure ;  and  the 
gneiss  bonldei’s  especially  require  the  supposition  of  a  metamorphic  series  older 
than  that  of  the  Aiwalis  themselves,  and  upon  which  an  overlap  of  the  Alwar 
quartzites  might  naturally  occur.  But  no  such  rocks  have  been  discriminated 
within  the  very  large  area  of  these  formations  explored.  Should  this  strati- 
graplucal  evitlence  fail,  it  may  be  permissible  to  sugge.st  some  primitive  conditions 
of  rock-formation,  involving  some  very  rapid  process  of  induration  of  deposits,  or 
even  their  crystallization,  to  take  the  place  of  what  is  commonly  implied  by 
metamoiqihism ;  and  also  involving  much  greater  facilities  of  very  local  distui-bance, 
whereby  the  same  dejmsits  may  be  strongly  unconformable  and  in  unbroken 
sequence,  within  close  proximity.  The  proved  extreme  antiquity  of  the  transi¬ 
tion  rocks  of  the  Indian  Peninsula  admits,  perhaps,  of  some  appeal  to  conditions 
differing  widely  from  any  standard  of  processes  now  in  operation.  These  rocks 
may,  indeed,  be  azoic  in  the  original  acceptation  of  the  term — anterior  to  the 
appearance  of  life  in  this  2)ortion  of  the  earth’s  surface. 

The  foregoing  remarks  refer  only'  to  the  Arvali  rocks,  as  hitherto  described ; 
but  Mr.  Hacket’s  observations  of  last  season  lead  him  to  extend  these  views  to 
some  rocks  of  the  adjoining  region  to  the  east,  although  without  a  re-examination 
of  these  sections.  The  change  offers  an  immediate  relief  from  the  difficulties 
stated  on  pages  51  and  52  of  the  IMauual.  At  the  eastern  edge  of  the  Aiwali 
region,  close  along  the  scarp  of  the  Vindhy'an  scries,  there  appear  in  the  Hindaun 
ridge  some  tyqpical  representatives  of  the  Gwalior  series.  In  their  standard  area, 
to  the  east  of  the  Vindhy^an  basin,  these  rocks  rest,  undisturbed  and  completely 
unconformable,  upon  the  gneiss  of  Bundelkhand ;  and  the  puzzle  was  to  find  a 
place  for  these  Gwaliors  of  the  Hindaun  ridge,  either  between  the  Vindhyansand 
the  Ai'vali  scries,  or  between  these  and  the  Arvali  gneiss ;  the  former  alternative 
being  provisionally  accepted  as  the  least  anomalous.  It  was  thought  that  the 
peculiar  composition  of  the  Gwalior  rocks  and  their  local  unconformity  to  the 
Arvali  series  forbade  their  being  identified  with  this  series.  Now,  however, 
Mr.  Hacket  considers  that,  as  with  the  Mandan  and  Ajabgarh  groups,  so  the 
Gwalior  rocks  must  be  brought  within  the  horizon  of  the  Raialo  group,  and  for 
similar  reasons.  The  most  peculiar  and  prevailing  character  of  the  Gwalior 
series  is  the  presence  of  jaspideous  bands,  generally  of  a  bright  red  colour.  The 
very  special  nature  of  this  rock,  however  abundant  locally,  would  be  in  itself  an 
excuse  for  not  insisting  upon  it  as  a  character  of  wide  extension.  The  objection 
is,  moreover,  modified  by  the  occurrence  of  compact  silicious  bands  in  the  Eaialo 
group,  as  in  the  hills  near  Sathana  in  Shaikhawati;  near  Chenpura,  north-east 
of  Basi  railway  station ;  and  near  Muhammad2mr,  south  of  Kherli  station. 
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The  Gwalior  rocks  hare  boon  indepondentlj^  ranked  as  in  the  upper  transition 
series  of  Peninsular  India,  as  pi’obably  equivalent  to  the  Kadapah  series  of 
Southern  India ;  and  thus  the  Arvali  series,  in  great  part  metamorphic,  would  bo 
brought  into  a  more  defined  position  in  the  general  scale  of  Indian  foiunations. 

Qondwdna  la'ls:  Palamotv. — On  page  198  of  the  Manual  inere  mention  could 
be  made  of  the  ‘  imsurveyed  basins  of  Palamow.’  A  description  of  these  coal-fields 
by  Mr.  Ball,  with  maps,  has  since  been  jmblished  (Mem.  G.  S.  I.,  Vol.  XV,  pt.  I). 
This  gi'ouud  is  more  accessible  from  the  trunk  railway  than  the  coal-basins  of  the 
upper  Damuda  valley ;  and  projects  for  working  the  coal  have  lately  been  jn-o- 
posed.  Two  new  coal-fields  have  been  marked  in  the  basin  of  the  Koel  river  :  the 
Aurunga  field  on  the  east  has  an  area  of  97  square  miles ;  and  the  Hutar  field 
on  the  west,  traversed  by  the  river  Koel,  has  an  area  of  78  square  miles.  Both 
measurements  include  the  whole  of  the  Gondwana  deposits,  but  the  areas  to  be 
deducted  from  the  Talchir  outcrop  are  small.  So  far  as  could  be  determined  fi’om 
surface  indications,  the  coal  of  these  areas,  especially  in  the  Aurunga  field,  is  not 
so  good  as  that  of  the  smaller  Daltonganj  field,  lower  down  the  Koel,  to  the 
north. 

The  geological  interest  of  this  ground  is,  that  here  a  marked  change  takes 
place  in  the  petrological  characters  of  the  Gondwana  system,  between  the  series 
as  developed  in  the  Damuda  valley  coal-fields  and  that  found  in  the  great 
midland  area  of  South  Rewah  (the  Son  region),  as  well  as  in  the  Mahanadi  and 
Godavari  regions.  In  the  Damuda  region  three  considerable  deposits  (the  Iron¬ 
stone  Shales,  Raniganj,  and  Panchet  groups),  of  lower  Gondwana  ago,  are  petro- 
logically  well  distinguished  from  the  lower  coal-measures  (BarUkar  grouji). 
These  gi'oups  are  here  overlaid  by  a  thick  sandstone,  generally  characterized  by  its 
comparative  want  of  earthy  bond,  and  its  consequent  porosity.  It  was  originally 
named  the  upper  Panchet  group,  in  the  Raniganj  field ;  but  from  its  presum¬ 
able  equivalence  to  the  Dubrajpur  sandstone  of  the  Rajmahiil  region,  in  which 
upper  Gondwana  fossils  occur,  and  from  partial  unconformity,  it  has  latterly 
been  separated  from  the  lower  Gondwana  series,  under  the  general  name 
‘Mahadeva,’  which  is  at  present  a  partial  equivalent  for  upper  Gondwana.  In  the 
midland  and  south-eastern  regions  a  sandstone  of  this  type  rests  immediately 
upon  beds  representing  the  lower  coal-measures  of  Bengal,  and  overlap-uncon¬ 
formity  is  at  many  places  very  marked  at  this  horizon.  Notwithstanding  these 
marks  of  changed  conditions,  it  appears  fi-om  tho  fossils  that  a  great  thickness 
of  these  upper  sandstones  (Kamthis)  in  tho  Godavari  valley  must  be  recognized 
as  lower  Gondwanas,  possibly  on  the  horizon  of  the  Raniganj  group  of  the 
Damuda  fields. 

Mr.  Ball  established  the  same  fact  for  the  upper  sandstones  at  Hengir  in  the 
Mahanadi  region ;  and  he  now  (1.  c.,  j).  46)  confirms  the  observation  of  the 
strong  resemblance  between  that  rock  and  the  sandstone  resting  on  the  lower 
coal-measures  in  Western  Palamow,  but  w'hich  he  shows  to  be  unquestionably 
identical  stratigraphically  -with-  the  supra-Panchet  sandstone  of  the  Damuda 
area.  Upon  this  the  suggestion  is  made  that  the  Hengir  rocks  present  ablendino’ 
of  the  characteristics  of  two  groups,  which  in  Palamow  are  separated  by  a  distinct 
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interval.  Of  such  di.stinct  interval,  however,  no  more  direct  stratigraphical 
evidence  is  found  in  Palamow  than  elsewhere,  beyond  the  original  fact  of  the 
intercalation  of  deposits  not  found  away  from  the  Damuda  area :  the  apparent 
sequence  of  the  upper  sandstone  (iMahadeva.s  of  Mr.  Ball’s  report)  on  the  Bara- 
kars  here  being  at  least  as  rcgnlav  as  in  the  south-eastern  Gondwana  regions ; 
so  that  the  expectation  to  find  lower  Gondwana  fossils  in  this  rock  here  woulil 
still  he  Justified.  Thus,  the  question  stands  pretty  much  as  before,  save  that  we 
know  exaetly  where  this  change  of  petrological  characters  takes  place. 

It  had  been  surmised  that  thi.s  change  would  coincide  with  tlie  limits  of  the 
Damuda  valley;  hut  Mr.  Ball  has  found  that  it  is  not  so.  A  barrier  of  gneiss, 
between  the  Kiirunpnra  and  Aurunga  coal-basins,  divides  the  waters  of  the 
Damuda  and  the  Aurunga,  which  is  a  tributary  of  the  Koel ;  and  in  the  eastern 
part  of  the  Aurunga  field  the  Panchot  and  Raniganj  groups  arc  about  as  well 
developed  as  in  the  Kilrunpura  field,  their  combined  thickness  being  about  1,700 
feet,  and  they  are  covered  by  the  ujiper  sandstone.  Notwitlrstanding  thi.s  great 
develojmient  in  thickness,  the  exten.sion  of  these  two  lower  Gondwana  groups  is 
strangely  limited.  The  feature  under  notice  is,  indeed,  brought  within  a  compa.ss 
of  two  miles  in  the  hills  south  of  Latehar,  at  the  west  end  of  which  the  upper 
(Mahadova)  sandstone  rests  on  Barakars,  and  at  the  east  end  on  Panchets.  Both 
the  north  and  south  bouudarie.s  are  represented  as  faulted,  so  that  the  overlap 
cannot  be  follo^ved  out ;  but  this  case  gives  at  least  the  assurance  that  the 
covering  sandstone,  so  differently  cii’eumstanced  at  its  base,  is  one  and  the  same 
formation.  The  absence  of  fossils  in  the.se  sections  is  deplorable.  Without 
them  the  position  of  this  top  sandstone  in  the  general  scries  must  remain  doubt¬ 
ful :  in  the  west  of  the  Aurunga  field  its  relation  to  the  coal-measures  is  precisely 
like  that  of  the  Kiimthi  and  Hengir  rocks  to  the  similar  coal-measures  of  the 
Godavari  and  Maluinadi  .regions,  while  in  the  eastern  part  of  the  field  it  overlies 
beds  (Panchets),  -vvhicli  in  turn  overlie  those  (Raniganj)  that  hawe  been  corre¬ 
lated  wdth  the  Kamthis. 

The  gneissic  barrier  between  the  Aurunga  and  Karunpura  fields  being 
much  higher  relatively  to  the  former  than  to  the  latter,  Mr.  Ball  considers  that  the 
separation  is  due  to  disturbance,  by  a  sinking  of  the  Aurunga  basin ;  so  that  they 
may  still  be  virtually  considered  as  belonging  to  the  same  original  area,  and  the 
similarity  of  the  sections  be  attributed  to  some  peculiar  conditions  of  that  ground. 

In  the  Son  region,  shortly  to  the  west  of  Palamow,  the  upper  sandstone 
scries  becomes  enormously  expanded ;  and  if,  as  seems  probable,  this  rock  in 
Palamow  repi-esents  the  base  of  that  expanded  series,  which,  again,  in  its 
southern  extension  is  likely  to  bo  identified  with  the  Kamthi  bcd.s  of  Hengir, 
then  the  top  sandstone  of  the  Damuda  region  cannot  properly  be  classed  as 
upper  Gondwana  (Mahadeva),  or  identified  with  the  Dubrajpiir  group  of  the 
Riijmahal  region ;  nor  could  the  Kdmthis  then  be  properly  correlated  with  the 
Raniganj  group,  unless  a  ccriain  correspondence  of  the  fossil  floras  at  distant 
localities  is  to  set  aside  local  superposition  in  the  Damuda  region,  represented 
elsewRere  by  the  most  cleai-ly  and  most  widely  marked  stratigraphical  change  in 
the  whole  Gondwana  series. 
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It  is  independently  a  most  puzzling  circumstance,  how  such  great  overlap, 
as  that  described  within  the  sedimentary  series  in  the  Aurunga  basin,  can  bo 
attended  by  so  little  evidence  of  unconformity  in  adjoining  gi-oirnd.  Mr.  Rail’s 
supposition  that  much  disturbance  and  denudation,  whereby  the  chain  of  coal- 
basins  of  the  Damuda  valley  were  defined,  and  whereby  the  deposition  of  the 
upper  sandstone  was  limited  to  that  depression,  intervened  before  the  deposition 
of  the  upper  sandstone,  almost  increases  the  difficulties  of  the  case  in  the  absence 
of  any  evidence  for  such  unconformity  as  must  have  attended  that  event. 

The  most  distinct  case  of  apparent  disturbance-unconformity  observed  by 
Mr.  Ball  (1.  c.,  p.  87)  is  between  the  upper  sandstone  and  the  Panchets,  not 
between  it  and  the  lower  coal-measures.  It  is  still  an  open  question  whether  the 
apparent  anomalies  of  these  sections  may  not  be  largely  traced  to  original 
(pre-Gondwana)  conditions  of  the  surface. 

Godavari  region. — Prom  the  foregoing  remarks  it  will  bo  understood  that  the 
distinction  of  ui^per  and  lower  Gondwana  rocks  in  the  Damuda  region  is  still 
presumptive,  based  principally  on  the  supposed  equivalence  of  the  top  sand¬ 
stone  of  the  series  with  the  undoubted  upper  Gondwfina  sand.stone  of  the 
detached  area  to  the  north-east,  in  the  Rajmahal  hills,  and  upon  occasional 
cases  of  overlap-unconformity  in  the  Damuda  coal-fields.  But  similar  uncon¬ 
formity  and  groat  irregularity  occurs  also  in  the  upper  groups  of  the  recognized 
lower  Gondwanas  of  the  Damuda  region;  while  the  most  marked  lithological 
change  and  overlap-unconformity  in  the  midland  and  southern  Gondwana  regions 
is  found  within  the  lower  Gondwana  series,  between  the  coal-measures  and  the 
Kiimthi-Hengir  sandstones,  which  in  this  direction  present  the  most  marked 
analogue  of  the  top  sandstone  of  Palamow. 

In  the  Godavai-i  region  the  fixing  of  this  middle  Gondwana  horizon  has 
been  for  some  time,  and  is  still,  a  great  puzzle.  On  the  lower  Godavari  it 
seemed  to  be  made  out  by  Mr.  King,  between  the  local  representatives  of  the 
Kamthi  group  and  the  Golapilli  sand.stones,  containing  a  Rajmahal  flora ;  and 
kir.  King  thought  he  identified  this  gi'oup  on  the  Prsinhita,  just  above  its  con¬ 
fluence  with  the  Godavari,  in  the  sandstone  of  Sironcha,  having  found  Golajrilli 
fossils  in  what  he  took  to  be  a  top  baird  of  this  sandstone  at  Anaram,  near 
Kota,  not  far  below  the  well  known  Lepidotus  hmestoue  of  that  place  (Rec. 
G.  S.  I.,  Vol.  X,  p.  55). 

Working  from  the  north,  Mr.  Hughes  found  no  upper  Gondwana  rocks  in  the 
Wardha  coahbasin,  but  at  the  southern  edge  of  that  area,  on  the  lower  Wardha, 
about  Porsa,  the  Kamthis  are  overlaid  by  red  clays,  which  are  identified  with  the 
well  known  Gerutodm  clays  of  kfalcri.  This  formation  spreads  rapidly  to  the 
south.  It  is  locally  covered  on  the  east  by  the  plateau-forming  conglomeratic 
sandstones  of  Chikiala,  resting  against  Vindhyan  I’ocks ;  and  to  the  west  it 
extends  far  up  the  Jangaon  valley,  gradually  overlapping  the  Kamthi  strata, 
so  as  to  rest  against  Vindhyans,  and  then  passes  under  the  Deccan  trap.  Here, 
too,  plant  fossils  of  decided  upper  Gondwana  type  wore  found,  so  that  on  this 
cross-section  the  whole  Gondwana  area,  50  miles  wide,  is  occupied  by  well 
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mai’kcd  upper  Gondwana  strata.  Soutli  of  the  Jangaon  valley  the  Karathis 
emerge  again  in  force,  encroaching  upon  the  upper  rocks  up  to  Sironcha,  where 
the  latter  are  reduced  to  a  width  of  six  miles.  Mr.  Hughe.s  carried  his  lines  up 
to  the  Godavari  and  the  Pranhita  at  Sironcha,  recognizing  no  group  between 
the  Kota-Maleris  and  the  Kamthis.  Here  he  encountered  Mr.  King’s  Sironcha 
sandstone,  the  lithological  peculiarities  of  which  he  admits,  considering  it 
more  like  the  rocks  associated  with  the  Maleri  clay.s,  than  it  is  like  the  typical 
Kamthis  (Rec.  G.  S.  I.,  Voh  XI,  pi.  23).  If,  however,  this  rock,  as  mapped  by 
Mr.  King  up  to  the  GodavaVi  from  the  south,  is  to  bo  taken  in  this  light,  or 
as  a  group  distinct  from  both  Maleris  and  Kamthis,  or,  as  would  appear  on 
hir.  Hughes’  map,  in  great  part  as  a  peculiar  form  of  the  upper  Kamthis, 
a  part  of  the  ground  mapped  north  of  the  Godavari  will  have  to  be  modified 
accordingly. 

Jlr.  King’s  observations  of  last  season  are  still  conflicting  as  to  which  of  tlicse 
views  may  irrove  true.  He  finds  the  conglomeratic  sandstone  of  Andram,  with 
which  the  upper  Gondwana  fossils  occur,  to  be  local,  and  considers  it  more 
likely  to  be  a  local  deposit,  or  a  remnant  of  an  overlying  formation,  than  to  belong 
to  the  underlying  Sironcha  sandstone.  Again,  he  describes  regular  Sironcha 
sandstone  as  unconformably  overlaid  by  the  reptilian  clays  of  the  Agrezpali  outlier, 
on  the  Goddvari,  IG  miles  above  Sironcha.  Mr.  Hughes  thought  these  clays 
might  be  high  in  the  Kota-Maleri  group ;  but  Mr.  King  does  not  adopt  this  sug¬ 
gestion,  and  considers  them  on  the  horizon  of  the  beds  at  Maleri.  Thus,  these  two 
observations  are  strongly  suggestive  of  the  Sironcha  being  lower  Gondwdna,  either 
as  upper  Kamthis,  or  as  an  independent  group. 

On  the  other  hand,  Mr.  King  is  in  favour  of  a  division  of  the  Kota-Maleri 
group,  as  he  finds  that  its  upper  portion  only,  at  and  above  the  horizon  of  the  Kota 
limestone,  is  represented  in  the  prolongation  of  that  foi-mation  south-east  of  the 
Pranhita,  overlying,  if  not  faulted  against,  the  Sironcha  sandstone.  Such  an 
overlap  would  be  valid  ground  for  reviving  the  original  question  of  the  probably 
mai’ked  separation  of  the  Lepidotus  limestone  and  the  Ceratodus  clays.  In  this 
connexion  Mr.  Hughes’  partial  identification  of  the  Sironcha  sandstone  with  that 
associated  with  the  Maleri  clay  (Rec.  G.  S.  I.,  Vol.  XI,  p.  23)  is  suggestive 
of  the  possibility  that  these  two  rocks  are  locally  representatives  of  each  other. 
In  this  case  the  views  given  in  the  preceding  paragraph  would  reqirire  modifi¬ 
cation  :  the  search  for  the  middle  Gondwana  horizon  would  have  to  bo  taken 
up  again,  even  in  the  Kota-Malcii  area ;  involving  the  roinvestigation  of  the 
horizon  of  the  plant  beds  in  the  Jangaon  valley,  as  to  whether  they  may  not  be 
in  the  upper  division  of  the  group,  as  is  indeed  suggested  by  the  probable 
identification  of  the  Chikiilla  beds  at  Bahinpur.  Mr.  King  holies  to  be  able  to 
revise,  and  decide  upon,  these  crucial  points  during  the  present  season. 

Early  in  the  season  Dr.  Feistmantel  visited  the  Siitpura  coal-basin,  to  examine 
on  the  ground  some  good  sections  of  the  Gondwiina  serie.s,  the  flora  of  which  he 
has  boon  studying  and  describing  so  carefully,  and  with  great  advantage  to  the 
Survey.  The  coal-measures  of  those  fields  were  always  taken  to  represent 
Barakars,  the  lowest  of  the  Damuda  coal-measures  ;  and  Dr.  Feistmantel  has  shown 
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Itliat  they  belong  ratber  to  tliat  still  lower  horizon  of  coal-boaring  strata,  represented 
I  by  the  Karharbari  measures  in  Bengal. 

On  the  western  confines  of  the  Peninsula,  wher-e  the  Gonclwanas  Ijecome 
associated  with  marine  strata,  Mr.  Feddon  broke  new  groxrnd  in  Kattywar.  He 
was  detained  by  office  work  in  Calcutta,  in  clas.sifying  some  of  the  collections  made 
by  hipi  in  previous  years,  and  arranging  them  in  the  new  Mnseixm,  and  he  conse¬ 
quently  did  not  take  the  field  till  the  end  of  1877.  In  the  early  months  of 
the  past  year  he  surveyed  a  portion  of  Kattywar,  amounting  to  about  1,800 
square  miles,  comprised  in  Topographical  Survey  sheets  21,  22,  23,  and 
portions  of  some  of  those  adjoining.  Mr.  Fedden  speaks  vei'y  highly  of  the 
excellence  of  these  maps.  The  country  examined  is  for  the  most  part  flat,  and 
the  rocks  consist  of  Deccan  traps,  overlying  sandstone,  in  which  some  remains  of 
plants  wei’e  found.  These  plants  prove  to  be  identical  with  those  occurring  in 
the  uppermost  Jurassic  or  Umia  beds  of  Cutch,  and  it  is  thus  clear  that  a  portion 
at  least  of  the  Cutch  Jurassic  series  extends  into  Northern  Kattywar. 

The  greater  part  of  the  area  examined  consists  of  Jurassic  sandstone,  the  hills 
being  of  trap ;  but  to  the  southward,  where  the  surface  is  mox'c  hilly,  the  tx-aps 
cover  the  countx-y.  The  beds,  both  of  sandstone  and  trap,  are  nearly  horizontal. 
Tn  some  places  between  the  Jurassic  beds  and  the  traps  a  tlxin  band  of  limestoxxe 
is  found,  which  coixtains  a  few  obscure  maxune  ox’ganisms.  This  band  xnay  peiffiaps 
represent  the  Bagh  beds  of  the  Narbada  valley.  A  few  intex’trappean  bands  are 
found,  and  some  oxxtlying  patches  of  milliolite  were  noticed  resting  on  the  trap. 

In  Soxxthern  India  Mr.  Foote  took  up  new  groxxnd  to  the  south  of  Trichino- 
poly.  In  cx’ossing  the  cretaceous  area  he  made  some  valuable  additions  to  oixr 
fossil  collections  from  those  formations.  He  also  I’o-examixied  the  localities 
where  the  Utatur  plant  beds  occur  at  the  base  of  the  series.  He  completely 
identifies  them  with  the  Jurassic  beds  containing  both  plants  and  max’ine  animal 
remains,  described  by  himself,  at  many  points  along  the  coastal  region  up  to  the 
Kistna.  From  the  entix-e  similaiuty  of  the  fossil  plants  and  their  mode  of  pre¬ 
servation  to  those  of  the  deposits  elsewhex-e  in  which  marine  fossils  are  descx'ibcd 
in  the  same  beds,  Mr.  Foote  is  of  opinion  that  the  Utatur  plant  beds  also  are 
probably  marine;  in  support  of  which  view  he  mentions  his  inability  to  find 
stratigraixhical  evidence  (xnox-e  than  overlap)  of  a  break  between  them  and  the 
overlying  middle  cretaceous  deposits,  thus  confix-ming  the  px’evious  obsexwation 
of  others  xxpon  this  interestixig  point.  Mr.  F oote’s  notes  upon  these  featux’cs  ax’o 
published  ixx  the  Records  for  the  year. 

The  country  south  of  Tanjorc  has,  so  fax-,  proved  very  xininteresting ;  no  rock 
appearing  between  the  gneiss  and  the  coast  alluvium,  except  the  Cuddalox-e  sand¬ 
stone  formation,  intimately  blended  with  the  covei'ing  laterite. 

Extra  Penmsidar  area. — In  the  extreme  North-Western  Punjab,  Mr.  Wynne 
made  a  px’elimiixary  examination  of  some  new  ground  in  Hazara,  havung  been 
prevented  by  diflicxxlties  on  the  frontier  from  following  the  fox’mations  of  the  Salt 
Range  across  the  Indus  into  Bannu,  as  had  been  px’oposed.  Owing  to  the  excep¬ 
tionally  wet  season,  and  illness  occasioned  theraby,  the  amount  and  details  of  the 
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■work  are  not  wliat  Mr.  Wynne  expected  to  acoomj)l)sli ;  still  lie  lias  gWen  a  most 
nseM  reconnoissance  of  tlie  ground  :  tlie  limits  of  tlie  crystalline  rocks  forming 
tke  liiglier  mountains  have  been  defined,  and  a  tentative  classification  and  distri¬ 
bution  given  of  the  unaltered  sedimentary  series  to  the  south  of  the  gneissic  area. 

The  most  interesting  feature  of  the  observations  is  the  extension  to  the  older 
rock-series  of  the  contrast  which  has  been  known  to  exist  in  the  newer  forma¬ 
tions,  between  the  Southern  Himalayan  area  and  the  country  to  the  west  of  the 
Jhelam.  In  Huziira  the  rocks  adjoining,  and  apparently  in  sequence  with,  the 
gneissic  rocks  are  a  gi’cat  thickness  of  sandstones,  quartzites,  and  dolomites, 
called  by  Mr.  Wymno  the  ‘  Tandl  series,’  presenting  little  or  no  correspondence 
with  the  strata  similarly  related  to  the  gneiss  of  the  Pir  Panjiil.  But  the  most 
anomalous  cii’cumstance  is,  that  Mr.  Wynne  provisionally  identifies  the  Tandl 
scries  with  the  ‘  Infra  Trias  ’  group  of  the  section  in  Sirban  mountain  (west  of 
Abbottabad),  which  is  there  distinctly  in  nnconformable  supcrj)osition  on  the 
Attock  slates  (see  Manual,  p.  499),  this  relation  not  being  so  clearly^  defined 
at  the  junction  of  these  slates  with  the  main  area  of  Tandls,  west  of  Abbottabad. 
If  these  conjectures  are  confirmed,  it  would  seem  that  the  gneiss  of  Hazara  is  much 
newer  than  the  central  gneiss  of  the  Himalayas. 

The  severe  famine  in  Kashmir  interfered  much  with  Mr.  Lydekker’s  work  in 
the  North-West  Himalayas.  This,  and  a  temporary  indisposition,  prevented  his 
carrying  out  his  projected  trip  to  the  Gilgit  region  ;  so  he  spent  the  season  in  the 
mountains  of  Dras  and  Tilail,  where  he  has  described  some  imjiortant.  sections  of 
the  sedimentary  rocks.  Mi*.  Lydekker  insists  strongly  upon  the  transitional 
relations  of  the  whole  series  from  silurian  to  ujDper  triassic  (see  Manual,  p.  6G0). 

Colonel  McMahon  has  again  made  an  important  contribution  to  our  wmrk  in 
the  Himalayan  regions — this  time  in  the  Central  Himalayan  districts,  to  the  north 
of  the  Simla  region  of  the  low'or  Himalayas.  His  observations  involve  a  recon¬ 
sideration  of  some  views  provisionally  j^ut  forward  in  the  Manual,  w'hile  yielding 
confirmatory  evidence  upon  others. 

The  strongly  nnconformable  relation  of  the  limestone  and  slate  series  of  the 
lo-wcr  Himalayas  to  the  central  gneiss,  presented  some  difficulty  as  compared  with 
the  pscndo-conformity  of  the  same  sedimentary  series  to  this  gneiss  on  the 
Tibetan  side  (Mannal,  p.  679  (a)).  Colonel  McMahon  describes  this  northern 
junction  within  four  miles  of  the  intrusive  granitic  mass  of  Gongra,  between 
Lipc  and  the  Unhang  Pass,  as  exhibiting  an  appearance  of  transitional  metamor¬ 
phism,  -svhich  contrasts  with  the  more  abrupt  contact  at  the  Bhabeh  Pass  and  in 
Niti.  Such  local  action  does  not,  however,  disturb  the  inferences  based  upon  the 
other  sections.  On  the  other  hand,  he  observed  in  Hangrang,  east  of  the  low’er  Spiti 
valley,  the  upper  (Muth)  beds  of  the  slate  series  to  be  in  original  superposition 
on  gneiss  at  the  base  of  the  Pni’gnil  Mountain,  the  gneiss  being,  up  to  the  very 
contact,  profusely  cut  up  by  large  and  small  granite  veins  that  do  not  penetrate 
the  overlying  limestone  and  slates,  which  are  not  described  as  more  altered  than 
at  points  remote  from  the  crystalline  rock.  This  would  appear  to  fix  a  very 
definite  limit  as  to  the  age  of  these  granitic  veins ;  and  the  total  overlap  of  the 
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great  mass  of  the  slate  series  establishes  for  this  area  original  conditions  of  uncon¬ 
formity  with  the  central  gneiss,  like  those  already  exhibited  in  the  Simla  region. 
The  position  of  this  overlap,  against  the  transverse  gneissic  mass  of  Purguil, 
shows,  moreover,  that  this  barrier  between  the  Zanskiir  and  Hundes  basins  is  of 
very  old  standing,  though  it  may  not  always  (since  paltnozoic  times)  have  been 
so  pirominent  as  now. 

Another  important  observation  of  Colonel  McMahon’s  is  his  reaffirmation  of 
Stoliezka’s  original  identification  of  the  Krol  limestone  with  the  Lilang  limestone 
of  Spiti.  This  decided  opinion,  based  upon  immediate  comparisons  of  the  sectiotis- 
in  those  adjoining  regions,  although  sepai’ated  by  the  great  gneissic  axis, 
cannot  be  set  aside ;  it  is  at  least  as  valid  as  the  very  broken  chain  of  evidence 
upon  which  a  different  correlation  was  provisionally  adopted  in  the  Manual 
(pp.  595-6).  The  intimate  connexion  of  the  triassic  and  carboniferous  series, 
as  urged  by  Mr.  Lydekkcr,  will,  in  the  absence  of  fossils,  make  the  close  decision 
of  this  question  a  matter  of  greater  difficulty. 

Mr.  Theobald  made  large  additions  during  last  season  to  our  collections  of  the 
Siwalik  fauna,  the  results  of  which  are  duly  recorded,  up  to  date,  in  Mr.  Lydekker’s 
papers  in  the  Records  and  the  Palteontologia  Indica.  Mr.  Theobald  is  now 
engaged  upon  the  tertiary  zone  east  of  the  Ganges  in  Rohilkhand,  at  the  base  of 
the  Himalayas  of  Garhwal  and  Kumaun. 

Mr.  Mallet  was  deputed  in  December  to  report  upon  some  coal  seams  in  Ramri 
Island,  reported  by  the  Commissioner  of  Akyab.  Mr.  Mallet  could  not  form  a 
favourable  opinion  of  the  practical  value  of  these  measures ;  the  coal  is  inferior  to 
that  of  Bengal,  and  the  measures  are  greatly  disturbed,  and  would  be  very  difficult 
to  work.  Specimens  of  a  very  different  coal,  a  bright  jetty  lignite,  were  forwarded 
by  the  Commissioner  from  the  Baranga  Islands.  The  site  of  this  coal  has  not 
yet  been  discovered ;  but  the  fact  that  the  piece  sent  is  distinctly  a  piece  of 
carbonized  wood,  suggests  the  probability  that  it  occurs  in  isolated  logs,  and  not 
as  a  continuous  seam.  The  petroleum  of  this  region  seems,  so  far,  to  offer  more 
favourable  prospects  than  the  coal. 

My  own  time  was  fully  engaged  throughout  the  greater  part  of  the  year  in 
directing  the  work  of  the  Survey,  and  in  editing  the  publications,  including  the 
Manual.  Without  a  fully  qualified  Assistant  permanently  at  head-quarters  to 
relieve  me  of  some  of  these  very  important  and  responsible  duties,  it  is  most  diffi¬ 
cult  for  me  to  undertake  effectively  the  more  congenial  occupation  of  examining 
crucial  questions  in  the  field.  The  cumbersome  arrangements  for  camp  life,  and 
the  slowness  of  moving  about  in  this  way,  prevent  any  compensating  results  being 
obtained  within  much  less  time  than  a  full  season  in  the  field.  At  the  same 
time  I  feel  that  my  long  experience  in  field  work  is  not  used  for  the  best  advant¬ 
age  of  the  Survey  unless  as  partially  applied  in  that  way. 

In  February  I  made  a  short  trip  to  the  North-West  Provinces,  to  serve  on 
the  Committee  appointed  for  investigating  into  the  causes  of  deterioration  of 
land  by  reh  in  the  Aligarh  district.  I  had  many  years  ago  made  some  partial 
observations  on  this  subject ;  and  I  have  been  again  strongly  impressed  with  tbe 
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extensive  injiiiy  to  cultivation  to  be  apprclienclcd  from  reb  in  connexion  witli 
canal  irrigation  ill  the  excessive  climate  of  North- Westeim  India.  My  notes  on 
the  subject  were  submitted  to  the  Committee,  and  published  in  its  report. 

I  took  the  opportunity  while  in  the  neighbourhood  to  investigate  two 
recent  case.s  of  supposed  discovery  of  coal :  one  in  the  Siwaliks  of  Dehra, 
reported  by  the  Railway  Department,  and  one  in  the  same  rocks  of  Nahan,  to  which 
my  attention  had  been  called  by  the  Punjab  Government.  From  my  pretty 
accurate  acquaintance  with  this  gi-ound,  I  was  fully  .satisfied  that  the  reports  were 
fallacious ;  but  in  regard  to  the  importance  of  the  subject,  and  to  the  general 
want  of  confidence  in  independent  geological  judgment,  I  visited  both  localities. 
The  result  was  what  I  expected :  it  would  have  been  impossible  to  extract  one 
hundred-weight  of  coal  from  all  that  was  left  of  the  supposed  “  seams.”  The 
repeated  revival  of  these  oft  exploded  discoveries  is  one  of  the  chronic  evils  of 
the  perpetual  change  of  staff  in  every  office  throughout  India. 

Publications. — Two  principal  Memoirs,  expected  to  bo  issued  vdthin  the  year, 
have  been  unavoidably  kept  back.  As  explained  in  last  year’s  report,  the  letter 
press  and  plates  of  Mr.  Wynne’s  report  on  the  Salt  Range,  forming  Vol.  XIV  of 
the  Memoirs,  were  then  ready  for  issue,  waiting  for  the  colour'- printing  of  the 
map.  This  has  not  yet  been  received.  Fully  coloured  proofs  have  recently  been 
passed  for  press,  and  the  issue  of  the  report  cannot  now  be  much  delayed.  The 
postponement  of  Mr.  Blanford’s  Memoir  on  Sind  has  been  already  explained. 
Mr.  Foote’s  Memoir  on  the  Nellore  District  is  in  hand  for  publication.  Thus 
the  only  number  of  the  Memoirs  actually  issued  during  the  year  was  Part  1 
of  Vol.  XV,  containing  Mr.  Ball’s  report  (with  three  maps)  on  the  Palamow 
coal-fields,  of  which  a  notice  has  already  been  given.  By  orders  of  Government, 
the  price  of  these  volumes  has  been  considerably  reduced. 

The  Recokds  for  1878  are,  by  way  of  compensation,  much  more  full  of 

matter  than  usual,  extending  to  three  times  the  size  originally  contemplated, 
and  containing  numerous  outline-maps. 

Of  the  pALaiONTOLOGiA  Indica  two  large  parts  were  issued  during  the  year  : 
one  by  Dr.  Feistmantel  on  the  flora  of  the  Jabalpur  group,  containing  14  jjlates, 
and  one  by  Mr.  Lydekker  on  the  crania  of  fossil  Ruminants,  containing  18  plates. 
Two  other  parts  by  the  same  authors  are  now  in  the  press.  A  revision  of  the 
somewhat  confused  classification  of  these  publications  has  been  made,  for  pub¬ 
lication  on  the  covers,  from  this  date.  The  price  has  also  been  reduced. 

Museimi. — So  far  as  compatible  with  other  cun’ent  work,  good  progress  has 
been  made  in  the  arrangement  and  labelling  of  the  collections  in  the  new 
cases  by  Dr.  Feistmantel  and  Mr.  Lydekker  in  the  palieontological  galleries,  and 
by  Mr.  Mallet  in  the  mineral  gallery.  The  frequent  calls  on  Mr.  Mallet  for 
occasional  assays  and  analyses,  form  a  serious  but  unavoidable  interruption  to 
the  systematic  examination  he  is  making  of  the  mineral  products  of  India,  so  far 
as  represented  in  our  collections. 

Library. — During  the  past  year  960  volumes,  or  parts  of  volumes,  have 
been  added  to  the  library  :  462  by  purchase,  and  488  by  presentation  or  in 
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exchange.  The  new  fittings  in  the  library  were  completed  within  the  year,  so 
it  will  now  be  possible  to  complete  the  thorough  arrangement  of  the  books. 

Personnel. — l^lr.  Hughes  was  absent  on  furlough  for  the  whole  year.  Mr. 
Ball  left  on  two  years’  furlough  on  the  1st  of  July.  Mr.  Lydekker  was  absent 
on  priTilege  leave  from  9th  February  to  8th  of  May;  Dr.  Feistmantel,  from 
21st  of  March  to  20th  of  June;  Mr.  MaUet,  from  2nd  July  to  19th  of  October; 
and  Mr.  King,  from  27th  July  to  21st  October. 

I  regret  to  have  to  record  the  death,  on  the  23rd  March,  of  Mr.  Walter 
Lindsay  Willson,  who  joined  the  service  in  March  1867.  He  had  then  been 
for  some  years  senior  geologist  on  the  Geological  Survey  of  Ireland;  and  the 
training  he  had  thei’e  received  was  very  marked  in  the  finished  neatness  of  his 
field-maps  in  India. 

Mr.  Carl  Ludolf  Griesbaeh,  p.g.s.,  was  appointed  by  the  Secretary  of  State 
in  the  room  of  Mr.  Willson,  and  joined  his  post  on  the  11th  November.  Mr. 
Griesbach’s  acquaintance  with  the  Karoo  formation  of  South  Africa  will  be  of 
service  in  elucidating  the  supposed  correspondence  of  those  strata  with  the 
GondwSna  series  of  India.  He  has  accordingly  been  deputed  to  take  up  work 
for  the  present  on  these  rocks  in  the  Sone  region,  in  continuation  of  Mr.  Ball’s 
survey  of  Palamow. 

Apprentice  Kishen  Singh  was  on  duty  till  November  with  Mr.  Theobald, 
who  repoi-ts  favourably  of  his  intelligence,  zeal,  and  good  conduct.  Ajjprentice 
Hira  Lai  was  on  duty  at  head-quarters,  where  he  performed  useful  service  in 
the  Museum  under  Mr.  Mallet  and  Dr.  Feistmantel.  He  was  sent  to  the  field 
with  Mr.  Griesbaeh  in  November,  when  Kishen  Singh  was  recalled  to  take  up 
the  duties  in  the  Museum. 

H.  B.  MEDLICOTT, 

Calcutta,  i  Su2xlt.  of  the  Geological  Survey  of  India. 

January  1879.  J 


List  of  Societies  and  other  Institutions  from  which  Puhlioations  have  been  received 
in  donation  or  exchange  for  the  Library  of  the  Geological  Survey  of  India 
during  the  year  1878. 

Amsterdam. — Royal  Society  of  Batavia. 

Belfast. — Natural  History  and  Philosophical  Society. 

Berlin. — German  Geological  Society. 

„  Royal  Pnissian  Academy  of  Sciences. 

Bombay. — Bombay  Branch  Royal  Asiatic  Society. 

Boston. — American  Academy  of  Arts  and  Sciences. 

,,  Boston  Society  of  Natural  History. 

Breslau.— Silesian  Society  of  Natural  History. 

Bristol. — ^Bristol  Museum. 

„  Naturalists’  Society. 
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Brussels.- 

JJ 

Budapest. 

Calcutta. 


Cambridge  (Mass).- 
Cape  Town. 
Cincinnati. 
Copenhagen. 
Davenport. 
Dijon. 
Dresden. 

>> 

Dublin. 

Edinburgh. 

Geneva. 

Glasgow. 

Gottingen. 

Lausanne. 

Liverpool. 

London.- 


Madrid, 

Melbourne 


Minnesota, 

iMoscow. 
Munich. 
New  Haven. 
Paris. 

Penzance, 

Philadelphia, 


■Geological  Society  of  Belgium. 

Belgium  Geograpliical  Society. 

-National  Museum. 

-Asiatic  Society  of  Bengal. 

Agricultural  and  Horticultural  Society. 
Meteorological  Survey. 

-IMiiscnm  of  Comparative  Zoology. 
-Department  of  Crown  Lands. 

-Zoological  Society. 

-Royal  Danisli  Academy. 

-Academy  of  Natural  Sciences. 

-Academy  of  Sciences. 

-The  I.sis  Society. 

Kais,  Leopol. -Carol.  Deuts.  Akademie. 

-Royal  Geological  Society  of  Ireland. 

-Royal  Society. 

•  Physical  and  Natural  History  Society. 
-Glasgow  University. 

-The  Giittingon  Society. 

-Vaudois  Society  of  Natural  Science. 
-Geological  Society  of  Liverpool. 

Literary  and  Philosophical  Society. 

-British  Museum. 

Geological  Society  of  London. 

Linncan  Society  of  London. 

Royal  Geological  Society  of  London. 

Royal  Institution  of  Great  Britain. 

Royal  Society  of  London. 

Zoological  Society  of  London. 

— Geographical  Society  of  Madrid. 

— ilining  Department,  Victoria. 

Royal  Society  of  Victoria. 

Geological  Survey  of  Victoria. 

— Geological  Survey  of  Minnesota. 

Academy  of  Natural  Sciences. 

— Imperial  Society  of  Naturalists. 

— Royal  Bavarian  Academy  of  Sciences. 

— Editors  of  the  American  Journal  of  Science. 
—  Geological  Society  of  France. 

Mining  Department. 

— Royal  Geological  Society  of  Cornwall. 

— Academy  of  Natural  Sciences. 

American  Philosophical  Society. 

Franklin  Institute. 

Pisa. — Society  of  Natural  Science,  Tuscany, 
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Plymouth.  — Devonsliire  Association. 

Rome. — Geological  Commission  of  Italy. 

,,  Royal  Academy. 

Rooekee.— Thomason  College  of  Civil  Engineering. 

Salem.  Mass. — American  A.ssociation  for  the  Advancement  of  Science. 

,,  Essex  Institute. 

Stockholm. — Royal  Academy  of  Science. 

St.  Peteesbueg. — Imperial  Academy  of  Sciences. 

Sydney. — Royal  Society  of  New  South  Wales. 

Tasmania. — Royal  Society. 

Turin. — Royal  Academy  of  Sciences. 

Vienna. — Imperial  Academy  of  Sciences. 

,,  Imperial  Geological  Institute. 

Washington. — Department  of  Agi-iculture,  U.  S.  A. 

,,  Smithsonian  Institute. 

,,  U.  S.  Geological  Exploration  of  the  40th  Parallel. 

„  U.  S.  Geological  and  Geographical  Survey. 

Wellington. — Geological  Survey  of  New  Zealand. 

„  New  Zealand  Institute. 

Yokohama. — German  Natui’alists’  Society. 

Yokk. — Yorkshire  Philosophical  Society. 

Governments  of  Madras,  Bengal,  and  the  Punjab;  Chief  Commissioners  of 
Central  Provinces  and  Mysore ;  Superintendents  of  Great  Trigonometrical  and 
Marine  Surveys ;  E oreign.  Home,  and  Revenue,  Agriculture  and  Commerce 
Departments. 


Geology  of  KashmIe  (3rd  notice),  hy  R.  Lydekker,  B.A.,  Geological  Survey 

of  India. 

With  a  Map. 

Introduction. 

Partly  owing  to  the  famine-stricken  condition  of  the  country,  and  partly 
owing  to  personal  di.sahilities,  my  geological  work  during  the  past  summer  in  the 
Kashmir  Himalaya  has  been  of  but  veiy  limited  extent,  and  only  a  comparatively 
small  area  of  country  has  in  consequence  been  surveyed.  The  work  which  I  have 
accomplished  is  noticed  in  the  present  paper  which  treats  chiefly  of  the  geology 
of  the  Tilail  and  Dras  districts,  and  also  of  a  few  places  in  the  valley  of  Kashmir 
which  had  not  been  jireviously  surveyed.  This  paper  must  be  read  in  conjunc¬ 
tion  with  my  tw'O  previous  jjajicrs  on  Himalayan  geology,  entitled  “  Geology  of 
the  Pir  Panjal^”  and  “Geology  of  Kashmir,  Kishtwar,  and  Pangi.”  ‘  I  shall 
frequently  refer  to  the  latter  as  “  my  la.st  paper.” 

'  Kcc.  Geol.  Surv.  ludia,  Vol.  IX,  p.  155,  XI,  p,  30. 
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Beconis  of  the  Geological  Siirveg  of  India. 

I. — Valley  of  the  Jhelam  and  KashmIr. 

I  have  first  to  correct  the  map  published  in  the  “  Geology  of  the  Pir  Panjal” 
in  a  veiy  important  point.  In  that  map  the  beds  at  the  MozafEarabad  bend  of 
the  Jhelam,  north  of  the  Mari  (Mnrree)  gi’onp,  are  classified  as  belonging  to  the 
Suhathu  group.  These  beds  consist  of  limestones  mingled  -with  a  few  slaty 
shales,  and  veiy  strongly  resemble  the  rocks  of  the  latter  group.  At  my  first  visit 
I  found  a  few  nummulites  near  the  junction  of  the  red  clays  and  limestones,  and  I 
thought  that  they  must  have  been  derived  from  the  latter.  Last  spring,  however, 
I  again  crossed  the  river  at  hlozaffarahiid,  and  after  making  a  very  careful  exami¬ 
nation  of  the  limestone  gi'oup,  I  came  to  the  conclusion  that  this  did  not  contain 
nummulites,  but  that  those  which  I  found  on  my  previous  visit  must  have  been 
derived  from  the  red  clay  series. 

The  limestones  and  slates  of  Mozaffarabad  agree  very  closely  in  general 
mineralogical  characters  with  the  Uri  limestones  described  in  my  paper  on  the 
Pir  Panjal,  and  I  have  therefore  come  to  the  conclusion  that  the  two  must  be 
referred  to  the  same  hoiizon.  It  is  not  possible,  however,  to  trace  the  two 
continuously  together,  as  to  the  south-east  of  Mozaffarahad  the  slates  of  the 
Kaj-Nag  come  into  contact  with  the  red  rocks  of  the  Mari  group. 

Slates  similar  in  character  to  those  of  the  Kaj-Niig  range,  associated  with 
newer  rocks,  occur  in  the  Hazara  district  to  the  south  of  MozafEarabad,  wLich  are 
now  in  course  of  examination  by  Mr.  Wj’nne.  It  seems  therefore  probable  that 
the  limestones  of  Uri  and  the  slates  of  the  Kaj-Nag  sweep  round  the  angle  of  the 
hlari  rocks  at  Mozaffarahad,  and  are  continuous  with  similar  rocks  forming  the 
ranges  of  the  Hazara  district,  w-hich  have  a  north-easterly  in  place  of  the 
normal  north- w'esterly  Himalayan  strike. 

In  the  above  referred  to  map  other  Suhathu  rocks  are  represented  to  the 
w-est  of  Dewal ;  these  are  on  the  strike  of  the  ilozaffarabad  limestones,  and  it  is 
not  improbable  that  they  also  belong  to  the  same  horizon.  It  must,  however,  be 
borne  in  mind,  that  further  south  to  the  west  of  Pindi  on  the  same  strike,  dis¬ 
tinctly  nummulitic  limestones  occur,  and  as  there  is  great  confusion  of  the  rocks 
in  many  parts  of  this  line,  the  position  of  those  to  the  Avest  of  Dewal  must  for  the 
present  remain  unsettled. 

In  my  last  map^  the  rocks  on  the  left  bank  of  the  low'er  part  of  the  Sind  valley 
were  left  uncolored ;  an  examination  of  these  rocks  show's  that  they  consist  entirely 
of  the  slates  and  sandstones  of  the  Panjal  series,  having  a  north-easterly  dip  at  the 
Dal  Lake.  The  rocks  up  the  Tnil  valley,  between  Srinagar  and  the  Lidar  valley, 
w'ere  similarly  left  uncolored  in  the  same  map.  These  rocks  I  now'  find  consist  en- 
thely  of  slates  and  sandstones,  mingled  here  and  there  Avith  the  Pir  Panjal  amyg- 
daloids;  they  must  doubtless  all  be  referred  to  the  Panjal  series.  The.se  same 
rocks  I  have  traced  northAvards  to  the  section  Avhich  I  took  last  year  betAveen  the 
Lidai-  and  Sind  valleys,  and  it  is  therefore  apparent  that  the  Avhole  of  the  rocks 
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north  of  the  ellipse  of  carboniferous  limestone  which  occurs  near  Srinagar  must 
be  referred  to  the  Panjal  series. 

On  the  opposite  side  of  the  yalley  of  Kashmir,  at  Gulmarg,  I  have  carried  a 
section  up  to  the  central  core  of  gneiss,  which  here  occupies  the  highest  point  of 
the  range,  and  is  continuous  with  the  gneiss  shewn  in  my  last  map  to  the  south¬ 
east  of  the  Jhelam  valley.  The  gneiss  above  Gulmarg  has  the  same  relation  to 
the  slates  and  sandstones  as  has  the  corresponding  gneiss  of  the  Pir  Panjal  pass 
to  the  same  series,  This  relation  and  the  inferences  drawn  from  it  will  be  found 
in  my  last  paper. 

II. — Sind  and  Tilail  Valleys. 

The  greater  part  of  the  Sind  valley  section  has  already  been  described  in  my 
last  paper.  During  the  past  summer,  however,  I  liad  occasion  to  re-traverse 
this  line,  and  some  further  remarks  on  the  section  which  occurred  to  me  duidng 
this  second  visit  have  been  added  in  the  present  paper.  My  great  object  in  this 
journey  was  to  trace  the  limestone  series  of  Sonamarg  and  Amrnath  (Ambarndth) 
to  the  north-west,  and  I  shall  describe  below  the  sections  ns  they  were  met  with 
on  my  route  :  it  may  be  well  in  the  first  place  to  mention  the  route  I  took. 

Starting  from  the  valley  of  Kashmir,  I  travelled  by  the  Ladak  road  as  far  as 
the  town  of  Dras ;  from  thence  I  turned  off  to  the  westward,  crossing  the  pass 
into  the  Tilail  valley;  I  then  followed  the  Kishenganga^  river  as  far  as  Gurais, 
making  several  detours  to  the  northward.  From  Gurais  I  returned  to  the  village 
of  Bodagram  in  Tilail,  and  from  thence  struck  across  the  hills  in  a  south-easterly 
direction  via,  the  Lahani  and  Gadasir  valleys  to  Sonamarg  in  the  Sind  valle}-. 
A  separate  trip  from  Kashmir  to  Gurais  along  the  Astor  road  enabled  me  to 
connect  the  north-westerly  extremity  of  the  Tilail  section  with  the  previously 
known  rocks  of  the  valley  of  Kashmir. 

At  page  47  of  mj'  last  paper  I  referred  to  a  mass  of  gneiss  mingled  with  a 
few  bands  of  limestone  wliich  occurs  in  the  lower  part  of  the  Sind  valley,  south 
of  the  village  of  Wangat.  I  then  suggested  the  possibility  of  this  gneiss  being 
newer  than  the  slate  series.  A  further  examination  of  these  rocks  has,  however, 
led  me  to  come  to  the  conclusion  that  the  gneiss  series  really  underlies  the  slate 
and  amygdaloidal  series,  and  that  the  former  must  consequently  coi-respond  in 
position  with  the  gneiss  of  the  Pir  Panjal.  The  peculiarity  of  the  Sind  valley 
gneiss  is,  that  it  contains  some  beds  of  unaltered  blue  limestone  and  others  of 
white  crystallised  limestone ;  the  occurrence  of  this  limestone  with  the  gneiss 
cannot,  however,  of  itself,  I  think,  be  regarded  as  of  any  importance  as  regards 
the  age  of  the  rock.  Very  similar  limestones  occur  in  the  gneiss  of  the  Bhiitna 
river  in  Parigi,  which  were  noticed  in  ray  last  paper. 

Above  this  mass  of  gneiss  I  have  no  additional  remarks  to  make  on  the  Sind 
valley  section,  until  we  come  to  the  great  limestone  series  of  Sonamai-g.  In  rela- 

'  The  name  of  the  Kisheiigangn  river  docs  not  appear  on  the  map.  It  should  he  applied  to  the 
river  which  rises  in  Tilail  above  Giijrond  (Goojroud),  and  from  thence  Hows  to  Gurais. 
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tioii  to  this  series  I  miist  observe  taat  in  my  last  pnblisbed  maj^,  tbe  bonndary  lines 
ci  this  foiTnation  on  tbe  Dras  side  of  tbe  Koji  pass  were  taken  from  nupublislied 
notes  left  ty  tbe  late  Dr.  Etoiiezka  ;  a  traverse  of  tbis  route  by  myself  bas  shown 
me  that  some  error  bad  crept  into  tbe  map  as  to  tbe  position  of  tbe  north-eastern 
bonndary  of  tbe  Zoji-la  slates  which  was  put  much  too  near  tbe  pass ;  tbis 
error  was  most  probably  due  to  some  misinterpretation  of  tbe  notes  left  by 
Dr.  Stoliczka. 

As  I  hail  not  proceeded  beyond  Sonamarg  wben  I  wrote  my  last  paper,  I 
shall  take  up  the  section  from  that  place;  the  preceding  descriptions  of  this 
section  will  be  found  at  page  46  of  my  last  paper  of  which  this  must  be  taken 
as  tbe  sequel. 

An  anticlinal  axis  traverses  the  Sonamarg  limestone  series  in  a  north¬ 
westerly  and  south-easterly  direction  near  the  village  of  Thajwaz ;  this  axis,  as  is 
noticed  by  Dr.  Stoliczka,*  is  continued  from  thence  along  the  course  of  the  Sind 
river  as  far  as  the  baiting  place  of  Baltal,  at  which  point  it  bends  round  abruptly  to 
the  southward.  As  we  ascend  the  Sind  valley  from  Sonamarg,  we  find  higher 
and  higher  beds  forming  tbe  exposed  base  of  tbe  anticlinal,  till  at  Baltal  the 
rocks  consist  in  great  part  of  white  dolomitic  limestones  like  those  of  Amrnath 
cave,  described  in  my  last  paper.  A  great  portion  of  the  lower  white  dolomitic 
rocks  of  the  latter  place  are  replaced  in  the  Sind  valley  by  blue  banded  limestones 
intermingled  vutb  slates. 

Immediately  above  Baltal,  the  limestones,  with  a  north-easterly  dip,  are 
succeeded  by  the  slates  of  the  Zop-la,  with  the  same  dip :  these  slates  soon 
become  nearly  vertical ;  they  are  often  columnar  or  bacillar  in  stmcture,  and 
contain  bands  of  limestone ;  immediately  north  of  the  Zoji  pass,  we  find  a  band 
of  this  intercalated  limestone  some  fifty  feet  in  thickness ;  this  limestone  is 
underlaid  by  slates,  and  again  appears  further  down  across  an  anticlinal  flexure 
in  the  same  slates.  Alternations  of  slates,  micaceous  sandstones,  and  quartzites, 
with  occasional  bands  of  limestone,  continue  along  the  Dras  road,  till  we  get 
within  half  a  mile  of  Mataian :  these  rocks  in  many  places  are  greatly  disturbed 
by  contortion. 

Above  Mataian  we  come  upon  blue  limestones  underlying  the  slates ;  the 
former  are  again  underlaid  by  white  dolomitic  limestones  like  those  of  Amrnath  ; 
these  limestones  indeed  bend  round  to  the  east  of  the  Gumbar  (Goomber)  stream 
to  meet  those  of  the  latter  place. 

We  have  already  seen  that  the  triassic  limestones  and  dolomites  of  Sonamarg, 
according  to  my  view,  underlie  the  slates  at  Baltal  and  Mataian,  in  which  respect 
the  sequence  here  exactly  agrees  with  that  w  hich  I  have  shown  in  my  last  paper* 
to  occur  more  to  the  eastward  at  Panjtarni.  Further,  we  have  seen  that  a  dis¬ 
tinct  anticlinal  flexure  traverses  the  limestone  series  at  Baltal,  which  disproves  the 

*  Scic'iiiitic  royulfb  ( i’  VinliaiHl  Gti'logy,  ji.  12. 
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alleged  superpositioB  of  the  triassic  limef?toiies  on  the  Zoji-la  slatesd  Across  the 
Zoji-la  pass,  however,  owing  to  the  great  amount  of  contortion  which  the  rocks 
have  undergone,  the  sequence  cannot  be  dearly  traced,  though  I  incline  to  think 
that  the  whole  of  the  rocks  between  Baltal  and  Mataian  are  newer  than  the 
triassic  limestone  series.  Beyond  the  Zoji  pass,  however,  there  occur  on  the 
road  a  few  blocks  of  a  gneissoid  rock  coming  from  the  eastward,  which  may 
show  that  certain  older  rocks  are  throwm  up  by  faults  wd thin  the  presumed  triassic 
area.  I  have  no  positive  proof,  however,  that  such  is  the  case,  and  I  do  not  there¬ 
fore  desire  to  lay  any  gi-eat  stress  one  way  or  the  other  upon  the  presence  of 
a  few'  gneissoid  rocks  within  this  area. 

At  Mataian  there  is  a  small  fold  in  the  white  dolomitic  limestones,  and  below 
this  the  same  rocks  continue  with  a  southerly  or  south-westerly  dip  to  the  great 
bend  in  the  Gumbar  river.  At  this  bend  the  triassic  series  is  faulted  ao-ainst 

o 

another  great  rock  series,  which  has  a  northerly  dip  ;  for  a  short  distance  below 
this  bend  the  river  runs  along  a  faulted  anticlinal  axis,  while  further  dowm  the 
dolomitic  series  is  continued  to  the  eastw'ard  a  little  to  the  south  of  the  river  :  the 
dolomitic  rocks  have  in  this  direction  been  traced  a  little  to  the  eastward  of  Dras. 
The  rocks^  to  the  north  of  this  fault  have  a  general  blackish  color  when  seen  from 
a  short  distance,  which  contrasts  most  sti’ongly  with  the  white  colored  dolomites 
to  the  south.  These  slaty  rocks  to  the  north  and  east  of  Dras  are  abruptly  cut  off 
by  a  great  mass  of  crystalline  rocks.  These  crystalline  rocks  are  mentioned  by 
Dr.  Stoliezka  in  his  “  Geological  Observations  in  Western  Tibet ’’under  the  name 
of  syenite,  and  are  traced  down  the  Suru  river.  In  the  latter  area,  according  to 
Dr.  Stoliezka,  this  rock  contains  large  crystals  of  hornblende  and  diallage,  wdth 
occasional  nests  of  epidote  and  serpentine,  together  with  grey  quartz,  and  albite, 
and  occasionally  orthoelase.  A  rock  of  this  composition  is  of  eom-se  rightly 
named  syenite :  at  Dras,  however,  the  composition  of  the  rock  appears  to  have 
changed ;  in  hand  specimens,  which  I  collected,  its  constituents  are  quartz,  browm 
uniaxial  mica,  and  one  or  two  kinds  of  felspar,  and  apparently  no  hornblende. 
The  Dras  rock,  therefore,  seems  to  be  a  true  granite,  and  the  same  composition 
prevails  in  these  rocks  as  W'e  proceed  to  the  east. 

A  portion  of  the  slaty  rocks  of  Dras  wms  con.sidered  by  Dr.  Stoliezka  (sup. 
cit.,  p.  349)  to  be  of  silurian  ago,  while  another  portion  was  considered  to  be  of 

■  There  appears  to  be  some  confusion  in  Br.  Stoliezka’s  account  of  this  section.  At  page  349 
of  his  “  Geological  Obscn’ations  in  Western  Tibet,”  he  obSciTes,  “  these  rocks  (Zoji-la  slates) 
are  neglecting  interruptions— by  limestones  and  carbonaceous  sliftes,”  making  no  men. 

tion  of  the  anticlinal  in  the  limestones.  At  page  12  of  the  Geology  of  the  Yarkand  Mission, 
he  observes  that  the  limestones  near  Sonamarg  have  ‘  a  northerly  dip  on  the  right  hank  of  the 
valley,’  and  immediately  afterwards  he  says,  that  some  four  miles  to  the  east  on  the  same  strike 
these  limestones  which  dip  towards  the  slates  are  underlaid  by  the  slates,  which  is,  so  far,  contra, 
dictory.  In  my  last  paper  on  Kashmir  geol  ogy  (p.  45),  I  assumed  from  Br.  Stoliezka’s  first  account 
that  there  must  he  inversion.  Now  that  1  have  visited  the  spot,  however,  it  appears  to  he  a 
regular  sequence,  though  somew'hat  contorted,  but  a  sequence  which  agi-ees  exactly  with  the  less 
disturbed  one  at  Panjtarni. 

2  Mem.  Geol.  Surv.  India,  Vol.  V,  p.  347. 
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carboniferous  age ;  no  fossils  were,  however,  discovered.  We  shall  subsequently 
see  that  these  Dras  slates  are  the  equivalents  of  the  Pir  Panjal  rocks  of  Kashmir, 
and  therefore  appear  to  be  the  equivalents  mainly  of  the  Silurians,  though  there  is 
no  reason  why  some  of  their  higher  beds  should  not  be  carboniferous.  The  same 
rocks  may  be  traced  in  a  south-easterly  direction  to  Kurtse,  where  they  overlie 
the  gneiss  of  Suru. 

Kear  the  town  of  Dras  itself  the  slate  series  has  generally  a  very  massive 
character,  showing  at  a  short  distance  but  very  indistinct  signs  of  stratification ; 
the  rocks  consist  mainly  of  brown  or  purple  sandstones,  and  black,  brown,  green, 
and  brick-red  slates  and  shales.  To  the  westward  of  Dras,  the  same  rock-series 
is  continued  up  the  Muski  stream,  with  a  generally  northerly  dip ;  a  little  to  the 
south  of  the  same  stream,  we  may  trace  the  bold  line  of  cliffs  of  the  triassic 
dolomites,  which  have  a  generally  westerly  trend,  and  the  same  southerly  dip 
which  we  observed  at  Dras.  Westward  of  Dras  many  of  the  rocks  in  the  slate 
series  consist  of  light  colored  ribband- jasper,  and  there  are  also  numerous  beds 
of  conglomerate  intercalated  with  the  slates.  The  pebbles  in  this  conglomerate 
ar-e  sometimes  water- w'orn  and  sometimes  angular,  and  do  not  generally  exceed 
four  inches  in  their  longest  diameter ;  they  consist  of  quartzites,  gi-its,  and  slates, 
some  of  the  two  latter  of  which  are  veiy  similar  in  character  to  the  main  rock. 
The  occurrence  of  pebbles  in  these  rocks  similar  to  the  matrix,  may  perhaps  be 
explained  in  tbe  manner  in  which  Sir  Charles  Lyell  explains  a  similar  feature 
in  the  Stonesfield  slate  of  England  he  there  suggests  that  the  pebbles  in  the 
conglomerate,  which  resemble  the  main  rock,  may  be  portions  of  the  same  deposit 
which  have  been  broken  up  in  shallows  and  re-deposited.  The  rocks  may, 
how'ever,  have  been  altered  before  the  formation  of  this  conglomerate. 

About  twelve  miles  above  Dras  on  the  Muski  river,  a  few  thin  bands  of 
limestone  occur  in  the  slate  series ;  nearer  the  pass,  at  the  head  of  the  river,  black 
slates  and  conglomerates  are  the  prevalent  rocks. 

As  we  approach  the  pass  separating  the  Dras  and  Kishenganga  valleys,  blue 
limestones  begin  gradually  to  appear  at  the  top  of  the  slate  series  (which  has 
a  southerly  dip),  till  finally  at  the  pass  itself  these  blue  limestones  form  the 
greater  poi'tion  of  the  higher  part  of  the  series ;  still  further  to  the  south  these 
blue  limestones  are  overlaid  conformably  by  the  buff  dolomitic  limestones  con¬ 
tinuous  with  those  south  of  Dras,  in  which  Dr.  Stoliezka  found  triassic  fossils. 

We  therefore  find  that  at  the  head  of  the  Muski  stream  a  very  different 
condition  obtains  to  what  we  found  at  Dras ;  at  the  latter  place  we  found  a  fault 
separating  the  Dras  slates  from  the  triassic  dolomites,  while  in  the  former  place 
the  two  series  are  connected  by  an  intervening  series  of  blue  limestones,  the 
-whole  being  apparently  conformable.  The  inference  from  this  is  firstly,  that  the 
fault  which  occurred  at  Dras  has  here  died  out,  secondly,  that  the  intermediate 
blue  limestones  belong  approximately  to  the  carboniferous  series,  and  thirdly, 
that  the  Dras  slates  belong  approximately  to  the  silurian  series.  The  carboni- 

>  Btudfiit’s  Elements  ol  Geology,  p.  323. 
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fcrous  limestone  I  estimate  here  at  3,000  feet  in  thickness,  and  the  triassic  as 
from  4,000  to  6,000  feet. 

Down  the  Tilail  valley,  nearly  to  the  Burzil  (Boorzil)  river,  the  blue  carboni¬ 
ferous  limestone  continues  a  little  to  the  south  of  the  Kishenganga,  overlying  the 
slates,  and  itself  overlaid  by  the  dolomitic  limestones  of  the  trias  ;  these  latter, 
more  especially  in  the  pass  between  Dras  and  Tilail,  from  their  uniform  and  homo¬ 
geneous  character,  weather  into  grand  tower-like  cliffs  and  crags,  showing  very 
little  signs  of  stratification.  The  banded  carboniferous  limestones,  on  the  other 
hand,  which  generally  contain  intercalated  beds  of  slate,  weather  into  bands 
parallel  to  the  stratification. 

On  the  right  bank  of  the  Kishenganga  river  in  Tilail,  there  is  an  anticlinal  axis 
a  little  north  of  the  limestone  series,  and  again,  beyond  this,  a  synclinal  axis  ;  in 
this  synclinal  axis  there  occurs  a  broken  line  of  presumably  carboniferous  lime¬ 
stone.  To  the  north  of  this  .synclinal  I  have  traced  the  slate  series,  w'hich  has  a 
generally  southerly  dip,  to  the  summit  of  the  Tilail  watershed  j  black  slates  here 
form  the  higher  portions  of  the  series,  while  sandstones  and  gifts  are  more  common 
lower  down.  Lower  down  the  Kishenganga  valley,  during  a  shooting  tour  made  in 
1874,  I  also  traced  the  same  slate  series  to  the  watershed  of  the  Kelah  Shai  and 
Satani  streams ;  it  is  therefore  apparent  that  this  Silurian  slate  series  extends  to 
the  northern  w^atershed  of  the  Muski  and  Kishenganga  valleys,  from  Dras  to  the 
Burzil  river.  I  may  mention  that  in  the  fine-grained  black  slates  which  occur 
high  up  in  the  Kelah  Shai  valley,  I  found  in  1874  obscure  organic  impressions 
W'hich  I  thought  might  possibly  belong  to  GnqitoUtes.  1  have  unfortunately 
since  lost  these  specimens,  so  that  I  cannot  confirm  tliis  opinion. 

Returning  to  the  middle  of  the  Tilail  valley,  near  the  village  of  Bodagram,  we 
find  that  green  amygdaloids  like  those  of  the  PirPanjalare  of  common  occurrence 
in  the  slate  series,  from  which  1  think  we  may  safely  conclude  that  the  Dras  and 
Panjal  series  are  of  the  same  age.  This  coincides  with  the  inference  drawn  as 
to  the  age  of  the  Dras  slates  from  their  relations  to  the  triassic  dolomites. 

We  have  now  to  take  an  oblique  cross-section  through  the  great  limestone 
series,  from  the  village  of  Bodagram  in  Tilail  to  Sonamarg  in  the  Sind  valley. 
In  crossing  the  ridge  on  the  left  bank  of  the  Kishenganga,  separating  that  river 
from  the  Lahani  stream,  we  first  pass  over  a  continuously  ascending  series  of  light 
blue  carboniferous  limestones  with  a  southerly  dip;  as  we  descend  on  the  opposite 
side  of  the  ridge  into  the  Lahani  valley,  we  find  these  blue  lime.stones  succeeded 
conformably  by  bands  of  white  dolomitic  limestones,  pure  blue  limestones,  green 
slates,  and  a  peculiar  white  slaty  limestone.  On  the  Lahani  stream  there  occurs 
a  thick  band  of  brownish  slates ;  these  and  other  slates  intermingled  with  a  few 
bands  of  limestone,  with  the  same  southerly  dip,  extend  halfway  up  the  ridge 
separating  the  Lahani  from  the  Gadasir  stream  ;  here  we  find  the  slates  overlaid 
by  white,  buff,  and  blue  dolomites  and  limestones.  Crossing  the  ridge  into  the 
Gadasir  vallev,  we  come  upon  a  synclinal  axis,  and  as  w'e  descend  we  cross  the 
same  beds  in  a  reversed  direction.  The  lowest  of  these  northerly  dipping  beds, 
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however,  exposed  in  the  Gadasir  stream  are  the  dolomites  and  limestones,  and 
not  the  underlying  slates  seen  in  the  Lahani  stream. 

It  will,  I  think,  be  evident  from  this  section  that  the  last-mentioned  dolomites 
and  limestones  must  be  the  representatives  of  the  pure  white  triassic  dolomites 
which  occur  further  to  the  east;  it  is,  however,  not  quite  clear  whether  the  brown 
slates  in  the  Lahani  valley  belong  to  the  carboniferous  or  to  the  triassic  scries; 
as,  ho-wever,  dolomitic  limestones  and  a  whitish  calcareous  slate  occur  below  these 
brown  slates,  and  as  the  thickness  of  the  carboniferous  limestones,  north  of  the 
Lahani  stream,  is  about  equal  to  that  which  occuns  more  to  the  eastward,  I  have 
thought  it  probable  that  the  slates  near  the  Lahani  stream  and  the  overlying 
dolomites  and  limestones  all  belong  to  the  triassic  series,  and  I  have  accordingly 
so  colored  them  in  the  map.  The  slates  which  occur  in  the  middle  of  the  lime¬ 
stones  not  improbably  indicate  that  we  have  here  a  littoral  deposit  in  a  subsiding 
area,  and  that  as  subsidence  went  on  more  rapidly,  limestones  were  again  thrown 
down  over  the  slates. 

As  the  triassic  series  has  not  in  this  place  the  homogeneous  structure  which 
is  so  characteristic  of  it,  further  to  the  eastward,  the  general  appearance  of  the 
rocks  is  very  different ;  they  do  not  weather  out  into  the  craggy  peaks  like  those 
of  Amrnath  and  Dras,  but  into  parallel  hollows  and  ridges,  accordingly  as  the 
harder  or  softer  beds  are  more  prevalent :  in  this  respect  resembling  the  triassic 
series  at  Sonamarg,  as  described  in  my  last  paper. 

Eeverting  now  to  our  section,  we  find  on  the  left  bank  of  the  Gadasir  stream, 
tall  cliffs  composed  of  the  amygdaloidnl  rocks  of  the  Plr  Panjal  series,  which  1 
have  traced  to  the  south-east  into  similar  rocks  forming  Shalian  ridge,  which 
were  described  in  my  last  paper ;  to  the  north-west  these  rocks  continue  on 
tow'ards  Gurais,  where  I  shall  have  again  to  refer  to  them.  The  boundai-y 
between  the  triassic  and  silurian  rocks  continues  up  the  Gadasir  stream,  and  by 
the  two  small  lakes  called  Kishan-Sar  at  the  head  of  the  Raman  stream,  and 
thence  again  down  the  Richinai  stream,  till  it  reaches  Thajw'az,  where  it  was 
described  in  my  last  paper.  TVhite  dolomitic  limestones  are  most  prevalent  at 
Rishan-Sar,  but  towards  Thajw'az  blue  bmestones  with  slates  are  more  jrrev'alent ; 
corals  and  erfinords  are  extremely  abundant  in  the  dolomrtic  limestones  near  the 
head  of  the  Gadasir  stream,  the  rocks  at  this  place  havrng  evrdently  once  foraned 
part  of  an  old  coral  reef. 

For  some  w  ay  down  the  Gadasir  str'eam,  the  junction  betw’een  the  slate  and 
limestone  series  is  a  faulted  one ;  this  is  rendered  evident  by  the  fact  that  the 
higher  dolomitic  limestones  in  the  Gadasir  valley  rest  against  the  nearly  vertical 
Silurians,  while  at  Thajwaz  the  limestones  in  which  Dr.  Stoliezka  found  a 
triassic  Ammonite  dip  towards  the  older  silurians.  Lower  down  the  Gadasir 
stream,  however,  as  we  shall  see  at  Gurais,  the  fault  dies  out,  and  there  is  an 
apparently  uninterrupted  succession  from  the  presumably  silurian  slates  to  the 
triassic  dolomites. 

As  accessoi-y  evidence  in  regard  to  the  Gadasir-Nichinai  fault,  it  may  be 
observed  that  along  the  W’hole  of  this  junction,  a  line  of  springs  of  extremely  pure 
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water  bursts  forth.  These  springs,  which  have  a  temperature  of  about  60°  F., 
in  great  part  supply  the  two  small  lakes  called  Kishan-Sar  above  referred  to. 
These  lakes  are  situated  at  an  elevation  of  a  little  short  of  13,000  feet  above  the 
sea ;  and  my  guide  from  Tilail  told  mo  that  they  never  freeze,  even  in  winter, 
which  is  owing  to  their  being  supplied  by  these  springs  whose  temperature  I 
presume  to  be  nearly  constant.  I  at  the  same  time  paid  a  visit  to  another  small 
lake  called  Gurasar-Nag,  within  the  Silurian  area,  and  consequently  off  the  line 
of  springs ;  in  this  lake,  which  is  situated  at  about  the  same  elevation  as  the 
others,  I  found,  at  the  latter  part  of  August,  huge  masses  of  snow  floating  about 
in  the  water,  and  the  temperature  of  the  water  at  freezing  point,  while  the  tem¬ 
perature  of  the  water  of  Kishan-Sar  I  estimated  at  over  40°  F.,  though  glaciers 
drain  into  it. 

From  these  facts  there  can  be  little  doubt  but  that  the  above  referred  to  line 
of  springs  is  of  veiy  deep-seated  origin,  which  is  strongly  in  favor  of  their  being 
forced  up  from  the  depths  of  a  fault  between  the  limestone  and  slate  series. 

I  may  mention  in  passing  that  the  mountain  lakes  refei-red  to  above  are 
situated  in  hollows,  the  mouths  of  w'hich  are  dammed  by  the  moraines  of  old 
glaciei's,  of  the  former  existence  of  which  there  are  here  abundant  evidences. 

Returning  once  more  to  our  section,  it  finstly  remains  to  mention  that  the 
band  of  carboniferous  cherty  limestone,  described  in  my  former  paper  as  occur¬ 
ring  at  the  top  of  the  slate  series  at  Gaggangan  (Gungungan)  in  the  Sind  valley, 
and  thence  continued  to  the  norib-west,  dies  out  across  the  watershed  of  the  Sind 
valley,  and  the  amygdaloidal  Silurians  of  the  Shalian  ridge  consequently  come 
into  immediate  contact  with  the  slates  of  the  Sind  valley,  though  I  am  unable  to 
say  whether  or  no  the  fault  is  continued. 

It  now  remains  to  consider  the  limestone  series  near  Gurais,  but  before 
doing  so  it  will  be  simpler  to  carry  a  section  from  the  valley  of  Kashmir  to  the 
latter  place,  in  order  that  we  may  the  more  thoroughly  understand  the  sequence. 
Starting  from  Kralpiir  (Kralpoora)  on  the  Gurais  and  Astor  road,  we  find  near 
that  village,  that  the  rocks  consist  chiefly  of  amygdaloids  and  slates,  an  anticlinal 
axis  running  through  them  close  to  the  village.  Between  Kralpiir  and  the  halting 
place  of  Tragbal,  the  rocks  have  a  general  flat  noriherly  dip ;  the  amygdaloidal 
rocks  become  relatively  fewer  as  we  ascend,  and  are  replaced  by  green  and  black 
or  brown  slates  and  sandstones ;  above  Tragbal  the  rocks  consist  almost  entirely 
of  black  slates  which  preserve  the  same  north-easterly  dip  tiU  we  apijiroach  a 
synclinal  axis,  near  the  pass,  which  is  again  shortly  followed  by  an  anticlinal 
axis.  Descending  from  the  pass  towards  Kanzalwan,  after  a  few  miles  we  come 
upon  a  band  of  micaceous  and  gneissoid  rocks,  with  a  northerly  dip,  apiparently 
overlying  the  black  slates.  It  is,  however,  quite  possible  that  a  fault  may  occur  at 
the  base  of  these  gneissoid  rocks,  and  they  may  consequently  be  at  the  base  of  the 
slates.  There  is,  I  think,  from  its  mineral  character,  little  doubt  but  that  this 
gneiss  is  the  same  as  that  of  the  PirPanjal,  which  1  have  considered  in  my  former 
papera  to  be  at  the  base  of  the  slates.  Irresjjectivc  of  any  other  considerations, 
it  would  be  extremel}'  improbable  that  a  band  of  gneiss,  in  localities  so  far  apart 
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as  this  and  the  Pir  Panjal,  always  occurred  in  the  middle  of  the  slates,  whereas 
it  would  he  exti’emely  probable  that  it  should  occur  always  at  their  base. 

Beyond  this  gneiss,  still  descending  the  stream,  we  find  black  slates  con¬ 
formably  overlying  the  ci-ystalline  hand,  while  towards  Kanzalwan  a  few  of 
the  Pir  Panjal  amygdaloids  occur  intermingled  with  the  slates,  showing  that 
we  are  still  in  the  silurian  series.  Leaving  Kanzalwan,  the  rocks  along  the 
Kishenganga  river  consist  of  the  peculiar  bluish-green  slaty  sandstones  which 
were  noticed  in  my  last  paper  as  occiu'ring  below  the  carboniferous  limestones 
at  Chandanwari,  in  the  Lidar  valley.  As  wo  approach  Gurais,  these  rocks  are 
overlaid  by  blue  limestones  with  the  same  north-easterly  dip ;  the  blue  limestones 
are  followed  by  blue  and  white  limestones  in  bands,  the  whole  being  capped  by 
white  dolomites  like  those  of  Amrnath.  In  1874,  during  the  shooting-trip  pre¬ 
viously  mentioned,  I  found  at  the  base  of  these  limestones  a  larger  species  of 
Clginmia, — a  genus  characteristic  of  the  upper  devonian. 

Prom  the  conformable  position  of  this  limestone  series  on  the  top  of  the  slates, 
and  from  the  occurrence  of  the  above-mentioned  fossil,  it  seems  probable  that 
we  have  here  a  regular  ascending  rock  series,  from  the  Silurian  to  the  trias 
inclusive ;  I  cannot,  however,  put  in  any  distinct  devonian  group,  or  draw  any 
arbitrary  boundary  between  the  carboniferous  and  the  trias.  1  have  accordingly 
merely  coloured  in  the  former  rocks  as  forming  a  hand  coiresponding  to  their 
average  wddth  in  other  localities,  w-hich  I  have  made  to  die  out  towurds  the 
south-east,  where,  as  we  have  seen,  there  is  a  faulted  junction  between  the  slate 
and  the  limestone  series,  and  where  the  carboniferous  or  lower  limestones  are 
probably  wanting. 

Near  Gurais  bands  of  a  conglomerate  occur  in  the  slate  series  similar  to  the 
conglomerate  of  the  Pir  Panjal  range;  this  conglomerate  contains  pebbles  of 
gi-anite  or  syenite,  similar  to  that  of  Dras,  which  rock  must,  consequently,  be 
older  than  the  slates,  and  must  have  existed  in  its  present  condition  at  the  time  of 
the  deposition  of  the  latter.  Pebbles  of  the  same  crystalhne  rocks  occur  in  the 
bed  of  the  Biirzil  river,  which  seems  to  indicate  that  these  rocks  are  continued 
to  the  north  of  the  Tilail  watershed  into  the  higher  valley  of  the  Biirzil.  It 
also  seems  probable,  that  the.se  same  granitoid  rocks  have  a  great  extension  to 
the  east,  foiuning  the  rocks  on  the  light  bank  of  the  upper  Indus  at  L§,  where 
they  are  variously  referred  to  by  Dr.  Stoliezka  as  “  granitic  and  syenitic  rocks”  ‘ 
and  “syenitic  gueiss”  In  the  latter  districts,  they  wure  considered  by 
Dr.  Stoliezka  as  forming,  in  all  probability,  part  of  the  silurian  series  ;  there 
being  apjiarently  in  the  Le  district  no  break  betwuen  these  rocks  and  overlying 
shales  supposed  to  be  of  carboniferous  age. 

There  is,  howuver,  quite  a  possibility  of  there  being  a  hidden  unconfonnity  in 
the  Le  district,  which  would  correspond  to  the  unconformity  at  Dras,  shown  by 
the  crystalline  pebbles  in  the  slates,  and  I  would  suggest  that  it  may  pos.sibly  turn 

'  Geological  ObscrvatimiR  in  Western  Tibet,  p.  343, 

’  “  Scieiitilic  llcfcults  of  Yurkiiud  jUisuion  ” — Geology,  p.  15. 
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out  that  some  of  these  Dras  and  Le  crystallines  are  the  representatives  of  some 
of  the  crystallines  in  Sum  and  Lahul,  where  thex’e  is  a  probability  of  rocks  of  two 
ages  being  intermingled.  ^ 

The  unusually  wide  area  over  which  the  Pir  Panjal  conglomerate  (if  that 
of  Pangi  be  the  same)  extends  in  the  slate  series,  is  a  very  remarkable  circum¬ 
stance,  and  must  clearly  be  due  to  some  very  wide-spread  cause.  In  the  Pangi 
district  I  have  elsewhere  stated  that  it  seemed  to  me  to  be  extremely  probable 
that  ice  action  has  been  connected  with  its  production,  and  considering  its  wide 
distribution  in  Kashmir,  I  am  beginning  to  think  whether  we  must  not  have 
recourse  to  some  similar  tran.sporting  power  there,  though  I  have  at  present  no 
positive  proofs  to  bring  forward.  The  occurrence  of  gneiss  (or  syenite  ?)  pebbles 
in  the  conglomerate  of  the  Pir  Panjal,  which,  we  have  seen,  cannot  belong  to  the 
gneiss  of  that  district,  may  be  considered  as  tending  towards  the  hypothesis  of  ice- 
transport. 

It  now  remains  to  say  a  few  words  regarding  the  area  between  the  Sind 
valley  and  the  Tragbal  and  Gurais  road.  It  will  be  found  from  my  last  paper 
that  with  the  exception  of  the  gneiss  in  the  Sind  valley,  all  the  rocks  in  the 
valley  of  that  river  below  Gaggangan  belong  to  the  silui-ian  series ;  the  same 
rocks,  with  the  exception  of  a  few  others  of  carboniferous  lime.stone,  bound  this 
area  to  the  southward  along  the  vale  of  Kashmir ;  similar  rocks  bound  this  area 
to  the  north-west  on  the  Gurais  road,  with  the  exception  of  the  band  of  gneiss 
noticed  above  ;  on  the  north-east  the  same  rocks  underlie  the  limestone  series  of 
Tilail.  It  is  therefore  evident  that  the  area  in  question  is  occupied  by  rocks  of 
the  Panjal  series,  which  strike  right  across  it,  but  that  the  centre  of  this  area 
is  penetrated  by  a  mass  of  gneiss  running  in  from  the  north-west,  which,  however, 
does  not  reach  into  the  Sind  valley.  On  a  former  occasion  I  have  found  this 
gneiss  occurring  high  up  in  the  valley  to  the  east  of  Kralpim,  and  on  the  northern 
flanks  of  Haramuk  (Haramook).  It  seems  therefore  evident  that  this  band  of 
gneiss  dies  out  somewhere  on  the  noi-th-western  side  of  Haramuk,  and  that  the 
rest  of  the  area  consists  of  the  rocks  of  the  Pir  Panjal.  The  area  has  accordingly 
been  colored  in  on  the  map,  though  the  boundaries  of  the  gneiss  must  be  only 
regarded  as  an  approximation  to  the  truth. 

A  general  glance  at  the  map  of  the  north-eastern  side  of  Kashmir,  will, 
on  the  whole,  show  us  that  the  geological  features  of  the  country  are  very  similar 
to  those  of  the  Pir  Panjal  and  valley  of  Kashmir,  as  treated  of  in  my  last  paper. 
We  there  found  that  the  centre  of  the  Panjal  range  seemed  to  be  an  anticlinal 
axis,  flanked  on  the  outer  side  by  limestones  considered  to  be  of  carboniferous 
age,  and  followed  on  the  inner  side  by  the  synclinal  axis  of  the  vale  of  Kashmir 
containing  undoubtedly  carboniferous  rocks. 

Similarly,  on  the  Gurais  road,  we  find  an  anticlinal  axis  showing  gneiss, 
followed  by  the  synclinal  of  the  Gurais  valley,  containing  cai’boniferous  and 
triassic  strata  again  underlaid  by  silurians  to  the  noi*th-east. 

*  Bee.  Geol.  Surv.  India,  Vol.  XI,  p.  60. 
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To  the  south-east  of  Haramuk,  tliis  northern  anticlinal  is  not  so  well  marked, 
as  no  gneiss  is  shown  in  the  section ;  while  still  further  to  the  south-east,  as  at 
Palgam  in  the  Lidar  valley,  the  anticlinal  has  quite  died  out,  and  is  replaced  hy 
a  local  sjuiclinal,  in  which  there  rests  an  outlier  of  carboniferous  strata. 

The  S3rnclinal  in  the  Silurians  at  Gurais,  containing  carboniferous  and 
triassic  strata,  is  a  well  marked  featare,  extending  from  the  former  place  to 
Panjtarni  and  Dras  towards  the  south-east.  In  many  places,  however,  it 
will  ho  observed  that  the  original  relations  of  this  synclinal  have  been  disturbed 
by  faulting,  but  not  to  such  an  extent  as  to  obscure  the  general  features  of  the 
system.  To  the  north  of  this  great  synclinal  ellipse,  we  have  another  slight 
synclinal  containing  carboniferous  strata  in  the  midst  of  Silurian  rocks. 

It  will  have  been  observed  in  the  course  of  the  preceding  sections,  that 
the  slates  of  the  Zoji-la,  lying  in  a  synclinal  ellipse  of  the  triassic  limestones,  are 
not  represented  in  the  section  taken  from  Tilail  to  Sonamarg  ;  the  synclinal  being 
contracted  at  this  point.  It  is  therefore  apparent  that  these  slates  must  die  out 
gradually  between  the  Zoji-la  and  that  point;  this  has  accordingly  been  so 
represented  in  the  map,  though  the  north-western  termination  of  these  Zoji-la 
slates  is  only  approximately  represented. 

In  concluding  this  sketch,  I  wish  to  add  a  few  words  regarding  the  probable 
age  of  the  strata  overlying  the  silurian  series,  in  the  Tilail  and  Driis  districts,  and 
their  relations  to  the  great  limestone  series  of  the  valley  of  Kashmir.  I  would 
premise  that  fossils  are  of  extremely  rare  occurrence  in  this  series,  and  that 
therefore  no  precise  distinctions  as  to  the  age  of  the  different  beds  can  be  drawn, 
but  only  the  general  homotaxis  of  the  series  can  be  roughly  indicated.  I  have 
already  observed  in  my  last  paper,  that  in  the  fossihferous  strata  of  the  more 
eastern  Himalaya,  the  late  Dr.  Stoliezka  found  that  no  distinct  devonian 
or  permian  periods  could  be  determined  from  the  fossil  evidence,  but  that 
strata  containing  a  fauna  with  a  distinct  silurian  facies  were  immediately  fol¬ 
lowed  by  other  strata  containing  a  fauna  with  a  carboniferous  facies,  and  the 
latter  again  by  a  triassic  fauna.  The  absence  of  a  distinct  devonian  and 
permian  period  cannot  here  be  explained,  on  the  supposition  that  during  these 
periods  the  area  was  dry  land,  since  (unless  there  be  concealed  breaks  of  which 
we  have  no  knowledge)  there  seems  to  be  an  uninterrapted  succession  of  strata ; 
and  we  are  therefore  driven  to  conclude  that  the  strata  classed  by  Dr.  Stoliezka  as 
silurian,  carboniferous,  and  triassic,  must  be  the  representatives  of  the  whole  of 
the  European  series  from  the  silurian  to  the  txdassic  inclusive ;  and  that  the  same 
probably  holds  good  in  the  Kashmir  area. 

On  these  grounds  it  would  not  appear  surprising,  if  we  were  to  find  a  com¬ 
mingling  of  the  fossils  of  all  these  different  periods,  to  a  certain  limited  extent ; 
and  such  appears  to  bo  certainly  sometimes  the  case  in  India,  since  Dr.  Waageni 
has  described  the  occurrence  of  Ammonites  associated  with  Goniatites  in  the 
cai-boniferous  strata  of  the  Salt  Range,  clearly  showing  a  blending  of  the  carbo¬ 
niferous  and  triassic  faunas. 

*  Mem.  Geol.  Surv.  India,  Vol.  IX,  pt.  II. 
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Returning  now  to  our  Kashmir  limestones,  we  find  that  in  the  valley  of 
Kashmir  at  Eishmakam  and  near  the  Marbal  pass,  as  well  as  in  a  few  other 
places,  distinctly  carboniferous  fossils  have  been  found,  generally  low  doum  in 
the  series ;  a  few  similar  fossils  have  also  been  found  at  the  base  of  the  limestone 
series  of  the  north  of  Kashmir,  near  Shisha-Kag,  which  seems  to  correlate  the 
bases  of  the  two  local  series.  Further  to  the  westward  at  Thajwaz,  a  triassic 
Ammonite  was  found  by  Dr.  Stoliczka  somewhat  low  down  in  the  limestone 
series,  but  how  low  down  I  am  unable  to  say,  because  the  junction  between  the 
limestone  and  slate  seines  is  here  a  faulted  one.  A  little  higher  up  in  the  same 
series  I  have  myself  found  corals  and  crinoids. 

At  the  top  of  the  Gadasir  stream,  I  found  what  seems  certainly  to  be  a 
Chcetetes  in  considerable  quantity;  and  at  Sonamarg  I  found  one  large  mass  of 
a  GyatlioplujUum  or  some  closely  allied  genus.  Kow,  the  genus  Chutetes  has  been 
hitherto  known  in  the  Himalaya  from  the  Muth  series^  only,  which  is  sup¬ 
posed  to  be  the  representative  of  the  European  silurian,  while  we  now  have 
it  on  a  line  of  beds  which  have  yielded  a  triassic  Ammonite.  In  Europe  the 
genus  attained  its  maximum  in  the  carboniferous  rocks,  but  also  ranged  both 
above  and  below  that  formation. 

Cyathoipliyllum  also,  according  to  Dr.  Stoliczka,  has  hitherto  been  found  only 
in  the  Muth  series  in  the  Himalaya ;  in  Europe  this  genus  ranges  fi’om  the 
Silurian  to  the  trias. 

As  far  as  these  two  genera  go,  therefore,  it  seems  that  no  evidence  of  the  age 
of  the  rocks  in  which  they  occur  can  be  obtained.  The  discovery  of  these 
in  the  triassic  series  of  India  shows  that  they  had  a  wide  range  in  time  here 
as  in  Europe. 

Again,  near  Dras,  in  the  dolomitic  series,  which  corresponds  to  some  parts 
of  the  limestone  series  at  Thajwaz,  very  characteristic  upper  triassic  fossils  were 
found  by  Dr.  Stoliczka.® 

Turning  now  to  the  same  great  limestone  series  at  Gurais,  we  find  that  here 
we  have  an  apparently  continuous  series  from  the  Panjal  slates  through  the 
limestones ;  and  that  quite  at  the  base  of  these  limestones  a  species  of  the  genus 
Glymenia  was  found  which  is  characteristic  of  the  upper  devonian  of  Europe. 

Taking,  therefore,  the  whole  of  this  evidence,  it  is  quite  clear  that  the  base  of 
the  limestone  series  of  Kashmir  is  of  carboniferous,  and  from  the  evidence  of 
the  Glymenia  perhaps  partly  of  upper  devonian  age.  The  higher  dolomitic  bods, 
on  the  other  hand,  are  clearly  of  upper  triassic  age.  The  only  question  is 
where  to  draw  the  boundary  between  the  two  periods. 

Now,  at  Thajwaz,  where  the  Ammonite  was  found,  and  where  the  junction  is 
faulted,  the  strata  have  been  colored  in  the  map  as  of  triassic  age  ;  it  must,  how¬ 
ever,  be  said  that  an  anticlinal  occurs  here,  and  that  no  very  distinct  lithological 
comparisons  are  here  possible.  Moreover,  as  the  whole  series  is  hero  in  sequence, 

'  Stol. :  Mem.  Geol.  Surv.  ludia,  Vol.  jiart  iii,  p.  143. 

2  Mem.  Geol.  Surv.  India,  Yol.  V,  p.  349. 
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and  as  we  have  already  seen  that  Ammonites  have  been  found  elsewhere  in  India 
in  strata  containing  carboniferous  fossils,  it  is  not  improbable,  nay  rather  it  is 
very  probable,  that  there  may  here  be  a  mingling  of  fossils  of  different  periods  ; 
and  that  consequently  no  hard-and-fast  boundaries  can  be  draivn  corresponding  to 
the  limits  of  European  formations  ;  though  at  the  same  time  it  should  be  observed 
that  it  may  hereafter  be  quite  possible  to  distinguish  independent  Indian  life- 
zones  in  these  strata,  should  abundant  fossils  ever  be  discovered  in  them. 

In  the  map  Avherever  there  is  a  regular  sequence  of  strata  from  the  Panjal 
slates  to  the  upper  triassic  dolomites  of  Dras  and  Amrnath,  the  limestones  under¬ 
lying  the  latter  have  been  classed  as  carboniferous.  Along  the  faulted  line  of 
Thajwaz  the  whole  series  has  been  referred  to  the  trias  from  the  evidence  of  the 
Ammonite,  which,  as  above  said,  may  be  doubtful ;  and  there  may  therefore  be  a 
few  carboniferous  beds  at  the  base  of  the  anticlinal,  while  at  the  same  time  some 
of  the  higher  slates  may  be  of  carboniferous  age. 

Wo  may  also  observe  that  since  the  limestones  of  the  valley  of  Kashmir  itself, 
which  contain  numerous  carboniferous  fossils  at  their  base,  are  in  many  places 
thicker  than  the  carboniferous  band  in  the  limestone  series  of  the  north  of 
Ka.shmir,  it  is  more  than  probable  that  some  portions  of  the  former  are  the  repre¬ 
sentatives  of  the  triassic  scries.  At  Manasbal  ^  this  has  already  been  proved  to 
bo  the  case,  from  the  identity  in  mineral  character  of  the  white  dolomites  at  the 
top  of  the  series  in  that  place  with  the  similar  rocks  of  Dras  and  Amrnath.  In 
the  south-eastern  extremity  of  the  valley  of  Kashmir,  the  whole  of  the  limestone 
series  has  the  same  mincralogical  composition  throughout,  and  the  higher  beds 
have  hitherto  yielded  no  fossils.  We  have  therefore  no  direct  evidence  to 
connect  the  upper  beds  there  with  the  trias  of  Dras,  and  they  must  therefore 
remain  on  the  map  as  of  carboniferous  age,  until  evidence  can  be  produced  to  the 
contraiy. 

Finally,  we  must  come  to  the  conclusion  that  the  Kashmir  limestone  series 
forms  an  unbroken  sequence  of  strata,  which  must  be  the  equivalents  of  all  the 
European  strata  from  the  upper  devonian  to  the  upper  triassic  inclusive  ;  but  as, 
with  one  exception,  no  devonian  or  permian  fossils  have  been  discovered,  the 
strata  have  been  colored  on  the  map  as  carboniferous  and  triassic  only. 

From  the  distribution  of  the  limestone  series  in  Kashmir,  it  seems  pretty 
evident  that  these  strata  were  once  connected  and  extended  over  the  whole  area, 
and  have  been  brought  into  their  present  form  by  disturbance  and  denudation. 

The  strata  overlying  the  triassic  dolomites  of  the  Zoji-la  being  sandy  and 
clayey  in  composition,  were  probably  deposited  in  a  shallower  sea  than  that  in 
which  the  older  limestones  were  laid  down ;  and  since  no  newer  strata  are  known 
in  this  area,  it  is  possible  that  the  bottom  of  the  sea  was  being  upheaved  at  the 
time  of  the  deposition  of  these  slates,  and  that  the  area  has  not  subsequently  been 
submerged. 

*  Eec.  Geol.  Suvv.  India,  Vol.  XI,  p.  47. 
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The  local  occurrence  of  clayey  and  sandy  rocks  in  the  limestone  series  on  the 
horizon  of  pure  limestones  may  also  suggest  that  the  sea  in  which  these  lime¬ 
stones  were  laid  down  was  in  places  shallow,  and  near  to  land ;  the  presence  of 
coral  reefs  also  attests  either  the  presence  of  land,  of  a  shallow  sea,  or  of  a  sea 
filled  with  atolls.  Where  the  ancient  land  surfaces  were,  we  have  at  present  no 
mean  of  indicatinsr. 

O 


III. — Traces  of  old  glaciers  ix  KashmIk. 

As  there  has  been  considerable  discussion  carried  on  in  the  “  Records”  of  late 
concerning  the  supposed  glaciation  of  parts  of  the  Upper  Punjab,  I  have  thought 
it  would  not  be  out  of  place  to  state  here  any  facts  which  I  have  observed  as  to 
evidences  of  former  glaciation  in  Kashmir  and  the  neighbouring  mountains. 

I  will  first  observe  that  I  have  nowhere  observed  any  traces  of  glaciation  in 
the  valley  of  Kashmir  itself.  I  have  already  observed  in  my  last  paper,i  that  I 
cannot  agree  with  Professor  Leith  Adams^  in  considering  the  Baramiila  gi’avels  as 
affording  any  evidence  of  former  glaciation  ;  and  I  know  of  no  other  deposits  in  the 
valley  which  could  possibly  be  considered  to  be  due  to  the  same  agency.  Neither 
have  I  seen  any  traces  of  erratics,  perched  blocks,  roches  moutonnees,  or  scratched 
rock-surfaces  within  the  limits  of  the  valley.  I  may  add  that  I  think  it  almost 
certain  that  the  Baramula  gi’avels  are  much  older  than  the  old  glacial  moraines 
of  other  parts  of  Kashmir,  which  are  always  entirely  undisturbed  by  tilting. 

The  lowest  elevation  in  Kashmir  at  which  I  have  observed  glacial  phenomena 
is  in  the  Sind  valley  near  the  village  of  Kulan,  (marked  in  the  map  issued  with 
my  last  paper),  at  an  elevation  of  about  7,000  feet ;  here  I  have  seen  very 
distinct  glacial  striation.  Mr.  Drew,®  moreover,  mentions  the  occurrence  of  a 
well  grooved  rodie  nioutonnee  near  the  same  place  at  an  elevation  of  about 
6,600  feet  above  the  sea  level,  or  1,500  feet  above  the  level  of  Srinagar.  This  is 
the  lowest  spot  in  Kashmir,  where  there  seems  to  be  undoubted  evidence  of 
former  glacier  action. 

Above  this  elevation  traces  of  old  glaciers  are  extremely  numerous  in  the 
Kashmir  Himalaya ;  and  I  will  here  only  notice  one  or  two  well  marked  instances. 

At  Giilmarg,  on  the  Pir  Panjal,  many  of  the  hillocks  of  detrital  matter 
stretching  out  into  the  valley  seem  undoubtedly  from  their  shape  to  have  formed 
part  of  an  old  glacier  moraine,  though  I  have  not  succeeded  in  obtaining  any 
grooved  rocks ;  the  elevation  of  this  place  is  somewhat  short  of  8,000  feet. 

At  Sonamarg  and  Thajwaz,  in  the  upper  Sind  valley,  there  is  an  undulating 
plateau,  at  an  elevation  of  about  9,000  feet,  which  is  composed  entirely  of  detiital 
matter,  to  a  depth  in  places  of  at  least  300  feet.  This  plateau  has  been  admirably 
described  at  page  220  of  Mr.  Drew’s  above-quoted  work  on  Kashmir,  and  is  there 
clearly  shown  to  have  once  formed  an  old  glacier  moraine.  I  have  found  glacial 


‘  p.  33. 

^  Wanderings  of  a  Naturalist  in  India,  p.  171. 
*  Junmioo  and  Kaslimir  Territories,  p.  220. 


30 


Records  of  the  Oeolofcal  Survey  of  India. 


[vOL.  XII. 


scratclies  on  some  of  the  angular  blocks  of  this  moraine.  The  blocks  in  this 
moraine  consist  almost  entirely  of  the  amygdaloidal  rocks  of  the  Shalian  ridge, 
while  the  moi’aine  itself  rests  in  a  hollow  of  the  Sonamarg  limestone.  At  an 
elevation  of  about  2,000  feet  above  the  Sonamarg  plateau  three  small  glaciers  still 
nestle  in  sheltered  ravines  on  the  northern  aspect  of  the  Shalian  ridge.  Mr.  Drew 
thinks  it  probable  that  the  whole  of  the  Sind  valley  nearly  as  far  down  as 
Kangan  was  foiuncrly  occupied  by  a  glacier — a  conclusion  with  which  I  agree. 
The  hill  of  limestone  separating  the  village  of  Sonamarg  from  the  valley  of  the 
larger  Thajwaz  glacier,  represented  at  page  219  of  Mr.  Drew’s  book,  is  at  its 
lowest  point  some  500  feet  above  the  level  of  the  Sonamarg  moraine,  and  has  a 
peculiarly  rounded  appearance,  which  suggests  the  probability  of  this  hill  having 
been  once  buried  beneath  the  ice  of  the  old  glacier. 

On  the  Ladak  side  of  the  Zoji  pass,  we  find  at  Dras,  which  has  an  elevation 
of  some  10,000  feet,  two  huge  embankments  of  detrital  matter,  some  four  or  five 
miles  in  length,  extending  from  the  crystalline  ridges  of  the  north  into  the  Dras 
valley,  and  consisting  almost  entirely  of  boulders  of  the  crystalline  rocks  strewung 
the  surface  of  the  slate  rocks  of  Dras.  From  the  form  of  these  masses  of  detrital 
matter,  I  think  that  they  are  certainly  duo  to  former  glacial  action  ;  which  opinion 
is  strengthened  by  the  groat  distance  over  which  the  boulders  have  travelled, 
and  by  the  very  slight  fall  of  the  ground  on  which  they  lie, — a  fall  so  slight  that  I 
cannot  think  these  huge  blocks  could  have  possibly  been  moved  along  it  by  the 
action  of  water  alone,  especially  as  there  is  no  great  river  along  the  line  of  their 
course. 

It  now  remains  to  consider  certain  granitoid  blocks  in  the  Jhelam  valley 
below  Baramula  which  Colonel  Godwin- Austen  ^  suggests  may  have  been  brought 
into  their  present  position  by  the  aid  of  ice-action.  In  discussing  the  question  of 
the  glacial  or  non-glacial  origin  of  the  deposits  in  wdiich  these  blocks  occur,  it 
will  be  necessaiy  to  go  somewhat  into  the  history  of  the  Jhelam  valley. 

On  refen-ing  to  the  outline  map  accompanying  my  paper  on  the  Geography 
of  the  Pir  Panjal,  it  will  be  seen  that  there  are  two  masses  of  gneiss,  one  on 
either  side  of  the  valley,  above  and  below  Bampur,  but  which  do  not  extend 
down  into  the  stream  itself.  It  is  from  these  masses  of  gneiss  that  the  boulders 
in  the  river  bed  have  been  derived ;  and  it  only  remains  to  consider  the  means  by 
which  they  have  attained  their  present  position. 

The  first  of  those  masses  of  gneiss  occurs  a  little  to  the  south  of  the  town 
of  Naushara ;  this  gneiss  extends  into  the  watershed  of  the  mountain  torrents, 
which  descend  into  the  Jhelam  valley,  so  that  it  is  quite  possible  for  blocks  of  it 
to  be  carried  by  water  into  the  Jhelam.  Immediately  below  Baushara  we  come 
upon  an  alluvial  deposit  in  the  river,  which  is  chiefly  composed  of  blocks  of  this 
gneiss,  which,  as  being  harder,  remains  after  the  slate  boulders  from  the 
neighbouring  cliffs  have  been  ground  to  powder. 

At  Rampur  this  alluvial  formation  contains  gneissic  blocks,  some  of  w'hich 
are  as  much  as  15  feet  in  diameter  j  the  whole  formation  is  at  least  one  bundled 

*  free.  Geol.  Soc.,  London,  1864,  p.  383. 
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feet  in  thickness  on  the  left  bank  of  the  river.  The  included  blocks  are  all  more 
or  less  rounded  and  Avater-worn,  Avhile  the  matrix  in  AA'hich  they  arc  imbedded  is 
here  but  little  stratified.  As  we  descend  the  lUA-er,  the  blocks  of  gneiss  continue 
to  decrease  in  size,  till  wo  come  upon  the  sharp  bond  in  the  ri\-er  beloAV  Rainpur ; 
hero  a  fresh  stream  of  gneiss  blocks  has  come  doAvn  a  tributary  stream  from  the 
second  gneiss  mass  in  the  Kaj-Nag  range ;  some  of  these  blocks  haA'e  a  long 
diameter  of  upAvards  of  20  feet. 

Still  continuing  our  survey  doAvn  the  river,  we  find  the  gneiss  blocks  again 
becoming  smaller  and  smallei’,  and  half-Avay  to  Uri  the  alluvial  dojiosit  is  seen 
to  be  most  distinctly  stratified.  All  the  gneiss  boulders  haAm  their  long  axes  in¬ 
clined  up  the  stream  and  towards  the  river-bed  at  an  angle  of  about  30  ;  so  that 
one  of  the  flat  sides  of  each  boulder  is  opposed  to  the  flow  of  the  stream,  as 
we  find  to  be  the  case  in  any  deposit  of  modern  river  pebbles. 

The  summit  of  the  alluvial  formation  is  level,  forming  high-level  plateaux 
on  either  side  of  the  river.  At  Uri  we  find  a  similar  plateau,  some  200  feet  in 
thickness,  formed  of  the  red  Sirmur  rocks  of  the  neighbouring  hills  ;  the  pebbles 
in  this  deposit  are  rounded,  and  have  the  same  relative  position  in  regard  to  the 
stream  as  the  gneiss  blocks  higher  up.  A  few  small  gneiss  blocks  are  found  in  the 
Uri  deposit. 

Below  Uri  the  same  formation  runs  along  either  bank  of  the  river  with 
the  same  “  hanging  level”  often  betAveen  200  and  300  feet  in  thickness ;  a  feAV 
gneiss  pebbles  occur  in  this  deposit ;  the  other  boulders  consist  of  the  Sirmur  sand¬ 
stones,  some  of  them  of  large  size. 

A  foAv  miles  abov^e  Hatian  we  again  find  a  great  number  of  rounded  boulders 
of  porphyritic  gneiss  embedded  in  the  alluvial  formation,  some  of  which  have  a 
long  diameter  of  over  10  feet.  It  is  probable  that  these  blocks  have  come  doAvn 
across  the  Jhelam  from  the  peaks  of  the  Kaj-Nag  immediately  to  the  north, 
where  the  same  gneiss  doubtless  occurs,  though  I  do  not  know  its  correct  position. 
Small  blocks  of  this  gneiss  can  be  traced  from  Hatian  as  far  as  the  bend  of  the 
river  at  Mozaffarabad. 

It  will  be  gathered  from  the  above  observations  that  the  whole  of  the  gneiss 
blocks  in  the  Jhelam  valley  have  followed  the  course  of  tributary  mountain  streams, 
have  not  been  carried  across  intervening  ridges,  and  are  imbedded  in  an  aqueous 
formation.  Further,  there  are  not  the  slightest  traces  of  glacial  action  on  any  of 
the  hard  slate  rocks  in  the  Upper  Jhelam  valley,  which  oitght  to  have  existed,  as 
they  do  in  other  places,  had  glaciers  extended  into  the  Jhelam  valley. 

Again,  the  Jhelam  itself  is  able  to  roll  and  carry  down  the  gneiss  blocks  which 
now  lie  in  its  course,  and  a  fortiori  the  mountain  streams  with  a  fall  ten  times  as 
great  could  easily  haAm  rolled  them  down  in  flood  time  from  their  original 
position. 

A  tthe  same  time,  I  think  it  extremely  probable  that  manj’-  of  these  glacial  blocks 
Avero  carried  some  Avay  down  the  lofty  cliffs  of  the  Panjal  and  Kaj-Nag  ranges  by 
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ice,  at  a  time  when,  we  know  that  the  glaciation  of  the  Himalayas  was  much 
greater  than  at  present. 

My  only  point  is,  that  I  can  see  no  evidence  of  glaciei’s  having  ever  extended 
down  to  the  level  of  the  Jhelam ;  and  that  the  gneiss  blocks  could  have  perfectly 
well  attained  their  present  position  by  debacle  action. 

It  will  be  gathered  from  the  above  observations  that  the  Jhelam  is  now  a 
denuding  and  not  a  depositing  river,  as  it  was  when  these  alluvial  formations 
were  laid  down ;  from  which  we  may  probably  infer  that  great  changes  of  level 
have  taken  place  since  the  jjeidod  of  those  deposits,  which  may  have  afforded 
greater  facilities  at  certain  times  for  the  movements  of  the  blocks. 

In  conclusion,  we  may  state  that  on  the  mountains  of  the  north  side  of 
Kashmir  we  have  distinct  evidence  of  a  former  glaciation  at  an  elevation  of  some 
6,500  feet  above  the  sea-level,  while  on  the  south  side  we  know  of  none  below 
8,000  feet.  In  the  vale  of  Kashmir  itself,  and  in  the  lower  Jhelam  valley,  we  at 
present  have  no  distinct  evidences  of  glaciation. 

As  far,  therefore,  as  this  negative  evidence  goes,  it  tends  to  disprove  any 
former  glaciation  of  the  outer  hills  and  Upper  Punjab,  because,  if  there  had  been 
any  glaciation  of  the  latter,  there  would  most  assuredly  have  been  a  far  greater 
glaciation  of  the  valley  of  Kashmir  and  the  neighbouring  hills,  since  even  at 
equal  elevations  the  present  glaciation  of  the  Himalaya  increases  as  we  pass 
towards  its  central  axis. 


COEEECTIONS  TO  MaP. 

Ror  “  Panjtaria,”  read  “  Panjtami.” 
For  “  Sonamaro,”  read  “  Sonamarg.” 

Index. 

For  “  Kareewahs,”  read  “  Karewahs.” 
For  “  Zogi-la,”  read  “  Zoji-la.” 
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Further  Notices  op  Siwalik  Mammalia  hy  R.  Lydekker,  B.  A.,  Geological 

Survey  of  India. 

[With  a  Plate.] 

Since  my  last  notice  of  Siwalik  Mammalia,^  another  collection  has  been 
received  from  Mr.  Theobald,  and  a  few  interesting  teeth  have  been  obtained 
throngh  Mr.  Blanford  from  Sind.  Many  of  Mr.  Theobald’s  specimens  have 
added  considerably  to  our  knowledge  of  the  dentition  and  osteology'  of  previously 
known  species.  On  the  present  occasion  I  shall  only  very'  briefly  notice  the  most 
interesting  of  the  majority  of  the  new  specimens,  reserving  their  fuller  descrip¬ 
tion  for  a  future  occasion,  when  I  shall  have  an  opportunity  of  giving  figures  of 
them.  One  specimen,  howevci- — the  jaw  of  a  large  monkey — is  of  so  interesting 
a  nature,  that  I  have  given  a  figure  of  it  here,  as  it  would  otherwise  have  been  long 
before  I  should  have  been  enabled  to  do  so.  On  the  same  plate  1  have  likewise  had 
drawn  the  molars  of  the  Macaens  and  the  Wikoniys  described  in  my  last  notice. 

Among  the  rarer  specimens  is  the  greater  portion  of  one  side  of  the  lower 
jaw  of  AtUhracoUtcriuni  puiijalie'iise,  showing  the  three  true  molars. 

PRIMATES. 

Palieowthecus  sivalel’sis,  n.  gen.  nobis. 

The  most  interesting  specimen  in  the  whole  of  Mr.  Theobald’s  Siwalik  col¬ 
lection  is  the  fragmentary  palate  of  a  large  anthropoid  ape,  represented  in  figures 
1  and  6  of  the  accompanying  plate.  This  specimen  is  of  the  highest  intere.st, 
because,  with  the  exception  of  a  single  canine  tooth  obtained  years  ago  by  Dr. 
Falconer  from  the  Siwaliks,  it  is  the  only  specimen  which  affords  us  any  evidence 
of  the  former  existence  of  anthropoid  apes  in  India,  or  indeed,  if  we  except 
Dryopitheous  and  the  smaller  genera,  in  the  whole  world. 

The  specimen  was  obtained  by  Mr.  Theobald  from  the  Siwaliks  of  tho 
Punjab,  somewhere  near  the  village  of  Jabi,  though  I  do  not  know  tho  iirecise 
locality ;  it  was  oiiginally  in  three  fragments,  but  two  of  them  have  been  united  ; 
and  as  the  fractures  are  ipiite  recent,  I  presume  that  the  specimen  was  broken  uji 
by  the  natives  in  extracting  it  from  its  matrix.  Tho  portion  that  remains  shows 
the  greater  part  of  the  right  maxilla,  broken  near  the  centre  of  the  palate,  and 
superiorly  at  the  zygomatic  root;  the  second  fragment  is  a  portion  of  the 
left  maxilla ;  in  the  figure  the  two  fragments  have  been  placed  in  their  relative 
position  in  the  proportions  of  the  palate  of  the  living  Orang. 

The  fragment  of  the  left  maxilla  contains  the  complete  penultimate,  and  tho 
bases  of  the  first  and  last  molars.  The  right  maxilla  exhibits  the  entire  dental 
series,  from  tho  outer  incisor  to  the  last  molar  ;  the  o-own  of  the  incisor,  of  the 
penultimate  premolar,  and  the  summit  of  the  canine  have  been  broken  off ;  the 
penultimate  molar  has  the  centre  of  its  crown  somewhat  decayed.  The  premo¬ 
lars  arc  two  in  number,  which  shows  that  the  specimen  belong.?  to  the  Caturhino 
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section  of  the  Primates  ;  all  tlie  teeth  are  well  worn,  which  shows  the  animal  to 
have  been  adult  at  the  time  of  its  death. 

The  molars  and  canine  are  arranged  in  a  straight  line,  and  there  is  a  small 
diastema  between  the  canine  and  the  outer  incisor ;  each  tooth  of  the  molar  series 
is  inserted  by  four  fangs.  In  the  true  molars,  the  last  is  the  smallest  of  the 
three  ;  each  tooth  carries  four  cusjds  on  the  masticating  surface,  which  form  an 
irregular  quadrangle,  arranged  obliquely  to  the  long  axis  of  the  tooth ;  thus,  in 
relation  to  a  line  drawn  transversely  across  the  palate,  in  front  of  any  one  molar, 
we  find  the  antero-extemal  cusp  placed  first,  then  the  antero-intemal  cusp,  then 
the  postero-external,  and  lastly,  the  postero-intemal ;  an  imperfect  ridge  connects 
the  two  internal  cusps.  The  crowns  of  the  molars  are  square  or  oblong,  with 
their  angles  rounded  off.  The  one  remaining  premolar  carries  two  cusps  on  its 
masticating  surface  :  both  this  and  the  penultimate  premolar  are  remarkable  for 
the  shortness  of  their  antero-posterior  diameter  in  relation  to  the  transverse. 
The  canine  is  a  short  and  blunt  conical  tooth,  with  the  outer  side  of  the  crown 
rounded,  and  the  inner  side  bevelled  away  obliquely  from  base  to  summit ;  no 
portion  of  the  tooth  which  remains  has  been  at  all  affected  by  wear.  The  fang 
of  the  incisor  is  small  and  laterally  compressed. 

The  profile  view  of  the  specimen  (fig.  1)  show's  the  fangs  of  the  molars 
and  the  root  of  the  zygoma  which  arises  above  the  interval  betw'een  the  first 
and  second  true  molars  ;  in  front  of  the  zygoma  there  is  a  channelled  hollowing 
of  the  jaw,  in  front  of  which  the  fang  of  the  canine  bends  round  in  an  arch. 

Prom  the  shortness  and  bluntness  of  the  canine  it  is  inferred  that  the  jaw 
belonged  to  a  female  individual. 

With  this  description,  we  may  proceed  to  compare  the  now  jaw  with  the  jaws 
of  other  Primates.  First,  we  shall  have  no  difficulty  in  saying  that  our  specimen 
does  not  belong  to  either  of  the  genera  Semnopitheous,  Macacus,  or  Gercojjitliecus 
and  their  allies,  because  in  those  genera  the  cusps  on  the  molars  are  much 
higher  and  sharper,  and  are  arranged  in  pairs  directly  transverse  to  the  long  axis 
of  the  tooth ;  in  addition,  the  last  molar  in  those  genera  is  always  as  large,  or 
larger,  than  the  first,  and  the  angles  of  the  molars  are  square. 

In  Oynocephahts  and  its  allies  the  teeth  have  much  the  same  general  charac- 
tcra  as  in  the  last  group,  and  the  last  molar  is  much  larger  than  the  first. 

As  we  have  already  seen,  the  Siwalik  jaw  cannot  belong  to  the  Platyrhine 
monkeys,  and  there  only  r-emains,  therefore,  the  group  of  the  Simice,  or  the 
anthropoid  apes  and  man  to  which  it  can  belong.  How,  in  all  the  anthropoid 
apes  and  in  man  the  molars  are  exactly  of  the  pattern  of  those  of  our  specimen, 
and  there  can  be  no  doubt  but  that  the  latter  belongs  to  this  group.  The  molars, 
how'ever,  of  these  apes  and  of  man  are  so  much  alike,  that  it  is,  I  believe, 
frequently  quite  impossible  to  distinguish  isolated  molars,  and  we  can  only 
therefore  arrive  at  specific  or  genei’ic  distinctions  by  a  comparison  of  the  whole 
dental  series. 

Commencing  with  the  lowest  of  the  anthro23oid  apes — Ilylohutes — we  find 
that  the  general  structure  of  the  molars  of  that  genus  is  much  the  same  as  in  the 
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Siwalik  jaw :  the  premolars  are,  however,  much  squaror,  the  canine  relatively 
longer  and  sharper,  and  grooved  and  concave  internally  ;  further,  the  face  in  the 
Siamang  is  shorter,  the  hollow  in  front  of  the  zygoma  less  deeply  channelled,  and 
the  canine  more  approximated  to  the  zygoma.,  and  its  alveolus  much  less  arched 
than  in  the  Siwalik  jaw.  Finally,  as  a  character  of  less  importance,  all  the 
species  of  Hylobates  are  of  much  smaller  dimensions  than  the  animal  to  which 
the  fossil  jaw  belonged. 

There  now  remain  only  the  Oi’ang,  Chimpanzee,  and  Gorilla  among  the  living 
anthropoid  apes,  with  which  to  compare  our  specimen.  For  this  comparison  I 
have  drawn  up  the  following  tables  of  the  dimensions  of  the  upper  teeth  in  these 
animals,  and  in  man  and  Hylobates,  which  it  may  be  well  to  study  before  pro¬ 
ceeding  fui'ther. 

Table  showing  dimensions  of  upper  teeth  in  the  higher  Primates. 


Siwalik  jaw  9 

Simla  satyrus  Q 

0 

10 

a 

-& 

«s 

to 

s 

Troglodytes 
gorilla  5 

Troglodytes 
niger  5 

Human  5  Euro¬ 

pean. 

fi 

“  O 
ci  to 
-Q  S3 

Antero-posterior  diameter  of  outer  incisor  ... 

0-30 

0-30 

0-33 

0-30 

0-30 

0-25 

013 

Transverse  ditto  of  ditto  ditto 

0-19 

0-23 

0-25 

0-25 

0-26 

0-18 

0'18 

Antero-posterior  diameter  of  canine 

0-53 

0-46 

0-68 

0-80 

0'62 

0-34 

036 

Transverse  of  ditto 

0-51 

0-38 

0'59 

0  60 

0-45 

0-22 

0-27 

Length  of  molar  series,’  ... 

1-87 

1-94 

2'13 

2-70 

1-80 

1-56 

1-21 

Ditto  of  premolars 

0-58 

070 

0-74 

090 

0-61 

0-50 

043 

Ditto  of  true  molars  ... 

1-31 

1-26 

0-48 

1-80 

1-20 

1-05 

0-80 

Ditto  of  penultimate  premolar  ... 

0-30 

0-35 

0-39 

045 

0-31 

0’25 

0-25 

Width  of  ditto  ditto 

0-50 

0-49 

0-50 

0-64 

0'42 

0-39 

0-25 

Length  of  last  ditto  ditto 

0-30 

0-35 

0-39 

0-48 

0-32 

0-25 

025 

Width  of  ditto  ditto 

0-35 

0’49 

0-50 

0'60 

0-44 

0-39 

0'24 

Length  of  1st  molar 

0’45 

0-43 

0-50 

0-55 

0‘45 

0  36 

0-28 

Width  of  ditto 

051 

0-45 

0-53 

0-60 

0-49 

0-43 

0'30 

Length  of  2nd  molar 

0-50 

0-42 

0-49 

0-63 

0-43 

0-38 

0-30 

Width  of  ditto 

0-51 

0-48 

0-53 

0'60 

0-49 

0’43 

0-31 

Length  of  3rd  molar 

0'41 

0-42 

0-49 

0-60 

0-35 

0-35 

0-28 

Width  of  ditto 

0-4G 

0-48 

053 

0'60 

0-48 

0‘41 

0-30 
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Table  sliotcing  relative  lengths  of  first  tq)per  true  molar  and  last  preinolar  in  the  higher 

1‘rimaies. 


i 

1 

Length  of  1st  : 

molar. 

Length  of  last 

premolar. 

! 

!  i 

Difference  between 

I  these  lengths. 

Pioportionate  ' 

length  of  P.  M.,  i 

4  on  scale  of 

Siwalik  jaw. 

Excess  of  real 

over  proportion¬ 

ate  length. 

Siwiilik  jaw 

... 

0-45 

0-30 

0-15 

0-30 

0-00 

Human  S 

... 

... 

0-36 

0-25 

0-11 

0-24 

0-01 

Troglodytes  niger  S 

... 

0'45 

0-32 

0-13 

0-30 

002 

Simla  satyrus  $  ... 

... 

0-50 

0-39 

013 

0-33 

O-OG 

Ditto  $  ... 

0-43 

0-35 

0-07 

0  23 

0-07 

Hylobates  syndiictylus 

•  •« 

... 

0-28 

0-25 

0-03 

0T8 

0-07 

Troglodytes  gorilla 

... 

... 

0-55 

0-48 

0-07 

0-36 

012 

Tlie  first  of  tliese  two  tables  exhibits  merely  the  absolute  dimensions  of  the 
different  teeth  ;  while  the  second  is  intended  to  show  the  relative  lengths  of  the 
first  molar  and  the  last  premolar  in  the  same  gi-onp.  In  the  fourth  column  of 
that  table  is  given  what  w'ould  be  the  length  of  the  last  premolar,  if  that  tooth 
bore  the  same  relationship  as  regards  length  to  the  first  true  molar,  which  it  does 
in  the  Siwalik  jaw.  From  that  table  it  will  bo  seen  that  the  new  jaw  is  distin. 
guished  from  the  jaws  of  all  other  Primates  by  the  relative  smallness  of  the 
antero-posterior  diameter  of  the  last  promolar ;  this  shortness  is  in  excess  of  what 
occurs  in  man,  in  which  the  same  premolar  is  relatively  shorter  than  in  all  the 
other  higher  Primates  ;  next  to  man  in  this  respect  comes  the  chimpanzee,  then 
the  orang,  and  last  of  all  the  gorilla ;  and  it  is  worthy  of  notice  that  the  two 
species  which  (excepting  man)  exhibit  the  greatest  variety  in  this  respect  are 
placed  in  the  same  genus.  Professor  Owen,  at  page  446  of  his  “  Odontography,” 
notices  the  small  antero-posterior  diameter  of  the  premolars  in  the  chimpanzee, 
as  distinguishing  it  from  the  orang,  and  approximating  it  to  man.  The  new 
Siwnlik  jaw,  as  we  have  seen,  stands  on  the  opposite  side  of  man  to  the  chimpanzee 
in  this  respect,  and  therefore  should  be  still  more  removed  from  the  orang.  The 
new  jaw  agrees  wdth  that  of  the  orang,  gorilla,  and  chimpanzee,  in  having  the 
molar  series  approximately  straight,  and  with  no  indications  of  the  horse-shoe 
form  which  occurs  in  the  human  subject ;  it  therefore  belongs  to  a  true  ape. 

Turning  our  attention  once  again  to  the  first  of  the  two  tables  of  measure¬ 
ments,  we  may  note  in  what  other  respects  the  fossil  jaw  resembles  or  differs 
from  the  jatvs  of  the  orang,  the  chimpanzee,  the  gorilla,  and  man.  In  regard  to 
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tLe  relative  lerigtli  of  the  last  molar,  we  find  that  the  fossil  agrees  most  closely 
with  the  chimpanzee  and  man,  in  both  of  which  this  tooth  is  much  shorter  than 
either  of  the  other  true  molars.  In  the  orang  there  is  a  very  slight  difference 
between  the  lengths  of  the  first  and  the  third  true  molars  ;  in  the  gorilla,  on  the 
other  hand,  the  last  molar  is  much  larger  than  the  first.  This  difference  in  the 
relative  lengths  of  the  first  and  last  molars  in  the  gorilla,  and  the  Siwalik  jaw, 
together  with  the  difference  which  we  have  already  seen  to  obtain  between  the 
last  premolars  of  the  same,  renders  it  evident  that  there  is  no  great  affinity 
between  these  two,  and  makes  it  unnecessary  to  carry  our  comparisons  any  further 
in  this  direction. 

Comparing  the  dimensions  of  the  molars  of  the  fossil  jaw  with  those  of  the 
female  orang,  we'  find  that  the  true  molars  of  the  former  are  larger  than  those 
of  the  latter,  and  that  the  united  length  of  the  true  molars  is  also  greater.  When, 
however,  we  bike  the  whole  molar  series,  we  find  that  the  five  teeth  of  the  female 
orang  have  an  absolutely  greater  united  length  than  the  same  five  teeth  in  the 
Siwalik  jaw,  this  being  of  course  due  to  the  small  size  of  the  premolars  in  the 
latter.  In  the  chimpanzee,  the  length  of  the  united  molar  series  is  less  than  in 
the  Siwalik  jaw,  but  the  united  length  of  the  two  premolars  is  greater,  while  the 
length  of  the  three  true  molars  is  less :  the  projiortions  in  the  human  jaw  arc  in 
this  respect  nearest  to  the  fossil. 

Again,  in  the  width  (transverse  diameter)  of  the  base  of  the  outer  incisor,  the 
fossil  jaw  is  closer  to  man  than  to  any  of  the  large  apes.  In  man  there  is  no 
diastema  between  the  canine  and  the  incisor;  in  the  orang  this  diastema  is 
larger  than  in  the  chimpanzee,  which  in  this  respect  approaches  man.  In  the 
fossil  jaw  this  diastema  is  very  slightly  larger  than  in  the  orang. 

The  dimensions  of  the  base  of  the  canine  are  considerably  stouter  in  the 
fossil  jaw  than  in  either  the  female  orang  or  the  male  chimpanzee,  and  approach 
those  of  the  male  orang  and  gorilla ;  though  the  shortness  of  the  crown  proves, 
as  we  said,  that  our  specimen  belongs  to  a  female.  In  the  female  orang  there  is 
a  disk  of  wear  on  the  posterior  border  of  the  canine,  which  does  not  occur  in  the 
fossil  specimen. 

The  following  summary  exhibits  the  points  of  resemblance  and  difference 
between  the  fossil  jaw  and  the  jaws  of  man,  the  hhimpanzee,  and  the  orang, 
which  are  the  only  three  species  which  are  closely  related  to  it : — 

Man. 

Resemblances. —  Shortness  of  premolars;  small  size  of  last  molar  ami  of  incisor. 

Differences.— line  of  teeth ;  large  canine  and  diastema. 

Chimpanzee. 

Resemblances. — Straight  line  of  teeth  ;  shortness  of  premolars  in  a  less  degree ;  small  size  of 
last  molar;  large  canine  and  diastema. 

Diff'e/’ences.—SmaW  incisor. 
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Oeans. 

Resemblances. — Straight  line  of  teeth  ;  large  canine  and  diastema. 

Shortness  of  preinolars ;  small  size  of  last  molar;  difference  in  wear  of  canine; 

small  incisor. 

It  thus  seems  to  he  apparent  that  the  fossil  jaw  has  most  points  of  resem¬ 
blance  -with  the  chimpanzee,  and  that  when  it  differs  from  that  species  it  has  an 
ultra-human  character.  It  now  remains  to  consider  to  what  fossil  form  the  jaw 
presents  any  points  of  affinity,  and  we  will  first  direct  our  attention  to  the  Siwalik 
Primates. 

As  regards  size  alone,  the  only  one  of  the  jaws  of  Siwalik  Primates  repre¬ 
sented  in  Plate  XXIV  of  the  first  volume  of  the  “  Paleeontological  Memoirs” 
which  could  possibly  have  any  affinity  to  our  specimen,  is  that  of  Semnopithecus 
subhimalayanus  (figs.  1  and  2)  ;  the  teeth  of  that  jaw,  however,  and  of  all  the 
specimens  on  the  same  plate,  are  of  the  semnopithecine  type,  and  have  therefore 
no  affinity  to  our  fossil.  The  same  remark  of  course  applies  to  the  teeth  of 
Macacus  represented  in  figs.  3  and  4  of  the  plate  accompanying  this  paper. 

One  other  tooth  of  a  quadrumanous  animal  from  the  Siwaliks  is,  however, 
described  and  figured  by  Falconer  on  page  304  of  the  first  volume  of  the  “  Palse- 
ontological  Memoirs this  specimen  consists  of  the  crown  of  the  upper  canine  of 
a  large  ape  allied  to  the  orang;  the  specimen  evidently  belonged  to  a  male 
individual,  and  is  somewhat  larger  than  the  canine  of  the  male  orang.  Our 
fossil  jaw,  which,  as  we  have  ah'eady  seen,  belonged  to  a  female,  has  teeth  some¬ 
what  larger  than  those  of  the  female  orang ;  there  is  therefore  every  probability 
that  Falconer’s  canine  and  our  new  jaw  belonged  to  the  same  species. 

Turning,  now,  to  the  fossil  quadrumanous  animals  of  Europe,  the  only  three 
genera  with  which  I  am  acquainted  which  are  likely  to  have  any  affinity  to  our 
specimens  are  Mesopithecus,  Pliopitliecus,  and  Pryopitheaus. 

MesopitJiecus,  from  the  Pikermi  beds,^  is  of  small  size,  and  is  regarded  as  being 
intermediate  between  Hylohates  and  Semnopithecus ;  the  teeth  are,  however,  dis¬ 
tinctly  of  the  semnopithecine  type,  and  consequently  quite  different  from  those  of 
our  fossil. 

Pliopithecns,^  from  the  Miocene  of  Prance  and  Switzerland,  is  also  of  small 
size,  and  resembles  Hylohates  so  closely,  that  it  is  referred  by  Professor  Rutimeyer 
to  that  genus. 

Pryopithecus,^  from  the  Miocene  of  France,  is  an  ape  of  larger  size,  which  is, 

I  believe,  only  known  from  the  lower  jaw  and  some  limb-bones,  and  which  from 
the  small  size  of  the  canine  and  diastema  is  regarded  as  having  an  affinity  to 

1  “  Animaux  fossiles  et  Geologie  do  I’Attique,”  Gaudry,  PI.  I. 

2  Lartet :  “  Comptos  Kendus,”  Vol.  3,  p.  222,  and  plate.  Heer  :  “  Primieval  World  of  Switzer¬ 
land,”  Vol.  II,  p.  82,  PI.  XI. 

®  Lartet :  sup  cit.  Owen,  ”  Paleontology,”  p.  383. 
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man.  The  antero-posterior  extent  of  the  second  premolar,  according  to  Professor 
Owen,  is,  however,  greater  than  in  the  chimpanzee,  and  therefore  still  greater 
than  in  the  Siwalik  fossil;  the  latter,  however,  agrees  with  Dryopithecus  in 
having  naiTOw  incisors. 

Reviewing  the  whole  of  the  foregoing  facts,  it  does  not  appear  that  our  fossil 
jaw  agrees  precisely  with  the  jaw  of  any  known  living  or  fossil  anthropoid  ape, 
though  it  seems  to  make  the  nearest  approach  to  that  of  the  chimpanzee,  and 
also  shows  some  points  of  affinity  with  the  jaws  of  man,  Bryopithecus,  and  the 
orangs.  The  resemblance  between  the  Siwalik  jaw  and  that  of  the  chimpanzee 
does  not,  however,  appear  to  me  to  he  so  close  as  to  warrant  our  classing  the  two 
under  the  same  genus,  because,  with  the  very  marked  difference  which  occurs  in 
the  relative  dimensions  of  the  last  premolars  in  the  two  jaws,  there  is  every  pro¬ 
bability  that  equally  well  marked  differences  existed  between  the  crania  of  the 
two  animals.  It  must,  however,  be  again  borne  in  mind  that  the  chimpanzee 
and  the  gorilla,  which  present  such  difference  in  the  form  of  this  tooth,  are  classed 
in  the  same  genus. 

Since  I  do  not  think  that  we  are  justified  in  referring  the  Siwalik  jaw  to  any 
known  genus,  I  propose  to  form  for  it  the  new  generic  name  ‘  Palceopithecus,’ 
with  the  specific  affix  of  ‘  sivalensis.’ 

I  can  only  hope  that  on  some  future  occasion  we  may  be  fortunate  enough  to 
come  across  the  cranium  of  this  most  interesting  relic  of  the  past,  when  we  shall 
be  able  with  some  approach  to  certainty  to  assign  to  it  its  exact  affinities  which 
with  our  present  meagre  specimens  we  can  only  vaguely  guess  at.  We  can  only 
say  that  there  lived  in  the  Siwalik  period  of  India,  a  huge  anthropoid  ape 
intermediate  in  size  between  the  orang  and  the  gorilla,,  the  males  and  females 
of  which  were  provided  with  canines  exceeding  in  size  the  other  teeth,  and  that 
those  of  the  former  bore  about  the  same  proportion  to  those  of  the  latter  as  we 
find  prevailing  in  the  living  anthropoid  apes.  Further,  in  the  form  of  its  teeth, 
this  ape  was  nearest  to  the  chimpanzee ;  but  in  the  points  in  which  it  differed 
from  that  species,  it  shows  great  resemblances  to  the  teeth  of  man. 

I  wdll  conclude  this  notice  with  a  few  general  considerations  regarding  the 
pa.st  and  present  distribution  of  the  anthropoid  apes.  If  this  distribution  in  time 
and  .space  be  tabulated,  as  is  done  in  the  accompanjdng  note,^  it  will,  I  think,- be 
apparent  that  such  living  and  fossil  anthropoid  apes  as  we  are  now  acquainted  with 
are  merely  a  few  from  a  large  number  of  species  which  once  existed  on  the  earth. 
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Further,  it  seems  hardly  to  admit  of  doubt  that  three  such  closely  allied  genera  as 
Troglodytes,  Palceoplthecus,  and  Simia  must  have  had  a  common  parentage  and  a 
common  ancestral  home.  For  three  tropical  or  .sub-tropical  genera  inhabiting 
respectively  Western  Africa,  Northern  India,  and  Sumatra  and  Borneo,  the  un¬ 
known  common  home  may  have  possibly  been  situated  in  the  Indian  Ocean,  being 
in  fact  the  hypothetical  sunken  southern  continent,  whether  it  be  called  ‘  Lemuria,’ 
‘  Indo- Oceania,’  or  whatnot,  to  the  former  existence  of  which  so  many  separate  lines 
of  evidence  point.  This  vanished  land  was  probably  once  the  common  home  of  the 
African  and  Indian  ostriche.s,l  which  must  have  had  a  common  centre  of  dis¬ 
persion.  Here  also  we  may  possibly  look  for  the  old  home  of  the  ilanis  of  Siwalik 
and  modern  India,  and  of  modern  Africa. 

If  this  hypothetical  sunken  southern  continent^  was  the  centre  of  disjiersion  of 
the  anthropoid  Primates,  it  is  not  improbable,  nay  rather  it  is  almost  certain,  that 
numbers  of  species  and  genera  must  have  lived  and  died,  and  linally  become  extinct, 
on  that  continent,  and  that  only  some  of  their  descendants  reached  the  borders  of 
that  continent — in  other  words,  Africa,  India,  and  Borneo.  If  this  be  so,  it  is 
jirobable  that  all  records  of  some  anthropoid  Primates  have  long  since,  and  for  ever, 
been  entirely  removed  from  human  cognizance,  while  it  is  possible  that  among 
these  may  have  been  forms  nearer  to  man  than  any  of  those  of  which  ive  have  any 
records.  On  this  8up])osition  it  is  possible  that  wo  may  never  discover  the 
“missing  link.s.’’  On  the  other  hand,  we  have  in  the  tropical  countries  which 
border  the  Indian  Seas  the  ]n’obnble  2)eriphory  of  this  sunken  continent,  and  it 
is  among  the  unexplored  tertiaries  of  these  countries  that  wo  may  yet  hope  to 
find  fos.sil  forms  of  Trimates,  Avhich  may  tend  to  bridge  the  great  gulf  which 
now  exists  between  the  highe.st  known  ape  and  man.  Of  these  countries,  the 
geology  of  Africa  and  Sumatra  and  Borneo  is  virtually  unknoivn.  In  India  only 
a  few  scattered  localities  have  hitherto  yielded  mammalian  remains,  and  remains 
of  Primates  are  of  extremely  rare  occurrence  in  them.  Thus,  in  the  much- 
ivorked  Siwaliks  W'e  only  know  of  two  specimens  of  the  remains  of  anthroj)oid 
apes,  which  ha.ve  been  discovered  at  an  interval  of  many  year.s  apart,  among 
thousands  of  specimens  obtained.  There  is,  therefore,  no  reason  to  assume  that 
other  forms  of  anthropoid  apes  did  not  exist  in  that  period.  In  Central  and 
Southern  India,  with  the  exception  of  the  little  known  Perim  bods,  we  have  no 
equivalents  of  the  Siwaliks  ;  and  there  is  here  therefore  abundant  room  for  older 
Primates  to  have  existed  without  our  having  the  least  knowledge  of  them. 

In  the  newer  Nerbudda  gi’oup  scarcely  any  small  fos.sils  have  been  col¬ 
lected  ;  and  yet  there  is  an  absolute  certainty  that  many  forms  of  Primates 

1  Stbutiiio  ASIaticus,  M. -Edwards,  “  OUeaux  Fossilcs  de  la  Franco,”  A^ol.  11,  p.  687,  and 
article  in  present  number. 

2  Mr.  Wallace  (“  Tropical  Niiture,  ”  p.  320)  1ms  come  to  the  conclusion  tliat  “  Lemuria”  never 
existed,  or  that  it  at  all  events  must  have  di.sappcared  before  the  miocenc.  There  appears  to  me, 
however,  to  be  a  preat  weight  of  evidence  in  favor  of  a  former  hand  connection  between  the 
conlinents  of  the  old  world,  though  this  connection  mav  very  possibly  have  disappeared  in  com¬ 
paratively  early  Tertiary  times. 
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must  have  existed  at  that  time,  many  of  which  were  probably  distinct  from 
living  species. 

Our  knowledge,  therefore,  of  the  tertiary  faunas  of  the  Tropics  and  * 

Suh-Tropics  is  really  extremely  slight ;  and  until  this  slight  knowledge  has  teen 
amplified  by  the  fullest  explanation  of  every  tertiary  rock  stratum  in  Africa, 

India,  and  Malaya,  no  one  is  entitled  to  assert  that  man  and  the  anthropoid 
apes  had  no  common  ancestor,  because  no  such  ancestor  has  hitherto  been 
discovered ;  and  even  if  such  exploi’ation  were  made  without  results,  there  remains 
the  hypothetical  sunken  southern  continent,  with  the  disappearance  of  which  may 
also  have  disappeared  the  “missing  links. ’ 

Finally,  one  other  lesson  is  to  be  learnt  from  the  Siwalik  ape.  We  know  i 

that  the  living  anthropoid  apes  dwell  only  in  the  deepest  gloom  and  solitude  of 
primeval  forests,  where  vegetation  grows  luxuriously,  and  offers  a  constant  supply 
of  fruits  throughout  the  year.  From  this  we  may  probably  infer  that  the 
Siwalik  ape  inhabited  a  similar  forest-clad  country,  and  that,  consequently,  the 
present  Siwalik  area  of  the  Punjab  was  in  parts  at  all  events  clothed  with  foi’ests  in 
which  dwelt  the  Palwoyithecus,  instead  of  being,  as  now,  a  sun-scorched  and  some¬ 
what  desolate  region.  Evidence  of  the  former  existence  of  the.se  forests  is,  as  I 
have  previously  remarked,^  afforded  us  by  the  occurrence  of  numbers  of  fossil 
tree-stems  in  various  parts  of  the  Siwaliks. 

ilACACCS  SIVALEKSIS,  noMs. 

In  figs.  2  and  4  of  the  accompanying  plate  are  represented  the  two  frag-  ; 

mentary  upper  jaws  of  Macacos  sivalensis,  which  were  described  by  me  on  page  66 
of  the  last  volume  of  the  “Records,”  and  which,  therefore,  need  no  further 
notice  on  the  present  occasion. 

RODBISTTIA. 

Rhizomys  sivalensis,  nohis. 

The  specimen  drawn  in  fig.  3  of  the  same  plate  is  a  fragment  of  the  left  ' 

ramus  of  the  mandible  of  the  Bhizomys  described  by  me  at  page  100  of  the  last  ' 

volume  of  the  “Records,”  and  which  I  then  'considered  to  belong  in  all  proba¬ 
bility  to  a  new  species.  The  first  molar  has  been  broken  away  in  the  specimen 
but  the  second  and  third  molars  are  in  excellent  preservation ;  the  greater  '■ 

part  of  the  incisor  is  seen  on  tlie  inferior  border. 

PROBOSCIDIA.  « 

Dinotherium  indicum,  Falc. 

A  detached  first  lower  true  molar  of  a  Minotliermm  has  been  obtained  i 

through  Mr.  Blanford  from  the  Laki  Hills  of  Sind,  which  is  larger  than  and  of 
different  shape  from  the  corresponding  tooth  in  the  lower  jaw  of  Dinotherium  ; 

’  See  an  article  on  this  sub;icct  in  the  Quarterly  Journal  of  Science  for  October  1878.  ? 

’  Jlec.  Geol.  Surv.  India,  Vol.  IX,  ji.  lOO. 
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yientapotamicB  from  Sind,  noticed  at  page  75  of  the  last  volume  of  the  “  Records  ”, 
and  which  agrees  so  exactly,  as  regards  dimensions,  with  the  base  of  the  corre¬ 
sponding  tooth  in  the  lower  jaw  of  D.  mdicivm  from  Perim  Island  represented  in 
fig.  6  of  plate  35  of  the  “  Fauna  Antiqua  Sivalensis,”  that  I  have  considered 
it  to  belong  to  that  species. 

The  tooth  is  considerably  worn,  and  carries  three  equal  sized  transverse 
ridges,  which  show  no  sign  of  a  median  longitudinal  division,  which,  with  the 
bluntness  of  the  i-idges,  shows  that  the  tooth  did  not  belong  to  a  Trilopliodoni 
Mastodon.  The  tooth  is  relatively  narrow  in  proportion  to  its  length,  which 
shows  that  it  belongs  to  the  lower  jaw,  while  the  greater  elevation  of  the  inner 
side  of  the  ridges  shows  that  it  belonged  to  the  left  side.  On  the  outer  and 
posterior  sides  of  the  tooth  there  is  a  large  thick  cingulum. 

I  have  given  below  the  dimensions  of  this  tooth,  together  with  those  of  the 
corresponding  tooth  of  I),  giganteum  in  the  large  Eppelsheim  cranium,  and  of  the 
corresponding  tooth  in  the  above-mentioned  jaw  of  D.  pentapotamice  : — 


New  tooth. 

-D.  giganteum. 

D.  pentapotamla. 

Length  of  tooth 

3-9 

3-5 

2-35 

Width  of  1st  ridge 

25 

2-6 

1-8 

„  of  2nd  „ 

2-3 

2-6 

18 

„  of  3rd  „ 

2-4. 

2-2 

1-7 

The  tooth  is  slightly  larger  than  the  corresponding  molar  of  D.  giganteum, 
in  which  it  agi’ees  with  Falconer’s  fragment,  and  is  far  too  large  to  have  belonged 
to  B .  pe7xtapotami(jB  ;  it  is  further  distinguished  from  the  same  tooth  in  both  those 
sjiecies  by  the  presence  of  the  large  cingulum. 

If  now  we  turn  to  the  description  of  the  above-mentioned  jaw  of  B.  indioum 
on  page  407  of  the  first  volume  of  the  “  Palseontological  Memoirs,  we  shall 
find  that  the  dimensions  of  the  base  of  the  crown  of  the  fii’st  true  molar  are 
as  follows — ^length  4,  width  2'8  ;  these  dimensions  agreeing  very  closely  with  those 
of  our  new  tooth.  The  latter  further  agrees  with  a  fragmentary  tooth  of  B. 
indicum  from  Perim  Island,  described  by  Dr.  Falconer  at  page  397  of  the  first 
volume  of  the  “  Palaeontological  Memoirs,”  in  the  great  thickness  of  the  enamel, 
which  in  both  measm-es  0'25  inch ;  in  B.  pentapotamim  and  B.  giganteum  the 
enamel  is  much  thinner.  Although,  therefore,  the  perfect  corresponding  tooth 
of  B.  indicum  is  unknown,  I  think  on  the  above  grounds  I  am  justified  in  refer- 
ing  the  new  tooth  to  that  species.  This  identification  is  of  great  importance 
in  connecting  the  horizon  of  the  Perim  Island  and  Sind  rocks  as  I  shall  have 
occasion  to  note  more  fully  below. 

A  portion  of  another  tooth  of  a  large  Binotherium  has  been  received  among 
a  collection  made  by  the  late  Dr.  Verchere,  which  appears  to  have  come  from 


»  P.397. 
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Dera  Grhazi  Khan,  and  which  seems  undoubtedly  to  belong  to  the  same  species. 
The  specimen  consists  of  the  last  ridge  of  a  third  upper  molar  of  the  left  side, 
but  very  little  worn.  Its  dimensions  are  given  below,  together  with  those  of  the 
second  upper  molar  of  D.  poitapotamiee,  described  at  page  65  of  the  second  fasciculus 
of  the  tenth  series  of  the  “  Palseontologia  Indica,”  and  also  with  those  of  the 


same  tooth  of  B.  giganteum 

T),  indicum. 

X>.  giganteum. 

D.  pentapotamia. 

Width  of  last  ridge  ...  ... 

...  3-7 

3-4 

23 

Thickness  of  base  of  ridge 

1-8 

16 

IT 

The  new  tooth  differs  from  the  figured  specimen  of  D.  pentapotamice  in 
having  no  ledge  on  the  hinder  side  of  the  last  ridge,  and  in  the  ridge  itself  being 
somewhat  less  curved  ;  it  agrees  with  the  other  teeth  of  B.  intUcum  in  having 
very  thick  enamel,  and  being  slightly  larger  than  the  corresponding  tooth  of 
D.  giganteum  ;  there  is  a  tubercle  on  the  inner  side  of  the  transverse  valley. 

New  species  of  Dinotheeicm. 

In  addition  to  Dinotherium  indicum  and  B.  pentapotamim,  we  have  now  evi¬ 
dence  of  a  third  species  of  Indian  species  of  the  genus.  The  specimen  from 
which  this  evidence  is  derived  consists  of  a  portion  of  the  lower  jaw,  containing  the 
two  last  molars,  collected  by  Mr.  Fedden  in  Sind.  The  jaw  and  teeth  are  much 
smaller  than  those  of  B.  pentapotaynice ;  the  characteristic  point  of  the  jaw  is, 
however,  its  cylindrical  form,  in  which  respect  it  differs  from  all  other  species  of 
the  genus. 

Genes  MASTODON. 

Of  the  genus  Mastodon,  Mr.  Theobald’s  last  collection  contains  a  great 
number  of  specimens  of  the  jaws  and  teeth,  some  of  which  are  of  great  interest, 
and  add  considerably  to  our  knowledge  of  these  animals.  A  few  of  the  most 
interesting  specimens  are  noticed  here  cursorily,  as  it  will  be  a  long  time  before 
I  shall  be  able  to  describe  them  in  detail. 

Mastodon  pandionis,  Falc. 

The  first  specimen  in  this  collection  which  calls  for  especial  notice  is  a  portion 
of  the  mandible  of  a  Mastodon,  which  cannot  be  referred  to  any  of  the  previously 
known  Siwalik  species.  The  specimen  comprises  a  portion  of  the  horizontal 
ramus  with  two  molars,  and  the  symjjhysis  of  the  mandible ;  the  intermediate 
portion  of  the  specimen  was  also  discovered,  but  unfortunately  cinimbled  to  dust 
during  its  transit  down  country.  The  most  noticeable  portion  of  this  jaw  is  the 
symphysis,  of  which  the  part  now  remaining  has  a  length  of  22  inches ;  this  part 
is  laterally  compressed,  and  on  its  upper  surface  is  excavated  by  a  large  groove 
upwards  of  5  inches  in  depth  at  its  proximal  extremity. 

The  one  complete  tooth  in  this  jaw  candes  four  transverse  ridges  and  a  hind 
talon ;  its  length  is  8" 5,  and  its  width  3'7  inches  ;  this  tooth  is  the  last  true  molar, 
and  the  jaw  therefore  belongs  to  a  Trilophodoyi.  The  crown  of  the  penultimate 
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molar  is  unfortunately  broken  away,  but  from  tbe  small  size  of  its  base,  I  imagine 
that  it  could  only  have  canned  three  ridges.  The  last  molar  has  a  very  deep 
longitudinal  valley,  which  divides  each  transverse  ridge  into  a  distinct  outer  and 
inner  column ;  large  accessory  columns  ai’e  placed  in  the  valleys,  which  are  in 
consequence  completely  blocked.  The  disks  of  wear  of  the  columns  form 
irregular  circles  ;  the  tooth  has  some  resemblance  to  some  varieties  of  the  molars 
of  M.  sivalensis,  in  which  the  alternate  arrangement  of  the  columns  is  less  pro¬ 
nounced  than  usual ;  the  last  molar  of  the  latter  has,  however,  five  or  six  ridges. 
When  complete,  the  distal  extremity  of  the  mandible  must  have  been  at  least  30 
inches  in  advance  of  the  last  molar. 

There  are  no  tusks  in  this  specimen ;  among  Mr.  Theobald’s  collection, 
however,  there  is  the  distal  extremity  of  an  elongated  mandibular  symphysis  of  a 
species  of  Mastodon,  which  cari’ies  portions  of  two  veiy  large  tusks.  This 
mandibular  rostrum  cannot  belong  to  any  of  the  described  species  of  Siwalik 
Mastodon ;  and  as  it  agrees  in  fonn  with  the  last  specimen,  I  consider  it  probable 
that  both  belonged  to  the  same  species ;  the  tusked  jaw  being  that  of  a  male,  and 
the  tiiskloss  that  of  a  female  individual.  The  fragments  of  tusks  remaining  in 
the  specimen  are  only  some  10  inches  in  length ;  they  are  much  compressed 
laterally,  the  transverse  section  being  pear-shaped,  having  the  thinner  end  up¬ 
wards.  The  inferior  border  of  the  fragments  is  convex,  and  the  superior  border 
concave ;  the  vertical  diameter  is  3’2  inches,  and  the  transverse  diameter  at  the 
thickest  part  I'll  inches. 

Another  specimen  of  the  mandible  of  a  trilophodont  Mastodon  broken  off  at 
the  symphysis,  carries  two  molars,  which  are  respectively  the  penultimate  and  last. 
The  second  of  these  teeth  agrees  precisely  with  the  corresponding  tooth  of  the 
last  specimen  of  the  mandible,  but  being  loss  worn,  is  more  suitable  for  descrip¬ 
tion  ;  the  identity  of  these  teeth  shows  that  the  two  mandibles  belonged  to  the 
same  species.  The  penultimate  tooth  in  the  second  mandible  carries  three  ridges 
and  a  hind  talon,  which  proves  that  the  first  jaw  belongs  to  a  Trilophodon.  In 
these  teeth  each  ridge  is  divided  by  a  longitudinal  channel  into  an  inner  and  an 
outer  column ;  each  outer  column  gives  off  an  accessory  column  from  either  side, 
which  together  project  obliquely  into  and  quite  block  the  transverse  valleys. 
The  whole  arrangement  of  the  columns  on  the  outer  side  form  a  zigzag  arrange¬ 
ment  ;  while  the  summit  of  each  column  wears  into  a  circle. 

Now,  the  only  two  known  Indian  trilophodons  are  M.  falconeri  and  M. 
paiulionis ;  the  molars  of  the  former  I  have  not  yet  been  able  to  describe.  The 
penultimate  lower  molar  of  that  species  is,  however,  much  larger  than  the  same 
tooth  in  our  new  specimens,  and  has  nearly  open  valleys,  with  distinct  and  clear 
ridges,  whose  summits  wear  into  trefoils  and  not  into  circles.  I  shall  hope 
shortly  to  be  able  to  show  by  a  figure  the  complete  distinctness  of  these  two 
teeth.  The  jaws  of  the  two  are  further  very  different — that  of  M.  falconeri 
being  thick  and  rounded,  while  the  present  specimens  are  thin  and  flat. 

Of  M.  pandiotiis  a  description  of  the  penultimate  upper  molar  will  be  found 
at  page  124  of  the  first  volume  of  the  “  Palseontological  Memoirs  of  Dr.  Fal- 
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coner  ” ;  if  the  description  of  that  tooth  be  compared  with  that  of  the  corre¬ 
sponding  lower  tooth  noticed  above,  it  will  be  seen  that  the  two  agree  precisely, 
except  that  one  is  the  reverse  of  the  other,  as  is  always  the  case  in  upper  and 
lower  molars.  I  have  therefore  no  doubt  but  that  these  new  jaws  belong  to  M. 
pandionis,  which  was  consequently  a  species  proA-ided  with  a  long  spatulate 
mandible,  and  of  which  the  male  carried  inferior  tusks. 

The  interest  of  this  discovery  of  M.  pandionis  in  the  Siwaliks  is  very  great ; 
the  other  known  teeth  are  said  to  have  been  obtained  from  the  Deccan  from 
deposits  supposed  by  Falconer*  to  be  of  pliocene  age  ;  wherever  they  came  from, 
it  is  now  probable  that  they  belong  to  the  same  period  as  that  in  which  lived  the 
other  animals  of  the  Siwalik  fauna.  In  cataloguing  the  fossil  Frohosoidia  in  the 
Indian  Museum,  I  have  lately  come  across  a  last  milk-molar  of  a  trilophodont 
Mastodon  from  Perim  Island  which  seems  undoubtedly  to  belong  to  the  same 
species. 

In  treating  of  M.  pandionis  at  page  124  of  the  first  volume  of  the  “  Paleon¬ 
tological  Memoirs,  ”  Dr.  Falconer  remarks  on  the  great  similarity  of  the  general 
plan  of  the  teeth  of  M.  pandionis  and  M.  angustidens,  the  plan  of  the  former 
being,  however,  rather  the  more  complex  of  the  two.  It  is  interesting  to  observe 
how  this  .similarity  of  plan  in  the  structure  of  the  teeth  extends  into  as  much 
as  we  know  of  the  osteology  of  the  two  animals ;  thus  the  newly  discovered 
specimens  reveal  to  us  that  both  the  species  were  furnished  with  a  long  spatulate 
symphysis  to  the  mandible,  tuskless  in  the  female,  but  in  the  male  provided  with 
a  pair  of  relatively  large  and  slightly'’curved  tusks.  From  this  similarity  in  struc¬ 
ture  we  may,  I  think,  infer  that  these  two  sjiecies  of  Mastodon  were  very  closely 
related  to  one  another,  and  that  it  is  not  impossible  that  at  no  relatively  distant 
epoch  they  must  have  had  a  common  parentage.  One  very  important  difference, 
however,  exists  in  the  structure  of  the  teeth  of  the  two  species,  which  is  that  in 
ill.  pandionis  (though  this  is  not  mentioned  in  Falconer’s  specimen)  there  is  a 
large  quantity  of  cement  in  the  valleys,  which  is  entirely  wanting  in  the  molars 
of  M.  angustidens. 


Mastodon  peeimensis,  Falc.  &  Cant. 

Two  very  interesting  points  in  relation  to  the  dentition  of  this  species  are 
shewn  among  Mr.  Theobald’s  last  collection ;  one  of  them  is,  that  this  species, 
Uke  M.  latidens,  was  provided  with  an  ultimate  upper  premolar,  and  the  other 
that  the  species  carried  tusks  in  the  mandible.  The  specimen  proving  the  ex¬ 
istence  of  an  upper  premolar  consists  of  a  portion  of  the  left  maxilla  con¬ 
taining  two  teeth  ;  the  hinder  of  these  teeth  is  4^  inches  in  length,  carries  four 
transverse  ridges,  and  small  fore-and-aft  talons ;  the  anterior  tooth  has  not  yet 
come  into  wear,  being  only  in  germ,  and  having  its  masticating  surface  on  a 
level  with  the  base  of  the  crown  of  the  hinder  tooth,  w^hich  proves  it  to  be  a 
premolar,  which  has  only  just  displaced  the  milk-molar  which  it  has  succeeded. 

1  Pal.  Mem.,  Tol.  II,  table,  p.  14. 
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The  premolar  is  rounded,  and  carries  two  transverse  ridges  and  two  small  talons. 
The  larger  tooth  corresponds  exactly  in  form  with  the  first  or  antepenultimate 
molar  of  M..  jjermiensis  from  Perim  Island,  represented  on  plate  9  of  the  first 
volume  of  the  “  Paleontological  Memoirs  of  Dr.  Falconer,”  and  which  is  now 
in  the  Indian  Museum.  Mr.  Theobald’s  S2iecimen  is,  however,  rather  the  smaller 
of  the  two.  From  the  large  size  of  the  pi’emolar  in  the  new  jaw,  I  think  that 
that  tooth  must  he  the  last,  and  that  the  tooth  which  it  has  rejilaced  must  con¬ 
sequently  have  been  the  last  milk-molar ;  the  second  tooth  will  consequently  be 
the  first  or  antepenultimate  true  molar,  and  will  correspond  to  the  above- 
mentioned  specimen  of  Falconer’s  :  the  slight  difference  in  size  of  the  two  speci¬ 
mens  is  very  jirobahly  duo  to  difference  of  sex. 

I  have  already  mentioned  at  page  71  of  the  last  volume  of  the  “  Eecords  ” 
the  discovery  of  a  comjjlete  mandible  of  this  species,  and  of  the  possible  occur¬ 
rence  of  lower  tusks.  Two  specimens  of  the  symphysis  of  the  mandible  of  the 
same  species  in  Mr.  Theobald’s  last  collection  have  now  made  it  certain  that 
certain  individuals,  probably  males,  were  furnished  with  small  mandibular  tusks. 
Both  the  new  specimens  Lave  been  fractured,  and  exhibit  sections  of  the  tusks 
in  their  alveoli  ;  these  tusks  were  of  small  size,  and  show  an  oval  cross-section, 
of  which  the  vertical  diameter  in  the  middle  of  the  symphysis  is  1‘6  inches, 
and  the  transverse  diameter  1‘3. 

PEKISSODACTYLA. 

Acekotheeium  peeimekse,  Pale.  &  Caut. 

The  discovery  of  a  nearly  complete  cranium  of  this  species  in  the  Siwaliks 
of  the  Punjab  by  Mr.  Theobald  is  of  great  interest,  as  only  very  fragmentary 
remains  of  the  species  have  hitherto  been  known.  The  new  cranium  is  further 
interesting,  as  showing  the  accuracy  of  Falconer’s  opinion  (formed  on  the  evi¬ 
dence  of  a  few  generally  imperfect  teeth),  that  the  Perim  Island  Rhinoceros 
was  hornless,  and  belonged  to  the  genus  Acerotherium. 

The  cranium,  with  the  exception  of  a  few  minor  injuries,  only  lacks  the 
extremity  of  the  nasals,  and  maxillai  and  premaxillso,  together  with  the  greater 
part  of  the  zygomatic  arches,  to  be  complete,  and  is  generally  in  a  very  excellent 
state  of  preservation.  As  I  shall  hoj)e  on  a  future  occasion  to  give  a  figure  and 
a  more  detailed  description  of  this  cranium,  it  will  only  be  noticed  very  shortly 
here. 

The  cranium  is  that  of  a  fully  adult  animal,  the  permanent  molars  being 
greatly  worn  down,  and  the  cranial  sutures  mostly  obliterated ;  it  is  also  of  huge 
dimensions.  It  is  at  once  distinguished  from  the  three  species  of  true  Siwalik 
Rhinoceros,  of  which  figures  of  the  emnium  are  given  in  the  “  Fauna  Antiqua 
Sivalensis  ”  by  its  straight  jirofile,  in  place  of  the  highly  curved  profile  which 
characterizes  the  other  species.  It  is  further  distinguished  by  the  very  small 
size  of  the  nasals  :  these  bones  are  unfortunately  broken  off  near  their  base,  but 
sufficient  of  them  remains  to  show  that  they  formed  merely  a  short  conical  pro- 
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jection,  having  no  resemblance  to  the  broad  and  curved  bones  which  occur  in 
the  other  species.  The  transverse  diameter  of  the  base  of  these  bones  in  the 
new  cranium  is  only  3'3  inches,  whereas  in  the  smaller  crania  of  B.  sivalensis 
and  B.  palceindious  it  is  5  and  about  4-8  inches  respectively,  and  in  the  largo 
B.  platijrMnus  is  upwards  of  6’5  inches.  Again,  the  base  of  the  nasals  in  the 
new  cranium  is  perfectly  smooth  even  on  the  upper  surface,  shewing  that 
there  was  no  nasal  horn,  such  as  exists  in  the  other  species ;  the  frontals  are 
also  perfectly  smooth,  and  shew  no  signs  of  having  ever  carried  a  horn. 
The  cranium,  therefore,  is  truly  that  of  an  Aoerotlierium,  and  as  such  quite 
distinct  from  the  other  Siwalik  species  of  Rhinoceros. 

Together  with  this  cranium,  Mr.  Theobald  has  sent  the  less  worn  upper 
dentition  of  another  individual  of  the  same  species,  which  is  in  a  better  state  for 
comparison  than  the  more  worn  dentition  of  the  cranium.  The  antepenultimate 
upper  premolar  in  both  these  specimens  agrees  exactly  with  the  corresponding 
tooth  represented  in  fig.  15  of  plate  75  of  the  “  Fauna  Antiqua  Sivalensis,” 
which  is  the  type  of  A.  perimense  ;  the  true  molars  in  Mr.  Theobald’s  specimens 
also  agree  with  the  fragmentary  molars  of  the  same  species  represented  on  the 
same  plate ;  the  new  cranium  may,  therefore,  be  .safely  referred  to  A.  perimense. 

This  being  so,  the  complete  dentition  of  this  species  now  enables  me  to  cor¬ 
rect  a  very  serious  error  into  which  I  had  fallen,  and  through  which  I  had  been 
led  to  form  a  new  species  of  Siwalik  Rhinoceros,  (B.  planidens),  though  working 
with  imperfect  materials. 

If  we  turn  to  figures  7  and  8  of  the  second  part  of  the  tenth  series  of  the 
“  Palseontologia  Indica,”  it  will  be  found  that  I  figured  two  imperfect  upper 
molars  of  a  Rhinoceros,  wRich  I  considered  to  be  different  from  the  corresponding 
teeth  of  any  other  species,  and  which  I  accordingly  referred  to  a  new  species 
under  the  name  of  B.  planidens.  Subsequently  several  complete  upper  molars, 
and  a  considerable  portion  of  a  mandible,  together  with  an  upper  incisor,  all  of 
large  size,  were  obtained  by  Mr.  Theobald,  and  were  referred  to  under  the  same 
specific  name  at  page  96  of  the  last  volume  of  the  “  Records.” 

Row,  the  true  molars  in  Mr.  Theobald’s  two  latest  specimens  agree  precisely 
with  the  above-mentioned  upper  molars,  and  clearly  belong  to  the  same  species. 
It  is  therefore  clear  that  the  new  species  B.  planidens  must  be  merged  in 
A.  perimense. 

In  figure  5  of  Plate  VI  of  the  same  volume  of  the  “  Palseontologia  Indica” 
I  figured  two  teeth  of  A.  perimense,  which  I  considered  to  be  the  last  premolar 
and  the  first  true  molar,  because,  as  will  be  seen  by  the  figure,  the  second  of 
these  two  teeth  is  the  most  worn.  Considering  this  latter  tooth  to  be  a  true 
molar,  it  was  apparent  that  the  true  molar  referred  to  B.  planulens  could  not 
belong  to  A.  perimense.  A  comparison  of  the  two  teeth  in  que.stion  with  the 
dentition  of  Mr.  Theobald’s  specimens  show's,  however,  that  these  teeth  are  really 
the  first  and  second  premolars,  and  that  their  relative  rate  of  wear  must  be  an 
abnormality  I  may  add  that  I  ought  to  have  known  that  these  two  teeth  must 
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have  been  the  two  middle  premolars,  because  no  such  discrepancy  in  size  occurs 
between  the  last  premolar  and  first  true  molar  as  occurs  between  these  two  teeth, 
while  the  smaller  tooth  is  of  too  small  dimensions  to  have  been  the  last  true 
molar.  I  may  add  that  the  tooth  represented  on  Plate  VI,  figure  2  of  the  above 
referred  to  volume  of  the  “  Palseontologia  Indica,”  as  the  first  true  molar  of 
A. perimense,  is  really  the  penultimate  premolar;  and  that  the  unnamed  tooth 
from  Sind,  represented  on  figure  6  of  the  same  plate,  seems  to  be  the  antepenulti¬ 
mate  upper  premolar  of  the  same  species. 

On  a  future  occasion  I  shall  hope  to  be  able  to  give  figures  of  the  almost 
complete  upper  and  lower  dentition  of  the  present  species  ;  and  I  cannot  but  regret 
that  I  have  previously  published  figures  of  such  very  imperfect  specimens.  It  is 
interesting  to  observe  that  A.  perimense  agreed  with  the  European  A.  incisivum, 
in  being  hornless,  and  in  being  furnished  with  a  single  pair  of  very  large  upper 
and  lower  incisors,  clearly  showing  that  the  absence  of  one  weapon  of  offence  or 
defence  is  compensated  for  by  the  greater  development  of  another. 

I  may  here  mention  that  we  seem  to  be  gradually  obtaining  evidence  that 
the  mammalian  fauna  of  the  Punjab  and  Sind  forms  a  connecting  link  between 
the  fauna  of  Perim  Island  on  the  one  hand  and  of  the  more  eastern  Siwaliks  on 
the  other.  Thus,  as  will  be  gathered  from  a  perusal  of  this  and  my  previous 
papers  in  the  Kecords,  we  have  in  the  Siwaliks  of  the  Punjab  and  Sind  the 
following  Perim  Island  mammals,  which  were  not  known  to  Falconer  fix)m  the 
more  easterly  Siwaliks,  viz.  : — 

Dinotherluui  indicum.  P. ;  I.  P.  S. 

Mastodon  pandionis.  P. ;  I.  P,  Deccan  (?) 

Mastodon  perimensis.  P. ;  I.  P.  S.  (?) 

Hyotherium  sindieuse.  P. ;  I.  S. 

Acerotherium  perimense.  P. ;  I.  P.  S.  (?) 

Hippotherium  tlieobaldi.  P. ;  I.  P. 

All  these  mammals  belong  to  old  forms,  and  seem  to  indicate  that  the  Perim  Island 
deposits  and  the  zone  in  which  they  occur  in  the  Punjab  (position  unknown) 
are  low  down  in  the  series  and  correspond  to  the  older  Sind  Siwaliks. 

Distribution  of  genera  of  SiwaliJc  Mammals. 

Since  the  publication  of  my  paper  on  the  “  Fossil  Mammalian  Fauna  of 
India  and  Burma,  ”  *  several  new  genera  have  been  added  to  these  fauna,  and 
the  distribution  of  the  previously  known  genera  has  been  further  elucidated.  I 
have  therefore  compiled  the  following  table  of  the  distribution  of  the  mammalian 
genera  in  the  Siwalik  and  the  other  tertiaries  below  the  Nerbudda  group,  which 
must  be  taken  as  superseding  the  tables  given  on  pages  90-92  of  my  above 
quoted  memoir. 


*  Rec.  Gcol.  Surv.  Iiid.,  Vol.  IX,  pt.  III. 
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Table  of  distribution  in  India  of  Siwalik  Mammalian  Genera. 


Order. 

Genus. 

Burma. 

Sylhet. 

Country 
east  of 
Jhelam  R. 

Punjab 
west  of 
Jhelam  R. 

Sind. 

Perim  I. 

Primates 

Palseopitliecns 

... 

... 

X 

X 

... 

... 

Semnopithecus 

X 

... 

... 

» 

Macacus 

... 

X 

X 

Peoboscidia  ... 

Dinotherium.,, 

X 

X 

X 

Mastodon 

X 

... 

X 

X 

X 

X 

Stegodou 

X 

X 

X 

p 

... 

Loxodon 

... 

... 

X 

... 

... 

Euelephas  ... 

X 

... 

... 

... 

USGULATA 

Sus  ... 

... 

X 

X 

X 

X 

X 

Artiodactyla 

Hippoliyus  ... 

... 

X 

X 

X 

Tetraconodon 

... 

X 

X 

... 

Hippopotamus 

X 

... 

X 

? 

Sanltherium... 

X 

Listriodon  ... 

* 

... 

X 

? 

Hyotherium ... 

X 

X 

Aiitliracotlienuiu 

X 

X 

X 

Hemimeryx... 

X 

Sivameryx  ... 

... 

X 

Hyopotamus ... 

... 

X 

Chceromery  X 

... 

X 

Merycopotainus 

X 

... 

X 

X 

... 

Chalicotherium 

... 

X 

X 

... 

Cainelus  ... 

X 

... 

Sivatherinm ... 

... 

... 

X 

... 

... 

Hydaspitherium 

... 

X 

... 

Vislinutberium 

X 

... 

? 

Bramatliei’ium 

... 

... 

X 

Camelopardalis 

... 

X 

X 

... 

X 

Antilope 

X 

X 

X 

G 
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Order. 

Genus. 

Burma. 

Sylhet. 

Country 
ea.'^t  of 
Jhelam  R 

Punj  ab 
west  of 
Jhelam  R 

Sind. 

Perira  I. 

Artiodactijla  — 
contd. 

Bos 

? 

X 

Heinibos 

X 

? 

Amphibos 

X 

? 

Peribos 

X 

... 

BubalES 

X 

... 

Bison 

X 

Capra 

X 

X 

X 

Dorcatlierium 

X 

X 

Cervus 

? 

X 

X 

X 

... 

Perissodactyla  ... 

Acerotlieriulu 

? 

? 

X 

X 

X 

Rhinoceros  ... 

X 

... 

X 

X 

X 

? 

Hippotberimn 

•• 

X 

X 

X 

Equus 

? 

X 

Caenitoea 

Hyaenarctos  ... 

X 

X 

? 

... 

Ursus 

? 

X 

-M  elli  voi’a 

X 

X 

Meles 

X 

... 

Ampbicyon  ... 

X 

X 

X 

Enbydriodon 

X 

Lutra 

X 

X 

Canis 

X 

? 

... 

Ictitberium  ... 

... 

X 

Hyaena 

X 

X 

... 

Macbairodus . . . 

... 

X 

... 

Felis 

X 

X 

Psendaelurns... 

... 

... 

... 

X 

Rodentia 

Hystrix 

... 

X 

X 

... 

Ebizomys 

... 

p 

X 

... 

Mus  ... 

... 

X 

EDBrTATA 

Manis 

... 

... 

... 

X 

... 
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In  the  above  table  there  are  a  few  points  which  call  for  short  notice.  In  the 
fii’st  place,  the  number  of  specimens  collected  from  Sylhet  is  so  small,  that  no 
inference  as  to  the  absence  of  genera  from  the  formations  of  that  district  can  be 
drawn  from  their  absence  in  the  table  :  to  a  less  degree  the  same  remark  applies 
to  Burma  and  Perim  Island.  Again,  in  the  three  columns  headed  respectively 
Country  east  of  Jhelam  R.,”  “  Punjab,  west  of  Jhelam  R.,”  and  “  Sind,  ”  I  do 
not  wish  to  lay  any  great  stress  on  the  absence  in  any  of  these  columns  of  any  of 
the  rarer  genera,  such  as  Sanitkermvi,  AmpMeyon,  or  Lutra,  as  indicating  their 
ateence  from  the  formations  under  those  columns.  On  the  other  hand,  the  pre¬ 
sence  or  absence  in  any  of  these  columns  of  any  of  the  common  genera,  such  as 
Fueleptias,  Merycopotamus,  Bos  or  Eqims,  is  of  great  weight,  and  is  to  be  considered 
in  many  cases  as  a  fact  in  distribution. 

We  may  notice  in  Sind  the  complete  absence  of  the  following  common 
Siwalik  genera,  via.,  Stecjodon,  Loxoclon,  Euel&phas,  Ilfpoqiotanms,  Merycopotavms, 
Camelus,  Camelopardalis,  Bos,  Bison,  sradL  Epiius ;  and  we  may  further  note  that 
most  of  these  genera  are  modern  forms,  and  that  most  of  them  are  not  found  in 
the  country  to  the  west  of  the  river  Jhelam,  but  that  they  occur  commonly 
enough  in  the  country  to  the  east  of  that  river.  Again  the  genera  Dinotlierium, 
Listriodon,  HyotJierium,  various  Suina,  Hyopotamms,  and  Acerotherium,  are  of  fairly 
common  occurrence  in  Sind  and  the  Punjab,  and  do  not,  I  believe,  occur  in  the 
country  to  the  east  of  the  Jhelam,  with  the  exception  perhaps  of  Acerotlieriwm, 
which  has  been  found  a  little  to  the  east  of  that  river.  Again  the  genus  Equus, 
which  is  extremely  common  in  the  Siwalik  country  of  Falconer,  is  unknown  in  the 
Western  Punjab,  and  is  there  replaced  by  Eippotherium,  of  which  genus  at  least 
two  species  occur  there  very  commonly,  of  which  one  (H.  artilopinuni)  occurs 
in  the  more  eastern  country,  while  the  other  (H.  ttieohaldi)  is  only  known  from 
the  Western  Punjab  and  Perim.^ 

The  table  in  fact  shows  that  the  more  modern  genera  are  mainly  character¬ 
istic  of  the  country  to  the  east  of  the  Jhelam,  while  the  Punjab,  Sind,  and 
Perim  Island  are  characterized  by  an  older  facies  of  genera,  —the  greater  number 
of  old  genera  occurring  in  Sind.  The  Sind  fauna  is  consequently  to  be  regarded 
as  the  oldest  of  the  Siwalik  group,  that  of  the  Punjab  and  Perim  Island  probably 
the  next  in  age,  and  the  Siwaliks  of  the  Dehra  Dun  and  neighbouring  country 
as  the  newest  of  all.  I  wish,  however,  to  add  that  although  I  think  the  differ¬ 
ence  in  the  mammalian  faunas  of  the  different  districts  under  discussion  are  due 
in  great  measure  to  differences  in  relative  age,  yet  that  it  is  probably  that  many  of 
the  genera,  such  as  those  of  the  Sivatlieridce,  were  strictly  contemporaneous,  and 
were  limited  in  their  geographical  range. 

'  In  Falconer’s  catalogue  of  the  Vertehrata  in  the  collection  of  the  Asiatic  Society  of  Bengal, 
the  molars  of  this  sijccies  are  referi  ed  to  Equus,  I  believe  I  have  evidence  of  the  exi.stence  of 
four  species  of  the  genus  in  the  Punjab. 


52 


[VOL.  XII. 


Becords  of  the  Geological  Survey  of  India. 

DESCEIPTION  OF  PLATE. 

Fig.  1.  Palsopithectjs  sivalexsis,  nobis. 

Lateral  view  of  right  maxilla. 

„  2.  Macacus  STTALENSI8,  noHs ;  palatal  view  of  right  maxilla. 

,,  3.  Rhizomys  sivAlensis,  nobis ;  palatal  view  of  left  ramns  of  mandible. 

„  4.  Macactjs  sivaleksis,  nobis  ;  palatal  view  of  left  maxilla. 

„  6.  Paljiowthecus  siyalensis;  palatal  view  of  specimen  represented  in  fig.  1. 

Fig.  3  twice  the  natural  size ;  the  rest  natural  size.  The  two  sides  of 
the  maxilla  represented  in  fig.  5  have  not  been  placed  quite  sym¬ 
metrically.  The  perfect  tooth  on  the  left  side  of  the  figure  should 
be  opposite  the  decayed  tooth  on  the  right  side. 


Notes  on  some  Siwalik  Birds,  bg  R.  Ltdekkee,  B.  A.,  Geological  Survey  of 

India. 

ISTBODUCTION. 

In  the  Siw’aliks,  as  in  many  other  ossiferous  formations,  the  fossil  remains  of 
birds  are  of  extremely  rare  occurrence,  and  such  bones  as  do  occur  are  generally, 
owing  to  their  delicate  structure,  merely  fragments  of  the  stouter  extremities. 
Except  in  formations  like  the  lithographic  slates  of  Solenhofen,  the  skull  of  birds 
are  scarcely  ever  preserved  as  fossils,  and  none  have  as  yet  been  obtained  from  the 
Siwaliks.  From  time  to  time,  however,  a  few  fragments  of  bird-bones  have  been 
obtained  from  these  deposits,  and  these  are  of  extreme  interest,  as  being  the  only 
evidence  we  have  at  present  of  the  existence  of  an  avian  fauna  in  the  Siwaliks. 
Some  of  these  bones  were  collected  by  Dr.  Falconer,  and  were  deposited  by  him 
in  the  British  Museum,  figures  being  given  of  them  on  Plate  R  of  the  unpub¬ 
lished  plates  of  the  “  Fauna  Antiqua  Sivalensis.”!  On  the  evidence  of  these 
bones  M.  A.  Milne-Edwmrds’  established  two  species  of  extinct  Siwalik  birds, 
namely,  Struthio  asiatlcus  and  Argala  falconeri.  From  the  evidence  of  another 
bone  which  is  not  figured  in  the  “  Fauna  Sivalensis,”  the  same  writer  considered, 
that  a  bird  allied  to  Phaeton  must  have  lived  with  the  Siwalik  fauna. 

Among  the  vast  collection  of  mammalian  and  reptilian  bones  obtained  by  Mr. 
Theobald  from  the  Siwaliks,  there  are  a  few  fragmentary  bird  bones ;  and  these 
together  with  the  bones  collected  by  Dr.  Falconer,  form  mainly  the  subject  of  the 
following  short  notes.  These  notes  are  not  intended  as  an  accurate  description 
of  the  bones,  because  I  ivish  to  defer  that  description  in  the  hope  that  I  may 
hereafter  obtain  more  complete  materials.  Some  of  the  bones  are,  however,  of 
such  interest,  that  I  have  thought  it  well  to  bring  their  existence  into  notice, 
without  deferring  them  to  the  indefinite  period  when  I  shall  be  enabled  to  give 
figures  of  them. 

*  Pliotograpliic  copies  of  these  plates  can  now  be  obtained  at  the  British  Museum. 

’  Oiseaux  fossiles  de  la  France,  Vols.  I,  p.  “149,  II,  p.  587. 
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Fossil  Struthioids. 

W^itF  rogard  to  Struthio  asiaticiis  of  M.  Milne-Edwards,  it  appears  that  this 
species  was  formed  on  the  evidence  of  the  phalange,  and  of  the  distal  extremity  of 
the  tibio-tarsns,  which  are  represented  in  figs.  2  and  15  of  the  above-quoted  plata 
of  the  “  Fauna  Antiqua  Sivalensis.”  In  noticing  the.se  species,  M.  Milne-Edwards 
(loc.  cit.)  remarks  :  ”  L’line  des  espeees  les  pins  remarquables  appa'i-tenait  wugroupe 
des  Brevipennes  et  se  rapprochait  heaucoup  de  VAuiruclie  d’ Afnque  par  la  conforma¬ 
tion  de  son  pied,  qni  neportait  que  deux  doigts.”  I  am  rather  at  a  loss  to  discover  how 
M.  Milne-Edwards  determined  that  his  Siwalik  ostrich  had  but  two  toes,  because, 
as  I  have  said,  the  only  struthioid  bones  figured  in  the  “  Fauna  Antiqua  Sivalensis” 
are  the  distal  extremity  of  the  tibio-tarsus  and  a  phalange.  The  first  bone  would, 
as  far  as  I  am  aware,  give  no  indication  of  the  number  of  toes,  and  the  second, 
which  appears  to  belong  to  a  median  digit,  is  symmetrical  in  itself,  and  might, 
as  far  as  I  can  see,  belong  to  either  a  two-  or  a  three-toed  bird.  It  is,  however, 
possible  that  M.  Milne-Edwards  may  have  seen  a  specimen  of  the  tarso-meta- 
tarsus  of  this  struthioid  which  would  of  course  settle  the  question.  In  any  ease 
it  is  probable  that  such  an  authority  on  the  subject  as  M.  Milne-Edwards 
would  not  hav^e  made  such  a  positive  assertion  without  good  grounds ;  and  I 
therefore  adopt  his  dictum,  that  the  bird  to  which  the  two  above-mentioned  bones 
belonged  was  a  two-toed  ostrich. 

I  now  come  to  four  bones  of  a  large  species  of  struthioid,  collected  by  Mr. 
Theobald  in  the  Western  Punjab.  These  bones  comprise  two  specimens  of  the 
first  and  second  phalanges  of  the  outermost  digit'  of  a  three-toed  struthioid  bird  ; 
one  pail’  of  these  bones  is  somewhat  larger  than  the  other  pair.  I  will  not 
desciibe  these  bones  on  the  present  occasion,  but  will  content  myself  with  saying 
that  as  regards  form,  they  agree  almost  precisely  in  foi-m  with  the  corresponding 
bones  of  Bromunxis  novce-hollandke. 

The  dimensions  of  the  four  fossil  bones  and  the  two  corresponding  bones  of 
P.  novce-hoUandioi  are  as  follows,  in  inches: — 


Large  fossil. 

Small  fossil. 

DromcBits 

novcB-hoilan’ 

dice. 

Length  of  first  phalange 

2-4 

2-3 

1-8 

Antero-posterior  diameter  of  superior  surface  of  ditto 

1-36 

1-25 

0-75 

Transverse  ditto  ...  ...  ... 

1-3 

1-2 

0-7 

An tero-postorior  ditto  inferior  ditto 

0-9 

0-7 

0-46 

Transverse  ditto 

10 

0-8 

0  6 

Leiigtli  of  second  phalange 

1'5 

1-3 

0-8 

Antero-posterior  diameter  of  superior  surface  of  ditto 

1-1 

0-95 

0-55 

Transverse  ditto 

1-3 

11 

0  62 

Antero-posterior  ditto  inferior  ditto 

07 

0-65 

0-45 

Transverse  ditto 

1-3 

IT 

0  54 

•  Corresponding  to  the  fourth  of  the  typicsl  serins. 
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It  will  be  seen  from  the  foregoing  measm-ementa  that  the  fossil  and  recent 
bones  bear  the  same  relative  projjortions,  and  that  the  larger  fossils  are  almost 
exactly  double  the  size  of  the  recent  bones.  The  difference  in  the  size  of  the 
fossils  does]  not  appear  to  be  greater  than  that  which  might  occur  in  different 
individuals  of  the  same  species.  There  are  some  very  slight  minor  differences 
between  the  fossil  bones  and  those  of  DromcBiis  novcc-liollandicE,  but  they  do  not 
appear  to  me  to  be  more  than  of  specific  value ;  and  I  think  that  the  fossils 
should  undoubtedly  be  referred  to  that  genus. 

It  may  be  well  to  observe,  that  the  outermost  digit  of  Strutliio  has  its  phal¬ 
angeal  bones  of  a  much  more  slender  tj^pe  than  those  of  Dromceus,  and  each 
bone  is  more  nearly  symmetrical  in  itself  than  in  the  latter  genus.  The  stout  and 
obliquely  shaped  fossil  bones  cannot  therefore  belong  to  Struthio. 

Had  it  not  been  that  M.  Milne-Edwards  had  referred'  the  struthious  Siwalik 
bones  in  the  British  Museum  to  the  two-toed  genus  Struthio,  I  should  have 
not  improbably  referred  all  the  bones  to  one  species.  The  tibio-tarsus  of  Struthio 
asiaticus  is,  however,  rather  small  for  the  fossil  phalanges.  For  the  three-toed 
Siwalik  struthioid  bird  I  propose  the  name  of  Drornmus  sivalensis.  If  it  should 
turn  out  eventually  that  M.  Milne-Edwai’ds  was  erroneous  in  referring  the  stru¬ 
thioid  tibio-tarsus  to  the  genus  Struthio,  and  that  that  bone  really  belongs  to  a 
three-toed  species,  then  it  may  possibly  belong  to  BroiiKEUs  sivalensis.  Irrespect¬ 
ive  of  this  question,  however,  the  new  fossil  bones  afford  us  indisputable  evi¬ 
dence  of  the  former  existence  in  India  of  an  emeu  of  double  the  size  of  the  existing 
emeu  of  Hew  Holland,  and  which  must  have  rivalled  in  size  some  of  the  gigantic 
fossil  three-toed  wingless  birds  of  Hew  Zealand. 

If  we  accept  M.  Milne-Edwai-ds’  Struthio  asiaticus,  it  is  clear  that  the 
ostriches  of  Africa  and  the  emeus  of  Australia  once  had  a  common  home  on 
the  plains  of  India,  and  it  is  possibly  from  this  common  home  that  they  have 
gradually  spread,  till  they  are  now  isolated  from  one  another  on  opposite  sides 
of  the  globe. 

The  living  faunas  of  India  and  of  the  Australian  region  are  almost  totally 
distinct;  but  there  are  a  few  indications  in  Celebes  and  some  of  the  neighbouring 
islands  of  there  having  been  a  former  communication  between  the  African 
Oriental,  and  Australian  faunas  ;  and  it  is  probable  that  the  same  means  of  com¬ 
munication  afford  a  passage  for  the  Struthionidie.  Mr.  Wallace,'  in  explanation 
of  the  supposed  communication,  suggests  that  a  lai’ge  tract  of  land  formerly 
extended  from  Australia  in  a  north-westerly  direction  to  Asia,  and  that  this  old 
land  was  probably  the  home  of  the  ancestors  of  Sus,  Bahirusa,  Phacoohmrus,  Anoa, 
Btibalm,  Cynopitlieoue,  Gynocephalus,  and  ilaeacus,  to  which  we  may  now  probably 
add  Dronixiis  and  Struthio. 

Since  the  emeus  and  cassowaries  are  not  found  fossil  in  Australia  or  Hew 
Guinea,  while  numerous  fossil  species  of  marsupials  occur  throughout  these 
islands,  and  since  struthioids  are  known  to  have  existed  in  the  older  pliocene  (or 

'  Geographical  distribution  of  Animals,  Vol.  I,  p.  437. 
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upper  miocene)  in  Asia,  while  the  marsupials  (with  the  exception  of  the  Didel- 
^hida)  have  not  been  known  out  of  Australasia  since  the  Eocene  period,  it 
is  not  impossible  that  the  strnthioid  birds  are  a  much  later  introduction  into 
Australasia  than  the  marsupials.  At  page  340  of  “  Tropical  Nature,”  Mr.  Wal¬ 
lace  says  that  Australia  was  isolated  during  the  whole  of  the  tertiary  period,  and 
on  the  next  page  that  it  has  not  improbably  been  isolated  since  the  oolitic  period. 
If  I  am  right  in  referring  the  fossil  Siwalik  bird-bones  to  Droinmios  (and  they 
are  certainly  closely  allied)  we  have  indications  of  a  much  later  connection 
between  India  and  Australia. 

New  Wader. 

The  next  fossil  bird-bones  I  wish  to  notice  are  an  associated  sternum  and 
an  incomplete  tibio-tarsus  of  a  gigantic  carinate  bird,  which  probably  belonged 
to  the  order  Grallatores  ;  though  it  presents  certain  peculiarities  which  appear  to 
distinguish  it  from  all  other  living  birds.  This  sternum  and  tibia  were  in  the 
collection  of  the  Asiatic  Society  of  Bengal,  and  were  marked  in  Dr.  Falconer’s 
handwriting  as  having  been  obtained  from  the  Siwaliks,  though  no  locality  is 
mentioned.  The  sternum  has  a  bold  convex  carina,  and  has  a  considerable  gen¬ 
eral  resemblance  to  the  sternum  of  Argctla  (Z^^^p^op^^7^(s) ;  the  notch  on  either  side  of 
the  xiphi-stemum  is,  however,  much  deeper  and  larger,  and  the  xiphi-stemum 
itself  larger  and  longer.  The  sternum  is  moreover  more  expanded  laterally  than 
in  Argala.  The  peculiarity  of  this  sternum,  however,  is  that  the  distal  half  of 
the  f  urculum,  which  alone  remains,  is  completely  anchylosed  to  the  superior  border 
of  the  sternum,  so  that  no  trace  of  division  is  visible.  Behind  this  anchylosed 
furculum  are  the  long  coracoidal  grooves,  which  are  placed  much  more  backwards 
than  is  usually  the  case  in  birds.  I  do  not  know  of  any  instance  among  living 
birds  of  such  complete  anchylosis  of  the  sternum  and  clavicles,  such  anchylosis 
being  usually  confined  to  the  hypocleidium  of  the  furculum  and  the  manubrium 
sterni.  The  fossil  sternum  is  of  considerably  larger  size  than  that  of  Argala 
indica,  but  from  its  general  form  seems  clearly  to  have  belonged  to  a  bird  allied 
to  that  genus.  The  tibio-tarsus  which  was  associated  into  the  sternum  lacks  its 
distal  extremity  (astragalus),  as  well  as  some  portion  of  its  proximal  extremity. 

The  fibula  is  anchylosed  to  the  upper  half  of  the  tibia,  which  shows  that  the 
bones  do  not  belong  to  a  strnthioid,  in  which  the  tibia  and  fibula  are  distinct. 
The  bone  has  the  general  shape  of  the  tibia  of  Argala,  but  is  flatter  superiorly,  and, 
in  place  of  being  slender,  is  stout  and  strong  like  the  tibia  of  the  ostrich.  The 
length  of  the  imperfect  tibia  is  about  14  inches,  while  its  transverse  diameter 
superiorly  is  1‘8  inches,  and  its  antero-posterior  diameter  1'2  inches. 

As  regards  size,  our  tibia  has  a  great  resemblance  to  the  gigantic  Gnstomie 
parisiensis^  of  the  French  eocene,  which  is  only  known  by  its  femur  and  tibia, 
and  which  seems  to  have  characters  common  to  the  Grallatores  and  Natatores. 
The  tibia  of  Gastornis,  however,  expands  inferiorly,  whereas  the  Indian  bone 
contracts  :  there  is  also  a  great  hollow  in  the  former  on  the  anterior  surface  above 

•  Oiseaux  fossiles  Re  la  France,  Atlas,  Vol.  II,  pi.  29. 
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the  condyles,  'which  does  not  occur  in  the  latter.  In  Gastornis  the  tendon  of  the 
tibialis  anticiis  muscle  passes  through  a  distinct  bony  arch,  which  I  think  does 
not  exist  in  the  Indian  fossil.  Again,  the  Indian  tibia  has  the  fibula  anchylosed 
to  it  for  half  its  length,  which  is  not  the  case  in  Gastornis.  I  am  not  aware  of 
any  other  living  or  fossil  bird  (except  the  Ratidai),  which  has  a  tibia  approaching 
in  size  to  that  of  our  fossil. 

These  tw^o  bones  indicate  the  former  existence  of  a  carinate  bird,  probably 
allied  to  the  adjutant,  but  which  in  stoutness  and  length  of  limb  was  interme¬ 
diate  in  size  between  the  ostrich  and  the  emeu.  I  proiiose  to  call  this  bird 
Megaloscelornis  sivalensis^  ;  the  remains  I  hope  to  describe  more  fully  on  a  subse¬ 
quent  occasion. 

Argala  falconer i,  M. -Edwards. 

The  remains  of  Argala,  falconeri  in  the  British  Museum,  according  to  M. 
Milne-Edwards  (Joe.  cit.),  consist  of  the  proximal  and  distal  exti’emities  of  a 
tarso-metatarsus,  and  two  specimens  of  the  distal  extremity  of  the  tibio-tarsus. 
Two  of  the  bones  indicate  a  bird  larger  than  Argala  indica  (Lejjtoptilus  argala), 
while  the  other  two  are  of  somewhat  smaller  size.  In  the  Indian  Museum  we 
have  three  bones  belonging  to  Argala  falconeri,  all  of  which  were  collected  by  Mr. 
Theobald  in  the  Punjab :  these  bones  comprise  a  very  late  cervical  vertebra,**  the 
dist.al  extremity  of  a  tibio-tarsus,  and  the  first  phalange  of  the  outermost  digit. 
The  first  two  of  these  bones  are  of  exactly  the  same  size  as  the  corresponding 
bones  of  A.  indica,  while  the  third  is  slightly  smaller ;  as  regards  form  all  appear 
to  me  to  be  indistinguishable  from  the  corresponding  bones  of  the  living  species. 
Since  some  of  M.  Milne-Edwards’  specimens  are  of  somew'hat  larger  size  than  the 
living  adjutant,  it  is  evident  that  the  Siwalik  adjutant  attained  aso:newhat  greater 
size  than  the  living  species  ;  but  as  the  bones  of  the  two  are  indistingiushable  in 
form,  it  appears  to  me  to  be  very  doubtfrd  whether  we  have  as  yet  any  good  evi¬ 
dence  as  to  the  specific  distinctness  of  the  living  and  fossil  forms. 

Conclusion. 

Besides  the  above-described  bones,  there  are  in  the  Indian  Museum  a  cervi¬ 
cal  vertebra  and  a  tibio-tarsus  of  birds  about  the  size  of  the  common  fowl,  but 
whose  affinities  I  have  not  yet  determined. 

There  is  also  the  distal  extremity  of  the  femur  of  a  large  unkno^vn  bird  figured 
in  the  “  Fauna  Antiqua  Sivalensis,”  as  ■well  as  several  fragments  of  bones  of 
smaller  birds.  In  the  collection  of  the  British  Museum  there  is  the  distal 
extremity  of  the  humerus  of  a  large  bird,  which  was  recently  discovered  among 
some  Siwalik  specimens  by  Mr.  Davis,  'W’ho  .showed  it  to  me ;  but  I  had  then  no 
opportunity  of  determining  to  what  bird  it  belonged.  It  'will  be  noticed  that 
among  these  Siwalik  bird-remains,  those  of  Argala  falconeri  are  the  most  common, 
and  that  the  great  majority  of  the  known  bones  belonged  to  birds  of  large  size. 

^  niyaQ-aXoQ,  fTKiXoi,  upris. 

’  Kec.  Geol.  Surv.  India,  Vol.  IX,  p.  104. 
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Tills,  I  tliiiik,  can  only  be  accounted  for  by  the  larger  bones  being,  firstly,  more 
likely  to  escape  destruction,  and  secondly,  being  more  likely  to  be  obtained  by  col¬ 
lectors.  We  are  not  therefore,  from  the  paucity  of  small  bird-bones,  to  argue  that 
the  smaller  birds  were  not  fully  represented  in  the  Siivalik  fauna,  any  more 
than  in  the  case  of  the  small  mammals,  of  which  the  remains  are  likoAvise  extreme¬ 
ly  rare.  Since  bird.s,  as  a  rule,  are  of  far  inferior  size  to  mammals,  it  is  only 
natural  to  expect  that  the  discovered  fossil  bones  of  the  former  should  only  pre¬ 
sent  a  very  small  percentage  of  those  of  the  latter. 

With  regard  to  the  Siwalik  tarso-metatarsus  stated  by  M.  Milne-EdAvards 
to  indicate  a  bird  closely  allied  to  the  living  Tropic  birds  {Phaeton),  it  seems 
incredible  that  a  bird  of  that  essentially  oceanic  genus  could  haA'e  lived  in  tho 
land-locked  Siwalik  country.  The  difficulty  may  perhaps  bo  got  over  by  calling 
in  question  the  authenticity  of  the  locality  of  the  bone,  of  Avhioh  there  seems  no 
certain  history. 


Notes  of  a  tour  through  Hangravg  and  Spiti,  hg  Colonel  C.  A.  McMahon. 

Circumstances  OA^er  Avhich  I  had  no  control  delay^ed  my  departure  from 
Simla  so  long,  that  the  time  at  my  disposal  Avas  only  sufficient  to  enable  me  to 
make  road-side  observations  by  the  Avay'.  I  could  only  devote  one  halt  to  ex¬ 
plorations  off  the  road. 

In  my  last  paper  (Rec.  Gool.  Surv.,  X,  p.  204)  I  described  the  rocks  of  tho 
Upper  Sutlej  as  far  as  Jangi,  and  I  noAV  proceed  to  describe  the  section  from 
that  place  to  Spiti,  via  the  Ruhang  and  Hangrang  passes. 

The  dip  of  the  schists  and  central  gneiss  betAveen  Pangi  and  Jangi  varies 
from  north-east  to  ea.st-north-east.  BetAveen  these  places,  as  described  in  my 
last  paper,  frequent  intrusions  of  granite  culminate  in  an  eruption  on  a  grand 
scale;  the  granite  constituting  the  core  of  the  Gongra  ridge,  and  extending  in  a 
north-westerly  direction  from  near  tho  confluence  of  the  Todoong  Gar  river 
Avith  tho  Sutlej,  to  Lepi.  AVhether  it  extends  beyond  Lepi  I  do  not  know.  The 
rocks  fringing  this  central  granitic  core,  and  forming  the  minor  ridg'es  of  tho 
Gongra  range,  are  mica  schists.  On  leaving  Jangi  (elevation  8,850  feet)i  the 
dip  is  at  first  flat,  but  as  Lepi  (elevation  8,880  feet)  is  neared,  a  Avest-south-wost 
dip  is  set  up.  Between  Lepi  and  the  top  of  the  Ruhang  pass  (eloAution  14,354 
feet,  T.  S.)  the  dip  A'aries  from  north-north-east  to  north-west.  The  rocks,  Avhich 
at  first  are  silicious  and  micaeeou.s  schists,  gradually  get  more  and  more  slaty, 
and  finally  pass  into  unmitigated  slates  with  a  grey  streak. 

Whether  there  is  a  gradual  transition  from  metamorjihic  ciystalline  rocks 
to  clay  slates — the  one  gradually  passing  into  the  other — or  Avhether  the  transition 
is  merely  apparent,  I  cannot  positively  state.  It  W'ould  require,  I  think,  a  care¬ 
ful  detailed  survey  of  the  ground  to  decide  the  que.stion  definitely.  It  is  impos- 

*  The  elevations  given  are  generally  those  shown  hy  iny  aneroid  barometer ;  when  the  trigono¬ 
metrical  survey  elevations  are  given,  tho  lettin's  T.  S.  are  affixed. 
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sible  for  a  Himalayan  traveller,  witb  a  long  and  toilsome  march  before  him,  to 
crack  every  piece  of  rock  he  sees,  and  scrutinize  it  minutely ;  and  when  rocks  on 
their  weathered  surface  give  no  outward  indication  of  a  change,  it  would  be  quite 
possible,  I  imagine,  to  miss  the  border  line  between  slaty  micaceous  or  slaty 
silicious  schists  on  the  one  side,  and  micaceous  or  silicious  slates  on  the  other. 
The  difficulty  is  increased  not  only  by  the  fact  that  some  metamorphic  rocks  in 
this  area  closely  resemble  in  external  appearance  the  sandstones  and  slates  of 
the  palasozoic  series  in  contact  with  them,  but  also  from  the  circumstance  that 
both  series  have  been  alike  affected  by  comparatively  I'ecent  disturbances. 

I  have  no  note  of  any  granite  veins,  and  I  feel  sure  I  did  not  see  any  in  the 
schists  at  Lepi.  I  see  no  reason  to  suppose  that  the  intrusion  of  the  Gongra 
gi'anite  (which  I  believe  to  be  albite  granite)  occurred  at  a  later  period  than 
the  albite  granite  of  other  sections ;  and  I  do  not,  therefore,  think  that  the 
metamorphism  of  the  schists  at  Lepi  can  be  explained  by  referiing  it  to  the  rise 
of  the  granite. 

A.t  the  top  of  the  Ruhang  pas.s  the  dip  changes  to  south-south-west,  and  the 
angle  of  dip  is  high  all  the  way  down  to  Scingnam  (elevation  9,620  feet).  The 
rocks  resemble  the  slates  and  fine  .sandstones  of  the  Simla  slate  series. 

At  Sungnam,  the  slates,  which  are  here  neai'ly  perjiendicular  (dip  extremely 
high  to  west- by-south),  are  of  a  light  grey  color  ;  but  on  the  way  up  the  Hangrang 
pass  they  get  darker  in  color,  and  become  like  the  Simla  slate  beds  that  so  much 
resemble  some  of  the  nummulitic  clays.  At  an  elevation  of  10,160  feet,  the 
northerly  dip  is  recovered  by  a  sharp  and  fractured  anticlinal,  along  which  some 
of  the  beds  above,  dipping  uoiih-east,  seem  to  have  been  pushed  over  the  beds  on 
the  south-west  side  of  the  anticlinal. 

At  an  elevation  of  11,050  feet,  the  slates  teiuninate  suddenly,  their  junction 
with  the  rocks  above  them  being  masked  by  a  side  stream,  running  down  from 
the  top  of  the  Hangrang  pass.  On  the  other  side  of  this  stream,  pink  lime¬ 
stone  appears,  in  beds  of  from  1|  to  2|  feet  in  thickness.  There  are  probably 
from  300  to  400  feet  of  them. 

When  first  seen  the  pink  limestones  apparently  dip  north-north-west,  biit 
this  rapidly  subsides  into  a  north-east-by-north  dip.  These  beds  are  overlaid 
conformably  by  pui-ple  calcareous  indurated  clays  that  break  under  the  hammer 
into  lumps,  and  not  into  .slaty  slices.  Over  the.se  is  a  .small  outcrop  of  a  slate 
with  a  dark  streak,  which  is  overlaid,  at  an  elevation  of  12,000  feet,  by  a  thin 
bed  of  dark-blue  limestone.  Then  follow,  in  the  ascending  order,  dark  slates 
that  break  into  acicular  fragments.  They  reminded  me  so  much  of  the 
argillaceou.s  beds  exposed  on  the  eastern  side  of  the  Krol  mountain^  that  it 
needed  the  test  of  acid  to  satisfy  me  that  they  wei-e  not  calcareous.  At  an 
elevation  of  12,300  feet  these  slates  give  place  to  dark-blue  compact  limestones, 
for  the  most  part  in  beds  of  half  a  foot  to  two  feet  in  thickness,  and  they  continue 
up  to  the  top  of  the  pas.s  (elevation  14,630  feet).  A  bed  of  greenstone  occurs 
in  them. 

1  Mem.  G.  S.  I.,  Vol.  Ill,  pt.  2,  p.  21. 
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Judging  from  tlie  talus,  I  am  under  the  impression  that  tlie  rocks  on  the 
south-east  side  of  the  pass,  namely,  in  the  direction  of  the  Thagiriga  trigonomet¬ 
rical  station,  consist  of  slates  faulted  against  the  limestones  ;  but  I  had  no  time 
to  scale  these  cliffs  to  examine  them.  On  the  north-west  side  of  the  pass,  and 
down  to  Hango  (elexation  11,500  feet),  the  lime.stones  continue;  the  north-easterly 
dip  cliange.s  near  the  summit  of  the  pass  to  a  low  west-north-west  dij),  pi'oduciiig, 
when  the  beds  are  viewed  from  below,  an  a23peai"Ance  of  unconformity. 

On  the  descent,  at  an  elevation  of  13,400  feet,  clay  slates  ro-appear,  dipping 
.south-west.  From  this  point,  owing  to  gi’eat  contortion,  the  lime.stones  and  slates 
alternate  several  times,  being  sometimes  jjeipeudicular,  at  others  dijjj'ing  south- 
south-west.  Near  the  bottom  of  the  descent,  a  compact  quartzite  becomes 
prominent,  sometimes  jDei’pendicular,  sometimes  dipping  south-west-by-south. 
In  color  it  varies  from  a  bluish  to  a  pinkish-white.  Close  to  Hango,  as  another 
result  of  contortion,  the  thin-bedded  limestones  and  slates  re-appear,  having  an 
extremely  high  (nearly  perpendicular)  north-east  dip. 

The  quartzites  above  described  and  the  thin-bedded  limestones  at  the  top  of 
the  pass  belong,  I  apprehend,  to  the  Krol  formation.  I  doubt  if  hand  specimens 
could  be  distinguished  from  those  taken  from  the  Krol  mountain  itself.  Most  of 
the  beds  weather  a  dark  blue,  but  some  brown.  The  rock  abounds  in  white 
calcite  markings,  similar  to  those  so  common  in  typical  Krol  I’ocks.  The  purple 
calcareous  clays  1  have  described  as  occurring  on  the  south  side  of  the  jiass 
reminded  me  of  the  jmrplish-red,  sometimes  calcareous  clays  of  the  Krol  and  Boj. 

Proceeding  onwards  towards  Leo  on  the  Spiti  river,  the  first  rock  seen  on 
leaving  Hango,  and  which  dips  north-east,  is  a  highly  silicious  white  limestone 
(weathering  white)  with  a  faint  shade  of  green  in  it,  due  a^qiaivmtly  to  the 
presence  of  a  little  chlorite.  On  the  weathered  surface  I  saw  what  looked  like  a 
cast  of  Nautilus  spitimisis,  only  about  half  the  size  of  that  ligured  in  Plate  IV, 
Memoirs  vol.  Y,  as  one  of  the  Lilang  fossils.  It  seemed  to  vanish  into  nothing 
when  examined  with  the  aid  of  a  lens,  and  broke  into  2)ieces  on  the  first  ajjjdi- 
cation  of  the  hammer,  leaving  me  in  a  2)ainful  state  of  doubt  whether  I  had  seen 
a  real  fossil  or  not. 

The  limestone  just  described  is  overlaid  by  a  hard  silicious  dull  jnnki.sh- 
white  limestone  that  weathers  a  dull  red-brown.  It  miglit  easily  be  taken  for  a 
quartzite,  but  it  effervesces  slightly  with  acid  (strongly  when  jiowdercd),  and  a 
qualitative  analysis  of  it  shows  that  it  contains  a  good  deal  of  lime  and  some 
magnesia.  A  thin  slate  is  intercalated  with  these  limestones.  There  are  some 
hundreds  of  feet  of  these  rocks,  but  I  cannot  say  exactly  liow  thick  they  m-e,  as 
the  hill  side  i.s  obscured  by  talus  for  some  miles.  The  reddish-weathering  lime¬ 
stone  appeared,  from  blocks  that  had  fallen  down,  to  be  overlaid  by  a  bluish- 
white  quartzite. 

As  I  journeyed  onwards  the  north-east  dip  appeared  to  flatten  and  then  to 
change  temporarily  to  east-south-east,  the  change  of  dip  bringing  dow'n  to  the 
road  dark-blue  limestones  resembling  those  at  the  to]i  of  the  Ilangrang  pa.ss. 
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The  white  limestones  at  Hango  are,  I  apprehend,  the  same  rocks  as  the  pink 
limestones  on  the  south  side  of  the  pass. 

Tnrthcr  on,  at  a  point  where  the  road,  having  rounded  a  spur,  winds  into 
the  mountain  side,  slates  re-appcarcd  dipping  west.  As  the  silicious  limestones 
did  not  crop  out  between  the  blue  limestones  and  the  slates,  I  presume  they  were 
hidden  by  the  talus,  which,  at  the  level  of  the  road,  is  very  abundant  along 
this  section.  As  the  crystalline  series  Avas  neared  I  came  to  a  pale  bluish-white 
slate  weathering  a  bright  yclloAvish  ochre  color  in  irregular  patches.  Associated 
with  the  latter  was  a  thin  bed  of  dark  slate,  in  some  places  as  black  as  coal. 

From  these  rocks  I  passed  by  a  sudden  transition  to  the  crystalline  series. 
The  change  takes  place  just  W'here  the  road  from  Hango  rounds  the  edge  of 
the  Tinga  ridge,  at  an  elevation  of  11,500  feet,  before  the  commencement  of  the 
descent  to  Leo.  The  slates  rest  up)on  the  crystalline  rocks,  and  no  material 
change  of  di^  rvould  he  observed  in  passing  from  the  one  series  to  the  other. 

The  crystalline  series  extends  from  the  point  indicated  up  to  (and  probably 
beyond)  the  Para  river,  but  at  and  beyond  Change,  as  will  be  shoAvn  further  on, 
they  are  OA'erlapped  bj^  pink  limestones  and  calcareous  slates.  The  lowest  beds 
in  the  crystalline  series  at  Leo  are  massive  quartzites ;  these  are  followed  by 
thin-bedded  white  and  bluish-Avhite  qitartzitos,  with  some  beds  of  mica  schists. 
Higher  up  in  the  series  the  mica  schists  become  more  prominent.  Some  of  the 
latter  are  fine-grained  silicious  rocks,  shotving  no  mica  on  the  Aveathered  surface. 

The  crystalline  rocks,  quite  up  to  their  junction  wdth  the  unaltered  rocks, 
are  riddled  through  and  through  by  dykes  and  veins  of  albite  granite,  varying 
in  thickness  from  about  30  feet  to  the  fraction  of  an  inch.  The  granite  is 
undoubtedly  intrusive.  It  may  be  seen  throughout  the  crystalline  series  betAA’cen 
Leo  and  Chango,  from  the  bed  of  the  Spiti  river  up  to  the  tops  of  the  highest 
peaks,  profusely  penetrating  the  strata  in  all  directions  ;  sometimes  darting  across 
them  in  long  zigzags,  like  forked  lightning ;  at  others,  folloAving  the  line  of 
bedding  for  some  distance,  and  then  either  dwindling  aAA'ay  into  thin  strings,  or 
terminating  suddenly  to  burst  out  in  adjacent  strata  Avdth  redoubled  force. 

The  granite  in  the  gneiss  in  the  vicinity  of  Chango  has  already  been 
identified  as  albite  granite  (Memoirs,  vol.  V,  p.  154).  It  presents  all  the 
characteristics  of  the  intrusive  albite  granite  of  the  Wangtu  section  of-  the 
Sutlej  Amlley,  being  a  mixture  of  quartz,  muscovite,  schorl,  and  a  snoAv-Avhite 
felspar  {occasionally  shoAA'ing  triclinic  striations)  that  scarcely  Aveathers  at  all. 
When  the  schorl  is  sparsely  scattered  through  the  rock,  the  muscovite  is  plentiful 
and  in  good  sized  packets  or  leaves,  but  Avhen  the  black  tourmaline  is  abundant, 
the  muscovite  becomes  A'cry  subordinate  and  dwindles  to  thin  flakes  of  small  size. 
In  some  places  the  schorl  is  profusely  scattered  through  the  rock,  in  irregularly 
shaped  fragments. 

Hoar  Chango  I  found  cj'anite  in  mica  schists.  It  was  of  beautiful  cobalt 
blue,  shading  into  a  pearly  Avhite,  but  the  blades  Avere  not  nearly  so  large  as  those 
of  the  mineral  found  in  the  central  gneiss  near  Wangtu.  In  the  same  locality 
Ihcre  AA'cre  some  chiastolite  schists  near  granite. 
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I  first  met  witli  gneiss  within  a  few  miles  of  Chango.  It  showed  again 
between  the  latter  place  and  the  Para  river,  and  on  the  hanks  of  that  stream. 
Dr.  Stoliczka  identified  the  gneiss  on  the  loft  bank  of  the  Para  river  as  the 
central  gneiss  (Memoirs,  vol.  V,  p.  16),  and  though  I  saw  none  porphj^ritic  in 
structure,  I  do  not  doubt  the  correctness  of  the  identification.  That  the  crys¬ 
talline  rocks  I  have  described  belong  to  the  central  gneiss  series  may,  I  think,  be 
accepted  on  the  evidence  of  their  crystalline  stractui’e,  and  the  j^resenco  in  them 
of  cyanito  and  inti’usive  albite  granite,  characteristic  features  of  the  typical 
Wangtu  section.  The  dip  of  the  crystalline  rocks  at  Leo  is  west- by-north,  but  this 
changes  gradually  to  west-south- west,  and  finally  at  Chango  to  south-west. 

About  rivo  miles  south  of  Chango  a  I’idgo  of  limestone  rocks,  the  dip  of 
which  varies  from  south- wpst-by-south  to  south,  I’uns  up  from  the  Spiti  river 
and  abuts  on  the  crystalline  series  just  where  the  road  from  Leo  to  Chango 
crosses  the  ridge.  At  this  point  the  dip  is  south-west-by-south.  The  limestones 
consist  of  thin-bedded,  2^ale  blue  and  cream-colored  beds,  weathering  from  a  jiale 
pink  to  a  yellow  ochre  color,  intercalated  with  dark  blue  calcareous  slates.  The 
latter  effervesced  freely  wdth  acid  wherever  I  tested  them,  but  they  break  up 
into  small  thin  slices,  and  look  more  like  slates  than  limestones. 

In  a  cliff  overhanging  the  Sj)iti  river,  I  found  what  appeared  to  be  coralline 
remains  in  the  jpale  blue  limestone ;  but  they  were  in  bad  preservation  and  have 
not  been  identified. 

In  the  bed  of  a  stream  to  the  east  of  Chango  and  between  the  latter  village 
and  the  ridge  above  described,  and  also  at  the  village  of  Chango  itself,  some  hard 
dark  slates  are  exposed.  Dr.  Stoliczka  also  mentions  (Memoirs,  vol.  N,  p.  19) 
the  occuiTence  of  silurian  slates  opposite  Shalkar.  The  slates  dip  under  the 
limestones. 

On  the  north  side  of  Chango  the  limestones  distinctly  overlaps  up3on  the 
ciystalline  series.  To  the  north-east  of  the  village,  where  two  imgation  channels 
“takeoff,”  as  engineers  say,  from  the  stream  flow^ing  dowm  from  between  the 
Kakthai  and  Kungi-ang  trigonometrical  stations  to  the  Sputi  river,  the  crystalline 
series  is  to  be  seen  in  contact  with  the  pink  limestones  and  dai’k  calcareous  slates. 
Ihe  mica  schists  are  riddled  with  albite  giunite  veins  upj  to  the  point  of  contact. 

The  limestones  overlap  the  schists ;  and  though  the  pffane  of  contact  dipjs  at 
a  high  angle,  the  junction  of  the  two  series  of  rocks  is  evidently  not  a  faulted  one, 
for  about  a  mile  lower  down  the  stream,  the  crystalline  series  again  crops  up  and 
forms  a  cliff  overhanging  the  river ;  the  identity  of  these  rocks  here  with  those 
higher  upt  the  stream  being  established  by  the  presence  of  twm  albite  granite 
%'eins  in  the  cliff  alluded  to.  Durther  evidence  of  the  fact  that  the  limestones 
overlap  the  crystalline  series  w'as  obtained  as  I  journeyed  onwards  along  the  lino 
of  strike. 

From  Change  (elevation  10,15C  feet)  up  to  the  top  of  the  Chandan  Namo 
ghat'  (elevation  12,340  feet),  the  rocks  consist  of  similar  linicstonos  to  those 


'  Marked  Ga  station  on  tlio  map.  It  is  opposite  Slialkar, 
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described  as  occun-ing  in  tbe  ridge  south  of  Cliango ;  in  both  i-idges  white  and 
grey  quartzites  occur  in  connection  w  ith  them ;  but  the  whole  hill-side  is  covered 
with  talus,  and  only  little  outcrops  of  rocks  in  situ  are  seen  here  and  there.  The 
pink  limestones  at  the  commencement  of  the  ascent  dip  north-north-east  and 
novth-by-east,  but  the  dark  calcareous  slates  are  generally  vertical  or  dip  about 
in  all  directions.  At  the  bridge  over  the  Chadaddokpo  the  crystallines  (mica 
schists  and  gneiss  well  riddled  with  albite  granite  as  usual)  re-appear  in  force 
on  both  banks  of  the  stream.  They  appeared  to  extend  a  considerable  way 
down  the  stream.  Dip  here  north-west  by -w'est.  On  rising  from  the  bed  of 
the  river  I  came  again  to  unaltered  whitish  blue  limestones,  whilst  beyond,  in 
the  same  line  of  strike,  the  mica  schists  and  granite  re-ajjpeared.  In  the  bed  of 
the  Para  river  the  gneiss  is  so  riddled  with  granite  that  its  metamoi’phic  charac¬ 
ter  is  nearly  obliterated. 

Proceeding  w^estwards  from  the  camping  ground  on  the  banks  of  the  Para 
river  (elevation  10,580  feet)  the  rocks  are  at  first  white  quartzites  dipping  east- 
by-south  ;  then  follow  compact  blue  slaty  limestones,  and  then  a  pale  salmon  pink 
limestone  weathering  a  light  ochi’e  brown.  The  blue  beds  break  up  into  thin 
slatj'  slices,  and  the  whole,  no  doubt,  are  a  continuation  of  the  beds  seen  at 
Change.  They  continue  over  the  ridge  down  to  the  Ghu  river.  As  the  stream 
is  neared  the  white  quartzite  seen  on  the  banks  of  the  Para  re-appears,  dipping 
east-north-east  and  north-east-by-east.  It  w-eathers  a  reddish-brown.  Below  it 
are  grey  quartzites,  and  below  the  latter,  in  the  bed  of  the  stream,  is  a  pale 
wdiitish-grey  slate  sufficiently  soft  for  a  knife  to  cut  well  into  it. 

The  pink  limestones  and  calcareous  slates  in  contact  with  the  crystalline 
series  at  Change  arc,  I  appiehend,  identical  with  the  pink  limestones  and  slates 
seen  at  Hango ;  but  I  feel  some  difficulty  at  present  in  giving  a  name  to  them. 
They  are  above  the  Silurian  slates  (ovej-lapping  them  and  resting  on  the 
crystallines  at  Cliango),  and  are  overlaid  by  the  dark  Lilang  limestones  at  the 
Hangrang  pass  and  Hango.  They  apjiear  to  occur  again,  as  wdll  be  mentioned 
further  on,  in  the  same  order,  between  Losai  and  the  Kanzam  pass.  I  think 
they  answer  best  to  the  Muth  middle  beds,  wdiich  Dr.  Stoliezka  correlated 
with  the  Blaini  limestone  of  the  Simla  area  (Memoirs,  vol.  V,  j),  141),  and 
in  coloring  the  accompanying  map,  I  have  jjrovisionally  classed  them  as  Muth 
middle  beds.  Very  often  both  the  weathered  and  fractured  surfaces  of  the  jiale 
blue  and  pink  limestones  reminded  me  of  the  Blaini  limestone  of  the  Simla  area 

I  considered  it  right  to  note  (page  59)  that  I  saw  at  Hango  what  had  the 
resemblance  of  a  triassic  fossil,  but  unless  and  until  other  triassic  fossils  are  found 
in  the  pink  limestone  beds,  I  do  not  think  it  would  be  safe  to  attach  importance 
to  the  circumstance. 

Proceeding  onwards  towards  Huling,  the  road  leads  over  what  apjiears  to  be 
a  continuation  of  the  same  series  for  a  short  distance,  when  these  rocks  are 
suddenly  cut  off,  apparently  by  a  fault  with  no  great  throw  ;  the  road,  which 
follow’S  the  line  of  strike,  passing  suddenly  from  white  quartzites  to  silky  slates 
containing  some  beds  of  very  pale  blue  limestones  (both  weathering  reddish- 
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brown),  being  tbe  beds  of  the  Bhabeh  series  described  by  Dr.  Stoliczka  at  p.  19, 
vol.  V,  Memoirs. 

These  rocks  at  first  dip  north-west,  but  eventually  round  to  west-by-north  ; 
the  change  being  marked  by  a  great  contortion  amongst  the  upper  rocks  on  the 
left  bank  of  the  Spiti.  The  silky  slates  are  succeeded  by  rocks  higher  in  the 
series;  those  described  at  p.  20  of  Dr.  Stoliczka’s  Memoir,  beds  of  light 
colored  quartzites  and  quartzite  sandstones  intercalated  with  dark  slates  that 
splinter  into  small  thin  slices.  The  debris  of  these  slates  imparts  a  very  dark 
tint  to  the  mountain  sides,  especially  when  seen  from  a  distance,  but  whenever  T 
tested  them  I  found  that  they  had  a  pale  grey  streak. 

These  beds  on  the  Spiti  river,  between  Hnling  and  Po,  have  the  same  coloring 
in  the  accompanying  map  as  the  slates  south  of  Leo  and  of  the  Kanzam  pass  ; 
but  in  both  of  these  latter  regions  they  more  closely  resemble  the  slate  series  of 
the  Simla  area ;  and  I  was  unable  to  decide  from  the  cursory  survey  of  tlie  rock.s 
along  the  route  I  followed,  whether  the  difference  in  the  character  of  the  beds  is 
due  to  alteration  in  their  lateral  extension,  or  whether  they  occupy  a  different 
horizon  in  the  palaeozoic  series.  From  Dr.  Stoliczka’s  remarks  at  page  21  of  hi.s 
Memoir,  he  would  appear  to  have  held  the  former  view,  and  I  think  it  is  probably 
the  right  one,  but  the  point  can  only  be  satisfactorily  determined  by  the  survey 
of  a  wider  area  than  I  had  an  opportunity  of  visiting. 

Near  Lari  the  strata  become  vertical  for  a  .short  distance,  and  here  I  observed 
a  thick  bod  of  the  contemporary  greenstone  described  by  Dr.  Stoliczka  as  occur¬ 
ring  in  the  palaeozoic  formation  of  Spiti  (Memoirs,  vol.  V,  p.  20).  For  some 
distance  beyond  Lari,  angular  blocks  of  this  rock  on  the  road  side  attested  its 
presence  in  the  cliffs  above,  but  if  it  again  dip  down  to  the  level  of  the  road.s, 
the  outcrop  must  be  buried  under  talus,  as  I  did  not  see  the  rock  in  situ  again. 

From  Lari  onwards  I  did  not  observe  any  material  change  in  the  character  of 
the  rocks  until  nearing  the  point  where  the  river  Spiti  takes  a  sudden  north-west 
turn  near  Mani.'  Here  the  strata  suddenly  dipping  down  to  the  river  and  rising 
on  the  opposite  side  form  a  sharp  synclinal,  along  the  axis  of  which  the  Spiti 
river  runs  for  many  miles.  To  the  south-east  the  synclinal  can  be  seen  dying  out 
among  the  peaks  overhanging  the  Manirang  pass,  whilst  to  the  north-west  it  may 
be  traced  for  about  ten  miles  beyond  Dhankar,  the  bottom  of  it  rising  higher  and 
higher  and  fading  away  in  the  mountains  on  the  right  bank  of  the  Spiti. 

This  sharp  bend  in  the  strata  brings  down  the  upper  rock.s,  and  amongst  them 
I  observed  a  conglomerate,  in  a  cliff  overhanging  tbe  road  on  the  left  bank. 
There  is  about  40  feet  of  it.  The  matrix  is  a  brown  slaty  rock  ;  and  it  contains 
numerous  pebbles  of  white,  grey  and  reddish  quartzite  of  iiregular,  rounded  and 
subangular  shapes.  The  largest  I  saw  was  about  4  inches  in  diameter. 

This  rock  resembles  the  Blaini  conglomerate  of  the  Simla  area.  On  the  con¬ 
glomerate  rests  a  limestone  containing  numerous  fossils,  but  in  such  bad  preserva¬ 
tion  that  none  have  been  clearly  identified.  This  was  followed  in  the  ascending 


^  Mani  is  ou  the  right  hank  helow  Dhankar. 
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ordoi'  by  a  brown  sandstone  which  doubtless  belongs  to  Dr.  Stoliezka’s  carbonifer¬ 
ous  series.  Then  came  talus,  then  slates  followed  by  limestones  interbedded  with 
slates,  and  finally  massiye  blue  compact  limestone  (Lilang),  weathering  blue  and 
brown  in  irregular  patches. 

The  Lilang  limestones  which  are  exposed  from  this  point  almost  the  whole 
way  up  the  valley  arc  very  like  typical  Krol  rock.  In  color,  in  the  thickness  of 
their  beds,  and  in  often  containing  tortuous  white  calcite  markings,  they  much 
resemble  the  rocks  of  that  series.  As  I  have  described,  the  Lilang  limestones  of 
the  Spiti  valley,  and  the  dark  limestone  seen  at  the  toj)  of  the  Hangrang  pass,  as 
both  resembling  typical  Krol  rocks,  I  need  pei’haps  hardly  add  that  they  also 
closely  resemble  each  other.  In  the  absence  of  fossil  evidence  to  the  contrary, 
I  conclude  that  the  upper  Hangrang  beds  belong  to  the  Lilang  series. 

I  may  mention  in  passing,  that  I  saw  the  conglomerate  again  a  few  miles 
beyond  Dankar,  on  the  left  bank  of  the  Spiti,  a  few  feet  only  above  the  bed  of 
the  stream.  A  considerable  thickness  of  a  light  colored  calcareous  sandstone 
containing  pebbles  similar  to  those  in  the  conglomerate  opposite  Mani  is  overlaid 
by  a  brown  slaty  rock,  also  containing  similar  pebbles.  This  conglomeratic 
sandstone  is  composed  of  grains  of  unequal  size  cemented  together  with  carbonate 
of  lime  and  earthy  matter  exhibiting  rusty  reddi.sh  spots  on  the  fractured  surface. 
It  ap]Dears  to  have  been  squeezed  up  from  below  the  strata  at  the  point  indicated, 
having  been  subjected  to  great  strain  and  contortion. 

The  section  from  Dankar  up  the  Spiti  is  described  at  pp.  26,  33  of  Dr. 
Stoliezka’s  Memoir,  and  it  appears  from  the  remarks  at  p.  33  that  between  Losar 
and  the  Kunzam  pass,  the  section  is  a  repetition  of  that  described  by  Dr.  Stolicz- 
ka  between  Muth  and  Kuling.  At  the  point  where  the  road  turns  up  the  Lichu 
valley  between  Losar  and  the  Kanzam  pass,  I  observed  a  thick  bed  of  pink  lime¬ 
stone  ;  but  as  a  storm  of  two  and  half  days’  duration  had  covered  the  whole 
coimtry  with  snow,  and  inflicted  on  me  a  sharp  attack  of  snow- blindness,  I  was 
unable  to  explore  this  locality  in  detail. 

The  slates  re-appeared  near  the  Kanzam  pass.  From  the  top  of  the 
pass  (elevation  14,931  feet,  T.  S.),  down  to  Katza,  a  halting  place  where  the 
Chota  Shigri  river  joins  the  Chandra,  they  resemble  typical  Simla  slates.  Dip 
north-east-by-north.  On  the  left  bank  at  Katza  the  dip  suddenly  changes  to 
very  high  soirth-south-west,  and  the  slates  are  more  silicious,  and  some  of  them 
have  a  micaceous  glaze  previously  absent.  The  central  gneiss  ajipears  Avitli 
the  Bara  Shigri  river,  and  huge  blocks  of  it  form  a  prominent  feature  in  the 
moraine  of  the  Shigri  glacier.  As  I  was  making  forced  marches  over  heavysnow, 
I  could  not  linger  to  explore  this  interesting  neighbourhood,  but  Dr.  Stoliezka 
states  (p.  15  of  Hemoir)  that  “  the  boundary  of  the  gneiss  and  of  the  overly hf 
Silurian  rocks  ”  may  bo  seen  on  a  stream  north  of  the  Shigri  glacier,  six  miles  in 
a  straight  line  south  of  the  Kanzam  pa.ss.  The  Chota  Shigri  is  probably  the 
stream  indicated. 


*  See  also  p.  17  and  p,  311  of  Vol.  V. 
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The  Sliigri  moraine  passed,  the  talus  of  the  mountains  on  tlie  left  bank  of  tlic 
Chandra  consists  of  nothing  hut  blocks  of  central  gneiss,  and  finally  that  rock 
itself  crops  out  in  situ  on  the  road  side. 

The  absence  of  blocks  of  foreign  rocks,  I  notice  in  passing,  is  hardly  favour¬ 
able  to  the  view  that  the  glaciers  of  the  upper  Chandra  became  confluent  and 
flowed  down  the  valley  in  recent  geological  times. 

The  central  gneiss  of  the  Chandra  valley  is  often  granitoid,  and  is  penetrated 
by  the  albite  granite  (Memoirs,  vol.  V,  p.  170).  It  extends  to  near  the  top  of  the 
Hampta  pass  (elevation  14,000  feet),  where  mica  schists  show  under  it,  dipping 
north-west.  Descending  into  the  Kulu  valley  the  gneiss  shows  for  a  considerable 
way,  when  it  is  succeeded  by  mica  schi.sts.  The  dip  fiat  on  the  top  of  the  2ias,s, 
gradually  veers  round  to  west,  and  this  again  brings  down  the  gneiss.  The  dij?, 
which  is  usually  low,  wavers  about  sometimes  in  one  direction  and  sometimes 
in  another,  being  south-east  at  Jagatsukh  and  north-east  at  Dwara. 

The  continuance  of  the  central  gneiss  in  the  micaceous  and  silicious  schist 
beds,  up  to  a  mile  north  of  Naggar,  is  attested  by  the  presence  of  angular  blocks 
on  the  road  side  that  have  tumbled  down  from  cliffs  above.  From  this  point  to 
Bajaura  the  metamorjihic  rocks  consist  principally  of  a  dull  brown  mica  schist, 
that  smells  earthy  on  the  fractured  surface,  and  generall}  does  not  show  any 
indication  of  mica  on  its  weathered  surface. 

The  section  between  Sultanjmr  and  Narkanda  has  been  described  by  Mr.  Mcd- 
licott  (Memoirs,  vol.  Ill,  p.  o7),  but  I  may  briefly  note,  to  compilete  this  sketch, 
that  the  Sutlej  valley  limestones  suddenly  cro^J  uj)  about  a  mile  south  of  Bajaunr, 
and  abrupitly  disaj)jioar  about  two  and  half  miles  nordh  of  IVlanglaur,  where  schists 
similar  to  those  described  as  occurring  between  Naggar  and  Bajaura  rc-apiJcar. 
The  gneiss  shows  in  foreo  several  times  between  Kot  and  Dulash,  and  frequently 
from  thence  down  to  the  bed  of  the  Sutlej.  On  the  Kotgarh  side,  the  dip  coin¬ 
ciding  with  the  slojje,  it  is  the  only  rock  seen  for  1,900  feet  of  vertical  height 
above  the  river.  From  this  point  to  within  a  few  miles  of  Mattiana  the  rocks 
consist  of  schists  similar  to  those  south  of  Naggar  in  the  Kulu  valley. 

The  “graphitic  schists  ”  on  the  noiih  side  of  the  Jalori  pass*  arc  very  similar 
to  rocks  seen  I’ound  Kotgarh,  and  between  the  latter  jilace  and  the  Nogli  river 
south  of  Rarapur.  These  I’ocks  jiuzzlo  me  very  much.  They  are  dark  carbon¬ 
aceous  schists  or  slates  with  a  micaceous  glaze  on  them,  and  by  their  di.sintegration 
make  coal-lflack  earth.  They  are  associated  with  lime.stonc  which  occurs  in  more 
than  one  pflace  on  the  north  side  of  the  Jalori  pass,  and  a  band  of  which  crops  u]i 
in  several  places  under  Kotgarh  and  along  the  Sutlej  valley  up  to  the  Nogli 
river.  Arc  these  Infra- Krol  rocks,  lying  closely  on  the  crystalline  scries,  or  do 
they  belong  to  the  latter  ?  The  former  would  aj)p)ear  to  me  probable. 

But  without  di’awing  any  inference  fi’om  these  doubtful  rocks,  my  observations 
during  the  jjresent  and  jirevious  tours  show  that,  on  the  north  as  on  the  south  of 
the  central  gneiss,  the  ujjper  calcareous  gi'OU^JS  of  the  great  palccozoic  series 
originally  overlapped  the  slaty  scries  and  rested  on  the  crystallines. 

'  Mom.  Cx.  8.  1.,  Vol.  lll/pt,  2,  p,  57. 


1 


66 


Becords  of  the  Geoloykal  Survey  of  India. 


[vOL.  XII. 


Glaciation. 

On  the  top  of  Cliandan  Namo  pass  (close  to  the  Ga  station,  above  Chango), 
i  obsei'ved  a  considerable  number  of  rounded  i-iver  boulders  of  red  quartzite  and 
other  rocks  that  do  not  occur  locally.  The  red  quartzite  was  probably  derived 
from  the  Muth  beds  in  Spiti.  Beyond  and  at  a  lower  level,  I  occasionally  met 
with  rounded  boulders  of  trap,  doubtless  from  the  palseozoic  formation  of 
that  valley  (Memoirs,  vol.  V,  p,  20),  whilst  670  feet  above  the  Para  river,  1 
observed  numerous  horizontal  beds  of  river  conglomerate.  The  boulders  on  the 
top  of  the  Chandan  Kamo  pass  were  undoubtedly  rounded  in  the  bed  of  a  river 
by  the  action  of  the  w’ater,  and  there  are  no  grounds  for  supposing  that  they  w^ere 
ice  borne.  The  only  exjilanation  that  appears  reasonable  to  me  is  that  the  bed 
of  the  Spiti  river  was  formerly  as  high  as  the  top  of  the  Chandan  Name  pass, 
which  is  about  2,400  fcoP  above  the  present  bed  of  the  Spiti  river. 

Dr.  Croll,  in  chapter  XX  of  his  Climate  and  Time,  and  Professor  Geikie  in 
chapter  XXV  of  Juke’s  and  Geikie’s  Manual  of  Geology  (3rd  edition,  1872), 
discuss  the  rate  of  the  erosion  of  rock  surfaces  evidenced  by  the  amount  of  sedi¬ 
ment  annually  carried  down  by  the  river  systems  ;  and  the  rate  of  erosion  at 
which  seven  rivers  specihed  remove  one  foot  of  rock  from  the  general  surface  of 
their  basins  is  said  to  vary  from  6,346  years  in  the  case  of  the  Danube,  and  6,000 
years  in  the  case  of  the.  Mississippi,  to  929  years  in  the  case  of  the  Po.  The  rate 
given  for  the  Ganges  is  one  foot  in  2,3f>8  years. 

Professor  Geikie  takes  “  the  proportion  between  the  extent  of  the  jilains  and 
table  lands  of  a  country  and  the  area  of  its  valleys  to  be  as  nine  to  one,”  and 
assumes  “  that  the  erosion  of  the  surface  is  nine  times  greater  over  the  latter  than 
over  the  former  area.”  If,  adopting  this  principle,  we  assume  that  within  the 
mountain  valleys  of  the  Gangetic  ba.sin  the  erosion  is  nine  times  more  rapid  than 
over  the  rest  of  the  basin,  this  would  make  the  rate  of  erosion  over  the  mountain 
area  one  foot  in  262  j'ears. 

But  the  agents  of  denudation  are  much  more  powerful  within  the  river  basin 
of  the  Ganges  than  within  that  of  the  Sutlej.  The  watershed  of  the  Ganges 
embraces  a  large  area  of  exceptionally  heavy  rainfall,  rising  as  high  as  524  inches 
per  annum  in  the  Khasi  hills,  being  “the  greatest  rainfall  in  the  world,” 
(Huxley’s  Physiograjihy,  p.  48)  ;  and  within  this  area  the  agents  of  denudation 
must  operate  with  exceptional  activity.  The  rainfall  over  the  watershed  of  the 
Sutlej,  on  the  other  hand,  is  comparatively  light,  being  probably  greatest  at 
Simla,  where  the  average  for  15  years,  from  1862-63  to  1876-77,  was  75T  inches. 
As  you  proceed  higher  up  the  Sutlej,  the  fall  decreases,  and  beyond  Wangtu 
becomes  extremely  light. 

1  Measured  by  ray  aneroid  barometer,  tlio  elevation  of  the  S2nti  river  at  Leo  is  9,550  feet,  and 
at  the  confluence  of  the  Glut  river  10,125  feet,  the  distance  between  the  two  jioints,  measured 
straight  across  the  map,  being  1.3  miles.  The  top  of  the  pass  measured  by  my  barometer  is  12,340 
feet.  The  weather  !)eiug  fine  and  cloudless,  there  could  have  been  little  variation  from  climatic 
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Mr.  J.  B.  Lyall,  in  his  settlement  report  of  tlio  Kangra  district  (1874),  states 
(page  164)  that  “light  showers  of  rain  occur”  in  Spiti,  “in  July  and  August; 
and  in  winter,  snow  falls  only  to  the  depth  of  2^  feet.”  As  “  10  inches  of  snow 
rouglily  represents  1  inch  of  rain  ”  (Huxley’s  Physiography,  p.  6J),  21  feet  of 
snow  is  ecp\iv!ilont  to  a  rainfall  of  3  inches.  Bven  on  the  assumption  that  the  fall 
of  snow  on  the  high  peaks  and  passes  is  greater  than  that  mentioned  by  Mr  Lyall, 
the  average  for  the  whole  of  the  Spiti  valley  cannot  he  in  excess  of  10  inches  in 
the  year,  and  the  bulk  of  this  falls  as  snow. 

No  hot  winds  penetrate  to  these  elevated  and  mountain-locked  regions  to 
cause  sudden  thaws  ;  the  clear  frosty  air  is  usually  without  a  cloud,  and  the  snow 
“melts  gently”  (Lyall,  p.  162). 

That  denudation  proceeds  slowly  in  the  region  under  consideration  will,  1 
think,  be  evident  when  we  consider  that  though  the  Spiti  (a  tributary  of  the 
Sutlej)  flows  over  comparatively  soft  limestones  and  friable  slates,  whilst  the  Sutlej 
at  Wangtu  has  to  cut  its  way  for  miles  through  intensely  hard  gi’anitic  gneiss,  yet 
the  bed  of  the  Spiti  opposite  Shalkar  is  still  4,724  feet  above  the  Sutlej  at 
Wangtu,’^  the  distance  between  the  two  points  being  only  45  miles  as  the  crow 
flies. 

The  deepening  of  the  bed  of  the  Satloj  at  Wangtu  must  be  a  very  slow 
process,  but  clearly  the  excavation  of  the  Spiti  valley  is  a  still  slower  operation. 

The  fall  of  the  Sutlej  at  Wangtu  is  about  50  feet  per  mile. 

1  think,  with  reference  to  the  only  data  we  have  to  enable  us  to  form  a  rough 
idea  on  the  subject,  that  the  rate  of  the  deepening  of  the  bed  of  the  Spiti  at  the 
point  under  consideration  is  probably  not  more  rapid  than  1  foot  in  400  years. 
At  this  rate  it  would  require  960,000,  or  in  round  numbers  say  about  one  million 
of  years,^  for  the  excavation  of  the  Spiti  valley  between  Shalkar  and  the  Ga 
station. 

At  the  rate  of  1  foot  in  400  years,  the  total  depth  excavated  in  80,000  years 
would  be  200  feet  only;  so  that  if  the  last  glacial  epoch  terminated  as  recently  as 
80,000  year’s  ago,  the  date  fixed  by  Dr.  Croll  on  astronomical  data  (pp.  325-327, 
Climate  and  Time),  the  Upper  Sutlej  and  Spiti  rivers,  and  the  agents  of  denud¬ 
ation  operating  on  the  slopes  of  their  watersheds,  cannot  have  cfl^accd  the  broader 
marks  of  the  work  done  by  glaciers  during  that  pieriod.  If  then  any  great  increase 
of  glaciation  during  the  last  glacial  epoch  took  place  in  the  region  under  consider¬ 
ation,  we  ought  to  find  decided  traces  of  ice  sculpture  in  our  Himalayan  rrpland 
slopes  and  valleys. 

A  similar  conclusion  appears  to  have  been  arrived  at  by  experienced  geo¬ 
logists  regarding  England.  “  Post-glacial  denudation  generally,”  states  Mr.  Good- 

1  The  Sutlej  at  Wangtu,  116  miles  beyond  Simla,  is  5,200  feet  above  the  sea, 

2  This  is  less  than  half  the  rate  adopted  by  Geihie  for  his  average  valley,  “lor  we  hnd  l)y  a 
simple  piece  of  arithmetic,  that  at  the  rate  of  denudation  which  we  have  just  postulated  as  probably 
a  fair  average,  a  valley  1,000  feet  deep  may  be  excavated  in  1,200,000  years,  a  pei’iod  which,  in  the 
eyes  of  most  geologists,  will  seem  short  enough.”  Juke’s  and  Geikie  s  Manual,  p.  431. 
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child  (Q.  J.  G.  S,,  vol.  XXXI,  p.  99)  “has  afiectcd  so  little,  that  by  far  the 
greater  part  of  the  present  sui’facc-configuration  has  in  one  way  or  another 
resulted  from  the  former  presence  of  the  great  ice  sheet.” 

Bearing  this  prineiide  in  juind,  I  looked  around  me,  during  my  recent  tour, 
for  the  evidences  of  foi-juer  glaciation.  I  do  not  know  whether  any  one  has 
ever  supposed  that  the  Himalayas  were  co\  oi’ed  during  the  last  glacial  j^eriod 
with  an  ice  cap,  but  I  may  note  that  whilst  I  saw  nothing  to  favor  such  an  idea, 
I  saw  much  to  negative  it.  The  contour  of  the  hills  and  valleys  in  those  parts 
of  the  interior  of  the  Himalayas  that  I  have  visited  is  sharp  and  angular,  and 
where  rounded  outlines  are  seen,  they  are  sufficiently  explained  by  the  action  of 
sub-aerial  forces  on  comparatively  soft  and  friable  rocks. 

But  setting  aside  the  idea  of  an  ice  cap,  the  question  romain.s — was  there 
formerly  any  great  extension  of  local  glaciers,  and  if  so,  within  what  limits  ?  To 
this  question  I  answer  that,  whilst  I  saw  evidence  of  the  former  extension  of 
existing  glaciers,  I  saw  nothing  during  my  tour  to  lead  me  to  believe  that  these 
glaciers  had  ever,  within  a  reasonable  geological  period,  extended  lower  than 
11,000  or  12,000  feet  above  the  sea. 

On  looking  dowm  from  a  high  vantage  ground,  deep  narrow  side  r  alloys  may 
be  seen  on  the  Upper  Sutlej,  below  that  level,  in  which  the  course  of  the  streams 
flowing  through  them  is  so  sinuous  that  the  sharp  headlands  formed  by  their 
sudden  bends  interlace  like  the  nuts  of  cogwheels  working  into  each  other. 
The  flow  of  ice  in  a  glacier  being  analogous  to  the  flow  of  water  in  a  river 
and  its  tributaries,  a  grand  glacier  filling  the  valley  of  the  Sutlej  would  not  have 
prevented  the  flow  of  ice  from  the  side  glaciers  into  the  main  glacial  stream. 
But  had  these  side  valleys  ever  been  filled  with  glaciers,  the  sharp  interlacing 
headlands  would  have  been  gradually  worn  down  to  smooth  surfaces,  and  the 
valleys  straightened  and  widened. 

The  only  valley  in  the  Himalayas  I  have  j'et  seen  that  is  shaped  like  a 
glacier  valley  is  the  Spiti  valley.  The  greater  part  of  it  is  more  than  11,000  feet 
above  the  sea,  and  its  bottom,  especially  in  the  upper  half  of  the  valley,  is  broad 
and  flat,  whilst  the  bounding  mountain  sides  rise  abruptly  in  a  wall-like  manner 
at  a  high  angle,  and  send  no  sharp  projecting  spurs  into  the  valley.  But  if,  as 
1  think  highly  probable,  the  upper  portion  of  the  valley  owes  its  shape,  in 
pai't  at  least,  to  the  action  of  ice,  the  period  dui-ing  which  a  glacier  flowed  down 
the  straight  course  of  the  Spiti  river  must  have  been  very  remote ;  for  I  noticed 
about  half  the  way  iip  the  valley  a  side  valley  i^artaking  of  the  character  of  those 
described  above ;  whilst  the  flat  boulder  bed  which,  in  the  upper  ^-alley,  rises  high 
above  the  rivei’,  seems  to  owe  its  origin  in  part  to  the  action  of  the  river,  and  in 
part  to  talus  shot  down  from  the  bounding  cliffs.  It  is  not  of  glacial  Origin. 

I  now  proceed  to  note  the  evidence  which  I  obtained  of  the  former  extension 
of  glacier's.  At  the  head  of  the  Spiti  valley  the  Lichu  river  flows  down  from  the 
peaks  that  surround  the  Kirnzam  pass,  into  the  Spiti.  There  is  probably  a  glacier 
up  the  side  valley  crowned  by  the  snowy  jrcak  20,581  feet  high,  but  there  is  now  no 
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glacier  in  the  Lichu  valley  between  the  Spiti  and  tlie  Kunzam  pass.  About  four 
miles  in  a  straight  line  from  the  top  of  the  Kunzam,  a  spur  from  the  Shilatakar 
peak  runs  down  to  the  Lichu  river,  and  an  ancient  glacier  in  its  course  down  the 
valley  must  have  ridden  over  it.  The  rocks  there,  at  an  elevation  of  14,000  feet, 
arc  thiidy  laminated  slates,  the  dip  of  which  is  pei'joondicular,  and  the  strike  of 
which  points  across  the  vallej'^  at  right  angles  to  M'hat  must  have  been  the  course 
of  the  ancient  glacier.  The  slates  generally  break  up  on  the  surface  in  thin 
flaky  slices,  but  here  and  there  long  patches  of  the  rock  ai’C  •luoutonne'e,  polished 
and  striated.  The  polishing  is  even  now  sufiiciently  perfect  to  oblitoi’atc  all 
traces  of  the  lamination  of  the  slates.  The  striro  are  well  mai'ked ;  they  are 
generally  in  a  direction  of  the  axis  of  the  valley,  though  they  often  cross  each 
other  at  inconsiderable  angles.  As  evidence  of  former  ice-action  nothing  would 
be  more  complete  and  perfect.  The  splinting  friable  slate  on  which  this  ice- 
action  is  recorded  is  the  last  sort  of  rock  on  which  I  should  have  expected  to 
find  it. 

Regai’ding  the  recession  of  glaeicrs,  I  note  that  the  Big  Shigri,  as  evidenced 
by  its  terminal  moraine,  has  shrunk  somewhat ;  but  in  the  case  of  the'  Pirad 
glacier,  the  next  to  the  west  of  the  Bara  Shigri,  the  shrinking  is  very  evident. 
The  road  passes  within  about  quarter  of  a  mile  of  this  glacier,  and  from  either 
side  of  it  a  large  lateral  moraine  may  be  seen  curving  down  the  valley  until  it 
reaches  the  I’iver,  three-quarters  of  a  mile,  or  a  mile,  from  the  present  end  of  the 
glacier. 

Again,  the  head  of  the  valley,  up  which  the  road  to  the  Hamta  pass  lies,  is 
filled  by  a  glacier  that  extends  a  little  below  the  entrance  to  the  pass.  The  old 
terminal  moraine  of  this  glacier  may  now  be  seen  about  one  and  a  half  miles 
lower  down  the  valley,  rising  in  steep  banks  some  50  or  60  feet  above  the  talus, 
shot  down  from  the  sides  of  the  valley. 

About  a  quarter  of  a  mile  below  the  Pirad  glacier,  on  the  side  of  one  of  the 
moraines,  there  is  a  huge  block  of  the  central  gneiss,  well  rounded,  jiolished  and 
striated  on  all  sides  but  one.^  The  impression  I  derived  from  examining  it  was 
that  it  must  have  originally  been  a  boss  of  rock  projecting  from  the  side  or 
bottom  of  the  glacier  bed,  and  that  it  Avas  ultimately  torn  aAvay  from  its  parent 
rock  and  deposited  Avhero  it  now  rests.  I  did  not  measure  the  block,  but  it 
cannot  be  smaller  than  50'  X  50'  X  50'.  One  side  has  been  rujitured  from  the 
block,  apparently  by  the  action  of  frost  on  water  filling  a  crack,  and  its  pieces 
rest  by  its  side. 

*  ExclusiA’e  of  the  side  on  which  it  rests,  which,  of  course,  cannot  ho  seen. 
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Note  on  a  recent  mud  eruption  in  Eamei  Island  (Aeakan)  by  P.  R.  Mallet, 
P.G.S.,  Geological  Purvey  of  hidia. 

In  the  account  of  the  mud  volcanoes  of  Ramri  and  Clieduba  given  in  Volume 
XI,  part  2,  it  is  mentioned  that  there  is  a  notion  prevalent  amongst  the  islanders 
that  eruptions  take  place  more  frequently  during  the  rains  than  at  other  times  of 
the  year.  The  few  dates  of  eruption  on  record,  in  ns  far  as  they  go,  do  not  hear 
out  this  idea,  hut  the  numher  is  too  small  to  generalise  upon. 

Were  the  idea  of  an  increase  in  activity  during  certain  mouths  of  the  year 
confined  to  tire  unsophisticated  inhahitants  of  the.SG  islands,  the  point  might 
perhaps  he  .scarcely  woidh  examination.  A  greater  tendency  to  eruption  at  certain 
periods  has,  however,  heen  suspected  to  exist  in  some  other  pai'ts  of  the  w'orld. 
It  is  stated  hy  Dr.  Horsfield,  that  eruptions  from  the  mud  volcanoes  of  Java  are 
more  violent  during  the  rainy  season  than  at  other  times,  and  M.  Duhois  de 
Montporeux  mentions  that  out  of  six  eruptions  from  the  mud  volcanoes  near  the 
entrance  to  the  Sea  of  Azov,  five  occurred  between  February  and  the  lOth  of 
May,  the  only  knowm  autumnal  eruption  having  heen  on  the  5th  September.* 
Whether,  therefore,  the  belief  of  the  Arakan  islanders  be  w'cll  founded  or  not, 
the  point  is  worth  investigation. 

In  this  connection  the  following  letters,  which  have  been  placed  at  the  dis¬ 
posal  of  the  Geological  Survey  by  the  Commissioner  of  Arakan,  are  valuable  as 
the  first  contribution  towards  a  catalogue  of  eruptions  sufficiently  extended  for 
generalisation.  It  is  hoped  that  we  may  be  able  to  make  such  in  time  through 
similar  communications  from  the  Officials  of  the  Ramri  district,  and  others  who 
may  take  an  interest  in  the  subject.^ 

Prom  Captain  J.  Butlee,  Deputy  Commissioner,  Kyouk  Phyoo,  to  the  Commissioner  of 
Arakan,  Akyab, — No.  3S-12,  dated  the  Kith  July  1878. 

In  compliance  witli  the  instructions  conveyed  in  your  letter  No.  732-165,  Genei  al  Depart¬ 
ment,  dated  22nd  ultimo,  I  have  the  honor  to  state  that  the  following  individuals  were 

'  Eecords,  G.  S.  I.,  Vol.  XI,  p.  201. 

“  It  will  he  seen  by  reference  to  the  paper  quoted  above,  that  there  are  some  other  points,  also, 
connected  with  the  eruptions,  concerning  which  our  information  is  not  sufficiently  detailed.  The 
following  list  of  questions  m.iy  perhaps  be  useful  as  a  guide  in  obtaining  information  from  the 
villagers  :  — 

1.  Inforniiint’s  name  and  village. 

2.  I.ocality  at  which  the  eruption  took  place.  Name  of  village,  with  distance  and  bearings 
from  one  or  two  wcU-known  places. 

3.  Date  of  eruption,  and  time  of  d.ay  at  which  it  commenced. 

4.  Was  it  preceded  or  accompanied  by  any  perceptible  earthquake  ? 

5.  How  long  did  the  eruption  last  ?  Did  it  hogin  suddenly,  or  increase  gradually  in  violence, 
and  did  it  end  suddenly  or  gradually  ? 

6.  Were  there  any  flames  during  the  eruption  ?  If  so,  how  high  did  they  rise  above  the  top 
of  the  hill,  when  largest,  and  how  long  did  they  last  ?  Was  the  flame  continuous  or  intermittent  ? 

7.  What  is  the  shape  of  the  hill,  and  its  height  ?  Was  it  formed  entirely  during  the  recent 
eruption,  or  was  part  of  it  there  previously  ?  Is  it  conical,  and  is  there  a  basin  or  hollow  (crater) 
at  the  top  ?  If  so,  what  is  the  diameter  of  the  hollow,  and  does  it  contain  mud  ? 
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examined  bj'  the  Kin  Tbooo:3'ee,  relative  to  tbe  volcanic  eruption  which  took  place  in  his 
circle  a  few  months  ago,  viz.  : — 

1.  Kulla-kj'ee  of  Kon-houng  Tau  Village, 

2.  Ya-ha  Hkyoung  of  Peu-lay-na  ditto, 

3.  Pan  Hla  Oo  of  ditto  ditto, 

4.  Tha  Htoon  Hpyoo  ditto  ditto, 

5.  Tha  Htoon  Oung  ditto  ditto, 

6.  Ya-ha  Oung  of  Iioung  Hkyooein  ditto, 

and  from  their  collective  evidence  the  Thoogyee  has  communicated  the  following  : — 

1.  The  eruption  occurred  near  the  village  of  Peu-la3'-na,  a  spot  hearing  about  4G0  yards 
north  of  the  above  village,  1,000  yards  west  of  the  Yua  Ma  village,  and  i  of  a  mile  east  of 
the  sea-shore. 

2.  It  occurred  on  the  19th  of  March  1878,  at  7  o’clock  in  the  morning. 

3.  No  earthquake  occurred,  the  earth  merely  cracked,  and  from  the  fissure  a  hill  began 
gradually  to  rise. 

4.  The  eruption  lasted  11  days,  and  began  increasing  gradually  day  after  day,  ending  in 
the  same,  manner.  This  was  ascertained  by  means  of  a  post  which  was  put  into  the  earth 
for  the  purpose  of  watching  the  height  of  the  hillock  as  it  increased.  A  few  da3's,  however, 
before  the  eruption  ceased,  the  post  was  found  lying  some  14  or  15  cubits  distant  from  the 
place  where  it  had  been  put  in. 

6.  No  flames  occurred  at  the  time  of  the  eruption  :  a  lad,  however,  who  happened  to  be 
close  to  the  spot,  accidentally  dropped  into  the  crater  a  box  of  matches,  when  immediately  a 
large  flame  to  the  height  of  about  25  cubits  above  the  top  of  the  hill  issued  forth,  and  which 
continued  burning  for  two  days  and  a  night  before  it  went  out. 

6.  The  shape  of  the  hill  is  said  to  resemble  an  inverted  boat,  and  its  height  is  18  cubits. 
There  was  previously^  in  the  same  spot  a  small  hill  about  9  feet  high,  and  on  this  hill  the 
eruption  took  place.  The  hill  is  flat  on  the  top,  cracked  in  several  places,  and  the  cracks 
filled  with  mud. 

7.  The  lava  or  stuff*  thrown  up  was  mud  mixed  with  stones,  and  the  mud  thin  and 
watery  ;  when  first  thrown  out  the  mud  was  warm.  Inside  the  cracks  it  is  very  hot  when 
felt  by  the  hand.  The  stones  were  small  in  size,  and  were  not  thrown  up  much  higher  than 
the  summit  of  the  hill. 

8.  There  is  another  hill  of  the  same  kind  as  this  one  in  the  neighbourhood  which  was 
formed  over  a  hundred  3-ears  ago. 


8.  Was  the  stuff  thrown  up  mud  only,  or  mud  mixed  with  stones  ?  Was  the  mud  thin  and 
watery,  or  thick  ?  Was  it  cold,  w-arm,  hot  or  very  hot  when  first  thrown  out  ?  How  large  were 
the  higgest  stones  thrown  out,  and  how  high  w-cre  they  thrown  ? 

9.  Are  there  any  other  hills  of  the  same  kind  in  the  neighbourhood,  and  if  so,  have  any  of 
them  been  formed  during  the  remembrance  of  the  present  generation ;  if  so,  how  many  and 
when  ? 

Any  further  information  will  also  be  acceptable. 

'  Specimens  sent  to  the  Geological  Museum  were  light  grey  mud  and  pieces  of  grey  shale.  A 
few  pieces  were  reddish,  doubtless  from  having  been  exposed  to  the  heat  of  the  flames.—  Vide 
Vol.  XT,  pp.  196,  201.  202. 
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9.  The  Burmese,  as  a  rule,  are  very  superstitious  in  matters  of  this  sort,  and  generally 
ascribe  such  a  phenomena  to  the  work  of  a  dragon  (Nagah). 


From  Captatn  Geoege  Alexander,  Officiating  Deputy  Commissioner,  Kj-onk  Fhyoo,  to 

the  Commissioner  of  Arakan  Division,  Akyab.  -No.  3,  dated  Camp  Eamri,  11th  De¬ 
cember  1878. 

I  have  the  honor  to  submit  a  further  report  on  the  subject  of  the  volcanic  eruption  near 
Moo-yin  in  the  island  of  Eamri,  and  in  continuation  of  ray  letter  No.  35-12  of  1878. 

The  mound  first  made  its  apijearance  on  the  night  of  the  18th  March  1878 ;  at  least  the 
fir.st  people  who  saw  it  were  some  women,  who  wont  out  to  cut  wood  before  dawn  on  the 
morning  of  the  19th,  and  came  across  a  mound  gi-adually  rising  from  the  earth,  and  being 
frightened,  believing  that  it  was  a  “  Nagah  Doung”,  or  hill  raised  by  a  dragon,  they  ran  away. 
They  saw  no  fire,  nor  did  they  perceive  any  earthquake.  They  state  that  the  mound  continued 
rising  for  12  days,  and  that  it  was  on  fire  for  a  day  and  a  night.  Lah  Bah  Chyoung,  the 
writer  of  the  circle  Thoogyee,  who  visited  the  spot  at  about  noon  on  the  day  in  question, 
says  ho  found  smoke  and  fire  issuing  from  cracks  in  the  mound  when  he  arrived,  but  state.s 
that  the  surface  of  the  ground  was  smooth  and  hard  ;  that  the  earth  was  being  forced  out  of 
an  area  of  about  three  bamboos  or  36  feet  in  length,  and  gradually  made  its  way  westward 
towards  the  sea.  It  appears  to  be  doubtful  whether  the  mound  itself  vomited  lire,  or  whether 
it  was  set  on  firii  b.y  a  small  child  with  a  cheroot;  at  any  rate  it  was  on  fire  on  the  day  after 
its  appearance,  and  the  llame  burnt  for  two  days,  not  steadily  and  regularly,  but  spurting  up 
into  the  air  by  fits  and  si  arts,  for  some  20  or  30  cubits  ;  there  w'as  a  strong  smell  of  earth-oil 
whilst  the  mound  was  on  fire,  and  it  is  described  as  having  been  so  powerful  and  pungent  as 
to  make  the  women  near  giddy  ;  there  appears  to  have  been  no  active  .sudden  eruption,  merely 
an  upheaving  of  the  earth  gradually.  And  the  villagers  state  that  sticks  planted  6  inches  or 
a  foot  in  the  ground  in  the  evening  would  be  found  to  have  been  carried  considerably  west¬ 
ward  by  morning,  the  first  night  14  cubits  ;  but  the  distance  kept  decreasing  inversely  as 
the  days  went  by%  This  information  is  gathered  from  the  women  who  first  saw  the  mound 
and  from  other  residents  close  by. 

Directly  inland,  and  at  a  distatice  of  some  300  or  400  yards  from  the  present  upheaval,  is 
a  conical  hill  which  has  the  appearance  of  being  one  of  volcanic  origin.  The  present  elders 
of  the  village  state  that  in  the  year  1146  (Burmese  era),  or  94  years  ago,  a  volcano  appeared 
which  threw  out  large  quantities  of  stones  and  residue,  and  gradually'  formed  a  hill  which 
some  66  years  ago  was  about  23  feet  high,  and  which  is  now  estimated  at  about  40  feet  high, 
although  it  is  difficult  to  say  where  the  hill  begins,  and  the  top  is  considerably  more  than 
this  height  above  the  surrounding  paddy  cultivation.  This  mound  is  called  by  the  Arakanese 
“  Nagah  Bwai  ”  or  dragon’s  cii'cle,  and  has  been  in  active  eruption  some  four  or  five  times 
during  the  life  of  one  of  the  pro.seut  eldcr.s,  at  a  few  hours  at  a  time,  and  the  stones  thrown 
out  on  each  occasion  have  caused  the  hill  to  increase  in  balk.  Whenever  the  eruptions  took 
j)lace  at  the  Nagah  Bwai  hill,  the  same  strong  smell  of  earth-oil  was  perceivable  ;  the  last 
eruption  took  place  about  five  years  ago.  Some  of  the  stones  found  at  the  spot  where  the 
last  upheaval  of  the  earth  occurred  have  been  collected  by  myself  personally,  and  as  the 
Officers  of  the  Geological  Department  expressed  a  wish  to  have  some  of  these  stones,  I  for¬ 
ward  the  same,  as  they  may  oast  some  light  on  the  causes  that  influenced  this  phenomenon 
of  nature. 

There  seems  to  be  little  reason  to  doubt  that  earth-oil  in  one  form  or  another  was  the 
disturbing  inllncnco. 


PAKT  L]  Mallei :  On  liranuik,  with  RJmhnile,  from  near  Hagpnr. 
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Some  time  ago,  Mr.  W.  Ness,  Mining  Engineer  in  charge  of  the  Warora 
Collieries,  sent  a  parcel  of  about  20  lbs.  of  manganese  ore  to  the  Geological 
Museum,  -with  a  notice  of  the  locality  in  which  it  had  been  found.  It  appears 
from  this  that  the  ore  occurs  on  the  south-east  side  of  Munsur  Great  Trigono¬ 
metrical  Station,  a  hill  tliree  miles  west  of  the  town  of  RSmtek,  which  is  about 
twenty  miles  north-east  of  NSgpur.  Mr.  Wilson,  Executive  Engineer  of  the 
Kanhan  Division,  w'ho  has  visited  the  place,  describes  the  outcrop,  which  strikes 
north- w’est,  south-east,  as  being  visible  for  about  a  quarter  of  a  mile,  with  a 
thickness  of  about  10  feet.  Mr.  Ness,  however,  is  inclined  to  think  that  some 
portions  are  inferior  to  the  samples  sent  to  the  Museum. 

The  latter  are  finely-granular  massive,  wdth  here  and  there  portions  which 
are  indistinctly  crystalline  on  a  larger  scale.  The  specimens  are  bounded  on  two 
opposite  sides  by  planes  which  appear  to  be  joint-faces,  aj)proximately  per¬ 
pendicular  to  which  the  mineral  is  intersected  by  irregular,  more  or  less  elon¬ 
gated  cavities :  the  larger  of  these  are  about  an  eighth  of  an  inch  across,  and 
some  as  much  as  three  or  four  inches  long :  others  ai’o  visible  only  under  the  lens. 
Many  of  them  are  partially,  or  almost  entirely,  filled  by  a  translucent,  light 
brownish-red  and  yellowish,  indistinctly  crystalline  mineral,  which  proved  on 
examination  to  be  rhodonite. 

The  color  and  streak  of  the  manganese  ore  are  brownish-black.  Hardness 
about  6'0.  The  sjiecific  gravities  of  three  different  samples  were  4'  22,  4'36,  and 
4'46,  the  differences  (and  the  inferiority  in  gravity  to  that  of  braunite  in  crystals) 
being  doubtless  partly  due  to  minute  cavities. 

On  analysis  the  mineral  yielded,  counting  all  the  manganese  as  sesquioxido, 
according  to  the  formula  more  usually  adopted  for  braunite — 


Manganese  sesquioxide 

78-64 

79-39 

Iron  sesquioxide 

9-78 

9-87 

Lime  ... 

1-20 

1-21 

Magnesia 

tr. 

tr. 

Oxygen  in  excess  of  that  required  for  0^ 

...  1-65 

1-67 

3dica  ... 

6-00 

6-06 

Phosphoric  acid 

■21 

•21 

Combined  water 

2-61 

2-63 

Hj'groscopic  water 

•60 

Lissomiiiiiiated  rhodonite 

•35 

... 

lOlOl 

101-04 

The  second  column  gives  the  composition  exclusive  of  hygroscopic  moisture 
and  thodonite,  scattered  minute  grains  of  which  can  generally  be  detected  by  tlio 
lens  even  in  the  most  homogeneous  specimens.  Being  but  little  acted  on  by 
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hydrochloric  acid,  it  is  left  undissolved,  together  with  gelatinous  silica.  The 
excess  of  oxygen,  and  the  presence  of  water,  show  that  the  hraunite  is  not  in  a 
pure  state,  having  probably  undergone  partial  alteration. 

The  ore  contains  55'27  per  cent,  of  manganese  and  6'91  of  iron.  The  main  use 
of  manganese  ores,  however,  is  as  oxidizing  agents,  their  value  depending  on  the 
amount  of  available  oxygen  they  contain.  Pyrolusite,  or  peroxide  of  manganese, 
the  richest  in  oxygen  and  most  valuable  ore,  contains  when  pure  18'39  per  cent. ; 
and  ores  are  generally  valuated  by  the  percentage  of  peroxide  they  contain,  or 
more  coireetly  speaking,  the  percentage  of  peroxide,  to  which  the  oxides  they 
contain  are  equivalent  in  available  oxygen.  The  average  run  of  ores  met  with  in 
commerce  contain  60  to  75  per  cent,  of  peroxide  =  about  11  to  14  per  cent,  of 
available  oxygen.  The  Nagpur  braunite  contains  9'71  of  available  oxygen  =  52  80 
per  cent,  of  peroxide.  As  an  oxidizing  agent,  therefore,  it  cannot  be  classed  as 
more  than  fairly  good. 

A  deposit  of  the  same  class  of  manganese  ore  was  found  by  Mr.  W.  T. 
Blanford  in  1872,  at  the  village  of  Kodaigowhan  (near  Khappa),  20  miles  due 
west  of  Munsur,  Great  Trigonometrical  Survey. 


Pal^iontologicai,  notes  pkom  the  Satpura  Coal- basin,  ly  Ottokar  Feist- 
mantel,  M.D.,  Palwontohyist,  Geological  Survey  of  India. 

In  the  beginning  of  last  year  (1878)  I  had  an  opportunity  of  ti-aversing 
from  east  to  west  a  portion  of  the  great  Sdtpura  coal-basin,  with  the  special 
intention  of  collecting  fossils  at  certain  places.  Taking  as  guide  the  last  report 
Mohpani  field  ground'  I  started  from  the  Gadarwara  station. 

Great  Indian  Peninsula  Railway,  for  the  Mohpani  coal¬ 
field,  of  which  a  brief  description  was  published"  in  1870. 

With  assistance  of  the  manager  of  the  MohpSni  coal  mines,  Mr.  Maughan, 
I  was  enabled  to  collect  what  fossils  were  to  be  got,  which  to  some  extent  per¬ 
mitted  of  a  comparison  of  the  Mohpani  coal  seams  (in  part  at  least)  with  some 
other  known  horizon  of  the  Indian  coal  strata,  as  given  in  my  recently  published 
flora  of  the  Talchir  sub-division."  I  shall  repeat  only  what  is  necessary  for  general 
understanding  in  the  present  paper. 

In  the  report  referred  to,  the  close  relation  of  the  Talchirs  and  the  coal  beds 
in  the  Mohpdni  coal-field  is  pointed  out ;  and  this  view  seems  to  be  supported  by 
the  fossils,  which  bring  these  coal  seams  on  the  hoidzon  of  the  Kaiharbari  coal 
beds,  which  latter  were  recently  shown  to  belong  to  the  Talchir  division. 

The  fossils  which  I  collected  were  found  in  a  band  of  shale  in  the  uppermost 
of  the  Mohpani  coal  seams,  which  are  outcropping  in  the 
Fossil  plants.  valley  of  the  Sitariva  river,  on  the  right  bank  of  which 

the  only  mines  of  importance  at  present  are  situated. 


'  H.  B.  Medlicott :  Mem.  Geol.  Surv.  of  Indin,  Vol.  X. 
"  H.  B.  Medlicott:  Bee.  Geol.  Surv.  of  India,  Vol.  III. 
’  Fal.  Indies,  Ser.  XII,  1. 
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The  fossils  are  few  in  species,  although  nirmerous  in  specimens,  and  I  could 
observe — 


lEquisefaceotis  stallfs,  some  of  which,  1  think,  aro  of  Schizoneura  ;  Qanifanwpieris,  pretty  fre¬ 
quent,  both  in  the  original  form  O.  c^clopteroulen,  and  as  a  variety,  i.  e,,  O.  cyclopteroides,  vur. 
attemiaia.  Olossopteris  almost  equally  numerous  as  Gaiiffamopteris. 

This  distribution  of  the  fossils  appeared  to  me  to  be  similar  to  that  in  the 
3rd  seam  of  the  Kaharbari  coal-field,  and  as  I  endeavour  to  show  in  the  paper 
referred  to  that  this  seam  also  is  to  be  considered  as  belonging  to  the  Karharbari 
beds,  there  would  be  no  objection  to  the  Mohpani  seams  being  considered  also  as 
on  the  horizon  of  the  Karharbari  beds. 


From  Mohpani  I  moved  towards  Pachmari,  over  ground  formed  of 
Parasuchian  crocodile  at  Mr.  Medlicott’s  Bagra  and  Denwa  groups.  Close  to 
Jhirpa,  on  the  right  bank  of  the  Denwa,  a  specimen  of  a 
large  scute  of  a  Farasuchinn  crocodile  was  picked  up  by  Mr.  Hughes  two  years  ago, 
and  it  was  therefore  my  object  to  examine  the  place,  if  more  remains  could  be 
found.  I  followed  the  river  for  some  distance  in  noi'th- western  and  western  direction, 
but  not  a  fragment  could  be  discovered ;  so  I  crossed  the  Denwa  and  moved  on  to 
Singanama,  on  the  road  from  Bankheri  to  Pachmari,  quite  close  to  the  boundary 
between  the  Denwa  group  of  rocks  and  the  next  lower  group,  the  Pachmari 
sandstone.^  To  the  east  of  Singanama,  about  Ij  mile,  in  the  gorge  of  the  Denwa, 
Section  at  Moar  rocks  are  fully  exposed,  and  a  little  to  the  south  of 

the  village  Moar,  on  the  right  bank  of  the  riveri 
the  junction  of  the  Pachmari  and  Denwa  groups  is  well  seen,  when  it  is  clearly 
observed  that  the  Pachmari  sandstone  dips  without  any  unconformity  beneath 
the  Denwa  group  with  the  same  northerly  dip.  From  Moar  I  went  all  along  the 
Denwa  valley  to  the  north,  back  to  Jhirpa,  in  search  of  fossils  in  the  Denwa 
group,  but  also  this  time  nothing  was  found.  There  is  only  one  more  locality 
where  some  organic  remains  were  found  in  the  Denwa  group,  i.  e.,  far  to  the  west 
near  Kesla  on  the  road  from  Shapur  to  Itarsi,  where  Mr.  Medlieott  procured 
Plant  remains  in  the  some  plant  remains  in  a  very  crumbling  mottled  shale, 
Denwa  group.  which,  after  close  examination,  proved  to  belong  to  Gloss- 

opteris.  This  is  all  our  palseontological  knowledge  of  the  Denwa  group  up  to  date. 

Proceeding  from  Singanama  to  the  south-west  towards  Pachmari,  the  ground 
rises  rapidly  up  to  the  Pachmari  plateau,  which  has  an  elevation  of  3,481^,  the 

surrounding  hills,  specially  to  the  south  and  south-west, 
being  much  higher,  rising  to  4,384'  in  the  Mahadeo  hill. 


Pachmari  sandstone. 


'  I  may  perhaps  mention,  that  before  crossing  the  Denwa  river  near  Jhirpa,  1  was  encamped  at 
Mauljhar  on  the  road  from  Chindwara  to  Bankheri,  to  the.  south-east  of  which  near  Anoni-Dliana, 
there  is  a  hot  spring  with  exhalations  of  inflammable  gas ;  it  is  at  the  head  of  a  small  iialla  which 
receives  its  water  from  this  spring,  w-hich  is  pretty  strong,  and  the  gas  escapes  at  about  ten 
places;  at  the  source  the  water  had  a  temperature  of  130'F. ;  below  this  it  is  collected 
in  a  sort  of  a  small  tank,  where  it  shewed  102°P.,  and  from  here  it  passes  into  the  nalla.  It  is,  of 
course,  in  high  estimation  with  the  natives,  and  close  to  it  is  a  primitive  temple  of  Mahadeo  with  a 
■Jogi  in  attendance. 
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Eijori  horizon. 


to  4,317'  in  tlie  Chaoradeo,  and  to  4,454'  in  tlie  DLupgarh.  Close  to  Singandma 
we  pass-  from  the  Denwa  group  on  to  the  Pachmari  sandstone,  of  which  the  whole 
Pachmari  plateau  as  well  as  the  mentioned  hills  consist.  This  Pachmari  sand 
stone  proved,  in  spite  of  careful  examination,  unfossiliferous. 

Proceeding  from  Pachmari  southwards,  the  road,  always  over  Pachmari 
sandstone,  leads  close  by  the  Mahadeo  hill,  passing  the  famous  Mahadeo  cave  in 
the  northern  flank  of  the  hill ;  from  this  cave  the  descent  into  the  upper 
valley  of  the  Denwa  is  very  rapid,  down  the  steep  and  abrupt  slopes  of  the 
southern  side  of  the  plateau.  About  Ij  mile  before  reaching  the  Denwa  the  slope 
becomes  more  gentle,  and  before  reaching  the  police  station  at  foot  of  the  Pach¬ 
mari  range  (which  is  about  f  of  a  mile  from  the  Denwa)  there  is  a  change  of 
rocks,  1.  e.,  under  the  Pachmari  sandstone  there  appear  soft,  sandy,  micaceous 
shales  of  greenish,  yellowish,  or  brownish-yellowish  colour,  which  apparently  have 
ShiileB  under  Pachmari  the  same  northerly  dip  as  the  over-lying  Pachmari  sand- 
sandstone.  stone  ;  that  this  is  the  case  I  have  found  further  on. 

Here  these  shales  proved  unfossiliferous.  Similar  shales  occur  further  to  the 
north-west  near  Almod  and  Rorighat,  where  they  were  found  to  contain  only  some 
indistinct  plant  impressions. 

In  his  report  on  the  Satpura  basin,  Mr.  Medlicott,  speaking  of  his  Bijori 
horizon,  mentions  two  possibly  different  bands,  of  which 
the  higher  might  be  distinguished  as  Almod  beds  ;  and 
it  appears  to  me  that  the  shales  which  I  just  mentioned  as  cropping  out  under 
the  Pachmari  sandstone  might  possibly  represent  these  Almod  beds  ;  because,  when 
proceeding  further  to  the  south  close  to  the  Denwa  r-iver,  the  shales  change  some¬ 
what  in  appearance,  they  become  a  little  harder,  greyish  and  grey  colours 
appear,  and  they  are  fossiliferous.  In  position  they  are  lower  than  the  shales 
mentioned  before,  both  having  the  same  dip.  To  have  a  better  opportunity  and 
more  time  to  collect  fossils  I  crossed  the  Denwa  river  near  Sangakhera  Dhana 
and  encamped  at  Barikondam,  where  I  was  also  close  to  the  spot  where  the  reptile 
said  to  be  Archegosaurus  was  found  in  this  lower  horizon. 

The  place  where  I  collected  fossils  in  the  shales  lies  directly  to  the  north  of 
Fossil  plants  in  tbe  Eijori  Barikondam,  on  the  left  bank  of  the  Denwa  river,  be- 
borizon.  tween  this  and  the  police  station  at  the  foot  of  the 

Pachmari  range.  The  shale  crops  out  at  the  base  of  a  small  hill,  on  the  eastern 
slope  of  which  the  road  from  Pachmari  leads  to  the  Denwa  river,  cutting  through 
shales  containing  fossils.  A  little  to  the  east  of  this  hill,  but  still  before  cros.sing 
the  Denwa  river  (coming  from  Pachmari),  in  a  small  nalla  which  the  road  has  to 
cross,  an  instructive  section  is  exposed  showing  the  relation  of  the  strata  south  of 
the  Pachmari  range  to  the  Pachmari  sandstone,  as  follows,  in  ascending  order : — 

Dark-grey  carbonaceous  micaceous  shales  dipping  north  at  about  15°,  con¬ 
taining  Yertebraria. 

Greenish-reddish  shales  slightly  micaceous. 

Coarse  thin-bedded  sandstones,  with  the  same  northerly  dip. 


a. 
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Above  these  sandstones  is  a  series  of  sandy  micaceous  shales,  which  in  tliis 
place  contain  no  fossils,  but  which  I  believe  to  be  the  same  as  those  at  the  base  of 
the  hill  mentioned  as  on  the  left  bank  of  the  Denwa  (north  of  Barikondam) 
where  I  obtained  fossils ;  above  these  sandy  shales  is  a  bed  of  fine  earthy  bluish- 
grey  or  reddish-gi-ey  shales  with  plant  fossils.  Above  these  there  would  come  in 
the  sandy  micaceous  shales  which  I  mentioned  before  as  immediately  below  the 
Pachmari  sandstone,  and  then  these  sandstones  themselves,  all  apparently  with 
the  same  dip.  I  obtained  the  following  fossils  from  these  localities  : — 

a.  Prom  the  base  of  a  small  hill  on  the  left  bank  of  the  Denwa  river  north 
of  Barikondam  in  brownish-yellow,  greenish-yellow,  sandy  and  earthy  micaceous 
shales  which  do  not  split  regularly ;  the  fossils  are  plants  only  and  very 
fragmentary — 

Glossopteris  communis,  Fstm. 

Olossopferis  with  liorizontal  broad  meshes  (called  in  mamisoript  Ol.  damudica). 

Glossopteris,  another  form  with  distinct  polygonal  meshes,  which  form  occurs  also  in  the 
Eaniganj  group  of  Bengal,  and  which  will  be  described  as  Gl.  retifera. 

Pecopieris  comp,  angasta,  H.  {M^rianopteris  angusta,  H.).  This  species  occurs  in  the 
Trias  of  Europe.  A  form  of  the  same  genus  is  huown  also  from  the  Rmiiganj  group. 

Vilcsonia  (comp.  Concinna),  a  form  which  appears  to  me  to  bo  the  satne  as  that  found  by 
Mr.  Hughes  in  the  Eaniganj  group  of  the  Jherria  coal-field,  and  figured  by  me  in  1877.' 

h.  To  the  east  of  the  place  just  mentioned  fossils  were  fonnd,  as  already  stated, 
in  fine  earthy  light  grey,  bluish-grey  or  reddish-grey  shales  which  appear  to  me 
to  be  above  these  shales.  The  fossils  were — 

Equisetaceous  stalks,  of  which  some  may  belong  to  Schizoneura,  as  this  genus  was  found  in 
this  horizon. 

Vertehraria  indica,  Royle ;  small  specimens. 

Glossopteris  predominant ;  different  forms. 

Glossopteris  communis, 

Glossopteris  indica,  Schimp.  (one  specimen  with  little  oblong  marks  as  if  indicating  the 

Sori). 

Glossopteris  ytiih  broad  horizontal  meshes  {Gl.  damudica). 

Glossopterisleptoneura,  Bunb. ;  narrow  leaflets. 

Gangamopteris,  a  form  with  small  roundly  ovate  leaves. 

A  round  winged  seed  of  the  genus  Samaropsis,  Gopp.,^  much  resembling  Heer’s  Samarops 
rotundata? 

Some  other  small  seeds,  not  w’inged,  resembling  very  much  seeds  of  the  same  kind  from 
Damuda  rocks  in  South  Rewa,  collected  by  Mr.  J.  G.  Medlicott. 

Besides  these  fossils  collected  by  myself,  there  were  some  other  .specimens 
Otber  fossil  plants  in  the  from  the  same  district  in  our  collections.  One  lot  of 
Survey  collections.  about  fifteen  specimens  was  labelled,  “  Upper  Denwa 

valley  near  Barikondam  the  fossils  are  plant  impressions  in  an  earthy-reddish 

'  Rcc.  Geol.  Snrv.  of  India,  Vol.  X. 

*  Fructus  samaroideus,  membranaceus  compressus,  margins  alatus,  monospermus, 

*  Beer :  Flora  fossilis  arctica,  Vol.  1\' ;  Jura  flora  Ostsibiriens,  etc.,  p.  80. 
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shale,  and  there  is  little  doubt  that  they  come  from  a  similar  bed  of  shales  to  that 
mentioned  before  as  above  the  sandy  micaceous  greenish-yellowish  shales  with 
fossils.  They  comprise — 

Schizoneura  gondwanensis,  Fstin.  The  same  form  as  in  the  Eauigauj,  Jherria,  and  Hingir 
coal-fleld. 

Olossopteris  communis,  Fstm.  The  same  form  as  in  other  places. 

Besides  these  there  is  a  single  specimen  labelled  “  Denwa  naddi,  Pachmari.” 
It  contains — 

Trizggia  speciosa,  Eoyle  {Sphenophyllum  trizggia,  Ung.),  which  chiefly  occurs  in  the  Rani- 
ganj  coal-fleld  (Haniganj  group),  in  the  Talchir  coal-field  (Barakar  group),  and  is  doubtfully  quoted 
from  the  Damuda  rocks  at  Pankabari. 


There  is  no  doubt  th,at  this  specimen  also  comes  from  this  fossiliferous  zone 
of  shales  in  the  Bijori  horizon  in  the  Upper  Denwa  valley. 

If  we  now  consider  the  fossils  mentioned  above  as  coming  from  the  Bijori 
horizon  in  the  Denwa  valley,  i.  e.,  Schizoneura  gondwa- 

seJt^tS^ldmlrEanTg^ani  ’  ^rizygia  spemosa,  Eoyle,  Vertehrariaindica, 

group.  Royle,  Olossopteris  in  various  foi’ms,  Peeopteris  angusta, 

H.,  etc.,  w'e  find  that  all  these  occur  also  in  the  Rmi- 
ganj  group  in  Bengal,  so  that  the  fossiliferous  band  is  correctly  considered 
as  representative  of  this  group  in  the  Satpura  coal  basin,  in  which  case  those 
sandy  micaceous  unfossiliferous  shales  immediately  below  the  Pachmari  sandstone, 
and  the  beds  of  the  same  position  near  Almod  and  Rorighat  (which  have  been 
distingui.shed  as  Almod  beds),  would  perhaps  represent  the  Panchet  group  of 
Bengal,  this  the  more  if  we  consider  the  close  relation  of  this  group  in  Bengal 
with  the  Raniganj  group,  and  the  much  smaller  number  of  fossils  in  the  former 
than  in  the  latter. 


.  I  made  also  a  search  from  Barikondam  to  the  west,  at  and  round  the  spot 
Archegosaurns  in  the  where  the  said  Archegosaurus  was  picked  up  by  Major 
Bijori  horizon.  Gowan  but  no  trace  of  any  fossil  was  found  in  the 

Bijori  sandstone. 

Fine  earthy  sandy-micaceous  gi’eenish-yellowish  shales  were  observed,  as 
Shales  at  Almod  and  Ro-  already  mentioned,  near  Almod  and  Rorighat ;  except 
righat.  indistinct  marks,  they  were  found  otherwise  unfossili¬ 

ferous,  and  they  appear  to  be  the  same  as  those  mentioned  before  as  imme¬ 
diately  underlying  the  Pachmari  sandstone. 

Further  to  the  west,  however,  on  the  road  from  Rorighat  to  Shapur  (by 
Plants  between  Rorighat  Harapala,  Jhuli,  &c.),  about  five  miles  from  this  place, 
and  Harapala.  j  found  in  a  nalla  some  shales  containing  plant  remains. 


Journ.  As.  Soc.,  Beng.,  XXXIII,  1864,  pp.  336,  442. 
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They  ai'e  dark  gi‘eenisli-gi  ey,  rather  hard,  slightly  micaceous.  The  fossils  were 
not  many,  but  sufficient  to  indicate  the  horizon.  I  collected — 

Schizonenra  gondwanensis,  Fstm.  One  leaf. 

Vertebraria  indica,  Royle.  The  more  branched  thinner  form,  like  that  in  the  Kamthi  beds  of 
the  RAniganj  group. 

Ghssopteris  leptoneura,  Bunb. 

Glossopteru,  another  species. 


Shapur  coal-field. 


The  fossils  of  this  locality  agree  therefore  with  those  mentioned  before  from 
the  Denwa  valley,  and  can  be  like  these  considered  as  on  the  horizon  of  the 
Raniganj  group. 

The  next  observations  were  of  the  Damuda  rocks  and  outcropping  coal  seams 
in  the  neighbourhood  of  Shapur.  A  full  report  on  this 
field  was  published  by  Mr.  Medlicott  in  1875  my  object 
was  directed  to  the  examination  of  the  outcrops  for  their  fossils. 

In  this  coal-field  also,  like  in  that  of  Mohpani,  Mr.  Medlicott  points  to  the 
close  relation  of  the  coal  beds  (Barakar  group)  to  the  underlying  Talchirs 
(I.  c.,  p.  76),  and  this  conclusion  from  stratigraphical  grounds  is  perhaps  also 
supported,  partly  at  least,  by  the  few  organic  remains.  These  are  again  plants 
only,  and  1  think  they  partly  show  the  existence  of  representatives  of  the 
Karharbari  beds,  indicating  the  close  connection  of  these  coal  beds  with  the 
Talchirs. 

I  first  visited  the  outcrops  in  the  Machna  river,  north-east  of  Shapur.  The 
coal  crops  out  at  two  places  ;  in  both  some  fossils  were  found  which  tend  to  indi¬ 
cate  two  horizons.  The  more  north-eastern  outcrop  is  close  to  the  village  Mar- 

danpur,  in  the  river  bed  ;  there  are  two  outcrops  running 
parallel,  one  on  the  right  and  the  other  on  the  left  bank 
of  the  river,  but  only  that  on  the  right  bank  appears  of  any  importance,  and  when 
I  was  at  this  place  a  very  primitive  kind  of  mining  (digging)  was  going  on  on 
this  outcrop. 

The  dip  is  30°,  to  north-west-by-north.  This  lower  outcrop  only  was  acces¬ 
sible  for  examination.  The  whole  outcrop  (shales  included)  measures  4  to  5  feet, 
dipping  under  white,  open  and  rather  coarse-grained  sandstones.  The  coal  itself  is 
at  this  place  not  thicker  than  about  2',  being  overlaid  by  coaly  shales  and  under¬ 
laid  by  grey  sandy  shales,  and  in  the  coal  itself  there  is  a  good  deal  of  what  is 
called  fibrous  anthracite. 

The  fossils  at  this  place  were  veiy  scarce :  I  found  in  the  coal  impressions  of 
Vertebraria,  and  also  in  the  underlying  shales  some 
impressions  were  observed  wffiich  appeared  to  me  to 

belong  to  the  same  genus. 

From  these  outcrops  to  the  south-w'est  up  the  river,  we  find  other  outcrops 
at  the  bend  of  the  river  west-south-west  of  Kotmi.  The 
outcrop  here  passes  from  east  to  west  across  the  river, 

'  Ree.  Geol.  Surv-  of  India,  Vol.  VIII. 


Mardanpur  outcrops. 


Kotmi  outcrops. 
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and  is  better  exposed  on  the  left  bank.  The  strata  dip  north -east-by-north,  at 
about  15°.  The  sequence  of  strata  on  the  left  bank  is  the  following  (in  descend¬ 
ing  order)  : — 


a.  Ijjiporinost  sandstones. 

t).  Yellowish-brownish -grey  sandy  shales. 

c.  Grey  earthy-sandy  shales  with  plants. 

d.  A  band  of  very  fine  earthy  carbonaceous  brownish-black  shales  with 

plants.  They  contain  also  much  pyrites. 

e.  The  coal  seam  about  2  to  3  feet  thick. 

/.  Shales  and  sandstones  partly  already  in  the  river. 

On  the  right  bank  there  appears  under  these  sandstones  another  bed  of 
carbonaceous  shales  without  coal.  Possils  occur  in  the  upper  part  of  both  these 
outcrops. 

On  the  right  bank  I  found  in  the  grey  sandy  shales — 

Olossopferis,  fragmentary,  and 
Koggeraihiopsis  {llislopi  ?),  fragments. 

On  the  left  bank  wei’e  found — 

a.  In  the  black  shale  immediately  above  the  seam — 

Glossopteri.'!,  fragments. 

OangamopteHs  and  SfoggeratMopsis. 


b.  In  the  sandy  grey  shales  above — 


JHqu! setaceous  stalk. 

Glossopieris  eommums. 

Gangamopferis  ct/chpferoides,  Fstm.,  several  specimens. 
NSggerathiopsis  hislopi. 

Some  small  seeds  (Carpolithes). 


Here,  therefore,  were  found  moi-e  fossils  than  in  the  Mardanpur  outcrops,  and 
they  perhaps  indicate  the  horizon  of  the  Karharbari  beds. 

From  here  I  went  to  see  the  outcrops  in  the  Tiiwa  river  near  Terani  (on  the 

Temni  outcrops.  “‘’P’  people  called  Temru)  ;  no  fossils  were 

found  in  the  shales,  which  appeared  to  me  to  have  a 
resemblance  to  Talehir  shales  ;  they  perhaps  represent,  as  Mr.  Medlicott  (1.  c., 
p.  80)  suggests,  the  outcrops  at  Kotmi. 

In  the  outci'ops  north  of  Shapur  in  the  Suki  river  before  it  falls  into  the 

„  ^  c.  1  ■  Tawa  river,  only  very  few  and  fragmentary  fossils  were 

Outcrops  m  the  Snki.  r  i  n  i  i  j  r  i  i  i 

tound.  In  tno  lower  beds  ot  carbonaceous  shales, 

1  found  fragments  of  Equisetaceous  stalks  and  of  Ndggerathiopsis,  and  in  the  upper 

one  a  fragment  of  NbggcratJiiopsis.  The  beds  dip  to  north-east-by-north  at  10°. 

There  is  no  direct  indication  for  a  comparison  of  these  outcrojis  with  any  of 
the  others,  the  fossils  being  so  very  scarce,  except  perhaps  from  the  position  with 
the  outcrops  in  the  Bhoura  naddi  (near  Sonada). 
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About  nine  miles  soutb-east  of  Shapur  there  are  other  outcrops  in  the  Tawa 
river  near  the  village  of  Dolari.  Going  from  Dolari  to 
Dol  li  outcrops.  river  and  passing  down  it  to  the  east,  we  meet  the 

first  (or  lowest)  seam  No.  I ;  it  is  underlaid  by  sandstones,  and  the  following 
rocks  are  seen — 


a.  Brittle,  sandy,  gi’eenish  grey  micaceous  shales. 

h.  The  coal  seam  about  2'  thick  at  this  place,  the  coal,  however,  brittle  and 
full  of  the  fibrous  anthracite. 

c.  Thin-bedded  shaly  sandstones. 

d.  Thin  sandstones  again  up  to  the  next  seam. 

No  fossils  were  found  in  this  outcrop. 

We  pass  then  from  here  eastwards  over  sandstones  which  become  thin-bedded 
and  shaly,  until  carbonaceous  shales  of  4! — 51  appear,  without  coal ;  above  these 
.shales  some  sandstones,  and  then  again  dark-gTcy  shales  are  seen,  under  which  lies 
the  seam  No.  II,  which,  however,  was  then  covered  ;  but  I  saw  at  Dolari  some 
old  heaps  of  coal,  which  was  said  to  have  been  dug  from  this  seam.  In  the  out¬ 
cropping  grey  shales  some  fossils  were  found,  although  very  fragmentary — 

Tlquisetaceous  stalks. 

Gangamiopieris  oyclopteroides,  Fstm. 

Glossopteris. 

Koggerathiopsia  Mslopi,  Bunb.,  sp. 

These  fossils,  although  very  scarce,  yet  perhaps  permit  of  a  compari.son  of  this 
outcrop  with  that  near  Kotmi,  and  consequently  also  with  the  Karharbari  beds. 
Here  at  Dolari,  however,  all  the  outci’ops  are  so  close  to  each  other  that  they  may 
well  be  considered  as  representing  all  the  same  horizon. 

The  Illrd  outcrop  (to  the  east)  was  almost  entirely  covered  by  river  sand. 
I  procured  only  with  great  trouble  a  piece  of  coal  which  was  of  very  inferior 
quality  ;  but  the  thickness  of  the  seam  could  not  be  ascertained. 

The  highest  and  last  outcrop,  the  IVth,  to  the  east,  is  exposed  to  some  extent. 
On  the  underlying  sandstones  appear  thin-bedded  carbonaceous  micaceous  shales, 
with  fragmentary  fossils,  then  the  coal  seam  about  2'  thick  (at  this  place)  ;  then 
shales  and  sandstones.  The  only  fossils  I  could  observe  were  fragments  of  a 
Glossopteris. 

As  the  last  to  be  mentioned  are  the  outcrops  about  eight  miles  to  the  north¬ 
west  of  Shapur  in  the  Bhoura  naddi  (also  Suk-Tawa), 

Outorops  ill  ^  tlie  Bhoura  (.Jose  to  the  village  Sonada.  There  are  several  outcrops 
naddi  near  Sonada.  ,  -ii  iiinin 

three  quite  close  to  each  other  in  the  northerly  bend  ot 

the  river  at  the  village,  but  they  are  much  concealed,  and  no  fossils  could  be  pro¬ 
cured.  It  would,  however,  not  appear  improbable  that  some  of  these  outcrops  at 
Sonada  represent  those  in  the  Suki  river  north-east  of  Tekripiira. 

On  my  return  way  from  Shapur  to  Itarsi  (Great  Indian  Peninsula  Railway) 
I  made  a  search  round  Kesla  in  the  Denwa  group.  I  think  I  found  the  decomposed 
mottled  shales  from  which  Glossop)teris  had  been  procured ;  but  to  my  regret  failed 
to  find  any  fossils.  . 
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I  may  now  mention  that  all  these  sedimentary  rocks  of  the  Satpnra  coal- 
basin  (south  of  the  Narbada)  constitute  an  unbroken  series  of  beds  of  the  Gond- 
wana  system  from  the  Talchirs  (the  lowest)  to  the  Jabalpur  group  (the  highest), 
all  being  generally  conformable,  or  very  nearly  so.  The  Jabalpur  group,  the 
Bagra-Denwa  group,  and  the  Pachmari  sandstone  form  the  upper  portion  of  the 
Gondwana  system,  while  the  beds  from  the  shales  immediately  under  the  Pach¬ 
mari  sandstones  dowm  to  the  Talchirs  constitute  the  Lower  Gondwanas. 

The  Loiver  Gondwanas  in  the  Satpura  basin  can  therefore  perhaps  be 
classified  thus — 


c.  The  shaly  beds  immediately  below  the  Pach¬ 
mari  sandstone  south  of  the  Mahadeo  hill 
near  Almod  and  Rorighat ;  soft,  earthy  and 
sandy  micaceous  shales,  greenish-yellowish, 
with  indistinct  plant  remains.  They  may, 
as  proposed  by  Mr.  Medlicott,  well  be  dis¬ 
tinguished  as  Almod  beds. 

h.  Mr.  Medlicott’s  Bijori  horizon.  Sandstones 
with  shales,  some  of  them  carbonaceous  and 
fossiliferous. 

c.  Mr.  Medlicott’s  Motur  horizon  ... 

d.  Barakars :  some  of  the  coal-beds  in  the  Sha- 

pur  coal-field. 

e.  Karbarbari  beds  in  the  Mohpani  coal-field  and 

some  of  the  seams  (near  Kotmi  and  Dolari) 
in  the  Shapur  coal-field. 

f.  Talchir  group  in  the  Mohp&i  and  Shapur 

coal-field. 

I  may  add  at  end  the  relations 
fossils — 


Probable  repi’esentatives  Panchetsub-division_ 
of  the  Panchet  group. 

Represent  the  Kamthi-  Bamuda  sub-division. 
Baniganj  group. 

Ironstone  shales  ?  ...  Ditto. 

Barakars  ...  ...  Ditto. 

Karharbari  beds  ...  Talchir  sub-division. 

Talchir  group  elsewhere  Ditto, 

of  the  several  horizons  as  regards  their 


a,  Jabalpur  group  :  fossiliferous,  plants  only,  of  middle  Jurassic  type  (but  also 
Glossojjteris  from  the  Sher  river) . 
h.  Bagra  group  (H.  B.  Medlicott)  :  no  fossils  known  at  present. 

c.  Denw’a  group  :  a  scute  of  a  Parasuch'an  crocodile  from  near  Jhirpa  (on 

the  Denwa  river)  and  some  plant  fragments  {Glossopteris')  from  near 
Kesla. 

d.  Pachmari  sandstone  :  no  fossils  known  at  present. 

e.  The  shales  immediately  below  the  Pachmari  sandstone :  indistinct  plant 

impressions  (Almod  beds). 

/.  Bijori  horizon :  shales  with  stalk  remains  :  Equisetaceoris  stalks,  Schizo- 
neura,  Glossopteris,  Pecopteris,  ^e. 

In  the  sandstones  w'as  found  a  portion  of  the  skeleton  of  a  reptile  said  to  be 
Archegosaiirus. 

g.  Motiir  horizon  :  no  fossils  known  up  to  date. 
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h.  Barakars  :  some  plant  remains  in  the  Sha^^ur  area  (^Olossopteris  and  Nog 

geratliiopsis) . 

i.  Karharbari  beds  :  in  the  Mobpani  coal-field  and  in  the  Sbapur  area  :  Equi- 

setaceous  stalks,  Oangamopteris,  Glossopteris,  Noggerathiopsis. 

1c.  Talcbir  beds  :  no  fossils  found  in  this  district. 


Statistics  op  coal  importations  into  India,  by  Theo.  W.  H.  Hughes,  Geological 

Survey  of  India. 

In  the  leisure  of  my  leave  on  furlough  I  have  attem2ited  to  gather  some  parti¬ 
culars  on  the  Indian  imports  of  coal  and  coke,  which  will,  I  think,  be  of  interest 
and  perhaps  of  some  little  value  to  those  readers  of  our  Records  who  are 
concerned  about  the  mineral  statistics  of  India.  I  had  myself  so  often  exj^eri- 
enced  the  want  of  some  I'eadily  accessible  reference,  which  should  contain  in  a 
connected  form  information  on  this  subject,  that  I  was  emboldened  to  undertake 
the  task  of  arranging  such  data  as  I  could  bring  together,  by  the  knowledge  that 
I  should  be  relieving  others  of  that  want.  For  a  large  portion  of  the  details 
here  given,  more  especially  those  relating  to  the  earlier  years,  I  am  indebted  to 
various  abstracts  and  reports  ^mblished  by  the  Board  of  Trade  and  placed  at  my 
disposal  by  Mr.  Robert  Hunt  of  the  Mining  Record  Office ;  for  the  rest,  I  have  to 
acknowledge  my  obligation  to  Mr.  Charles  Prinseji  of  the  Statistical  Department, 
India  Office.* 

The  annual  consumption  of  fuel  for  sea-going  and  river  steamers,  for  rail¬ 
ways,  for  factories,  and  for  other  purjioses  has  within  the  last  year  or  two  grown 
to  something  between  900,000  and  a  million  tons,  and  of  this  amount  it  may  be 
roughly  said  that  oue-half  is  foreign  coal.  However  much  this  circumstance  is 
to  be  regretted  by  those  who  are  interested  in  the  development  of  our  own  fields 
of  supply,  there  appioars  to  me  to  be  small  chance  of  a  diminution  in  the  ordinary 
rate  of  importation  until  native  coal  is  lightened  to  some  extent  of  the  heavy 
burden  of  charges  im^iosed  by  land  carriage  and  by  freights,  so  that  it  may 
compete  on  more  favorable  terms  than  at  present  with  its  rivals  at  the  western 
ports  of  the  Bombay  Presidency,  and  those  of  Madras  and  Buimah.  Our  three 
principal  coal  mining  districts,  Raniganj,  Karharbari,  and  the  Wardha  valley, 
are  so  situated  that  the  item  of  railway  transport  alone — even  in  the  case  of  the 
two  more  favourably  situated  fields,  the  Raniganj  and  the  Karharbari — trebles 
and  quadrujiles  the  actual  costs  of  the  coal  by  the  time  it  reaches  a  ]3ort  for  ship¬ 
ment ;  and  it  utterly  prohibits  the  sale  of  the  produce  of  the  Warora  colliery 
(Wardha  valley)  within  a  distance  of  200  miles  of  Bombay. 

Beginning  with  the  year  1853,  the  shipments  of  coal  and  coke  to  India  were 
43,562  tons.  Since  then,  after  the  lapse  of  a  quarter  of  a  century,  they  have  risen 
to  609,735  tons.  The  ratio  of  increase  has  not  been  by  any  means  steady  :  wars, 

■  Without  Mr.  Prinsep’s  assistance  I  should  have  found  my  undertaking  a  more  tedious  .affair 
than  I  at  first  imagined  it.  The  labor  involved  in  dealing  with  figures  is  very  inadequately 
represented  by  the  printed  space  they  occupy. 
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rumours  of  wars,  famines,  and  improved  home  freights  have  always  exercised  an  * 
irregular  influence  ;  as  during  the  past  two  years,  the  importation  having  jumped  i 
from  399,88/’  tons  in  1876  to  539,633  tons  in  1877,  and  to  609,736  tons  in  1878.  '  !’ 
Had  not  distm-hiug  causes,  such  as  the  Madras  famine  and  the  anticipations  of  ,  ; 
war,  been  at  work  in  1877,  it  is  probable  that  the  imports  of  coal  for  that  year  j 

would  not  have  amounted  to  more  than  420,000  tons  ;  and  under  peaceful  con-  | 

ditions,  the  figures  for  1878  would  have  been  considerably  less  than  they  actually 
were.  Our  main  supply  of  foreign  coal  has  hitherto  been  derived  from  the 
United  Kingdom,  the  contributions  furnished  by  other  countries,  with  the  excep-  L  t 
tion  of  Australia  and  France  during  spasmodic  periods,  being  insignificant.  The  1'. 
tonnage  of  imports  for  all  India,  from  all  countries,  commencing  with  the  year 
1853,  is  as  follows : —  [i  t 


Table  I. — Imports  of  coal  and  cole  to  India  from  1853  to  1878.  t 


r 

1853 

Coal  and  Coke 

43,562 

'i. 

1854 

» 

58,410 

1855 

>> 

41,987 

1856 

76,712 

1,1 

:\. 

< 

1857 

» 

82,078 

r 

1858 

f) 

92,983 

>■ 

o 

1859 

}) 

99,701 

CO 

1860 

74,263  a. 

i 

§ 

1861 

% 

CO 

1862 

i) 

174.862  b. 

t 

«3 

o 

1863 

tf 

122,722 

1864 

>f 

189,611 

1865 

216,985 

1866 

it 

228,319 

% 

r 

1867 

a 

257,652  c. 

.KS 

‘  S 

1868 

Coal 

Coke 

...  368,6181 
...  16,713  1 

385,331 

■s,  . 

1869 

Coal 

...  832,7181 

348,926 

S' 

Coke 

...  16,208) 

pd 

1870 

Coal 

Coke 

...  315,9351 
...  21,088) 

337,023 

o 

u 

c3 

1871 

Coal 

Coke 

...  269,396  1 
...  16,784  f 

286,180 

to 

1872, 

Coal 

Coke 

...  361,960  1 
...  12,224  / 

374,184 

CO 

' 

1873 

Coal 

Coke 

...  310,2651 
...  14.378) 

324,643 

d 

C 

1874 

Coal 

Coke 

...  354,2311 
5,672  ) 

359,903 

Qi 

1876 

Coal 

Coke 

...  ^60  251) 

...  6,288 ) 

366,539 

1876 

Coal 

Coke 

...  389,480) 

...  10,407  ( 

399,887 

1877 

Coal 

...  523,384  ) 

539,533 

Coke 

..  16,149) 

1878 

Coal 

Coke 

...  603,9041 
5,831) 

609,735 

.  .iu 

4 


(а)  The  returns  arc  qualified  by  the  statement  “  as  far  as  can  he  stated.' 

(б)  For  this  year  the  returns  are  not  complete  for  Bengal. 

(c)  For  eleven  months  only. 
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In  tlie  following  table  tlie  quota  of  coals  annually  supplied  by  eacb  country  is 
given  for  tbe  years  1870  to  1874  inclusive,  but  for  tbe  succeeding  periods  to  1877, 
I  have  only  noted  tbe  larger  contributions.  It  will  be  undei’stood  tbat  under  tbe 
bead  of  Holland,  Mauritius,  Red  Sea,  Aden,  Ceylon,  and  the  Straits,  it  is  “  transit 
coal”  and  not  “indigenous  coal”  that  has  been  exported  for  India; — 


Table  II. — Imports  of  coal  to  India  from  various  countries  from  1870  to  1877. 


1870. 

1871. 

1872. 

1873. 

1874. 

1875. 

1876. 

1877. 

United  Kingdom... 

301,864 

257,914 

348,725 

287,813 

330,635 

339,821 

359,680 

494,318 

Australia 

12,607 

8,942 

5,917 

1,511 

14,677 

4,652 

6,130 

798 

France 

415 

1,241 

454 

17,902 

5,676 

156 

1,111 

Germany 

10 

250 

5,007 

1,613 

1,710 

660 

... 

500 

Mediterranean  ports 

275 

... 

... 

Holland 

... 

102 

... 

Ilussia 

500 

... 

America 

460 

... 

441 

799 

687 

130 

2,146 

Mauritius 

... 

103 

... 

... 

Red  Sea 

50 

... 

... 

Aden 

120 

187 

136 

98 

... 

... 

Ceylon 

420 

363 

1,386 

218 

207 

... 

Straits 

... 

187 

74 

... 

... 

Java  ... 

400 

... 

... 

802 

400 

otter  countries  ... 

159 

188 

182 

44 

30 

Total 

315,935 

269,396 

361,960 

310,265 

354,231 

... 

... 

During  the  last  year,  the  shipments  of  Australian  coal  have  fallen  off  seriously  ; 
and  I  think  we  have  now  seen  almost  the  last  attemjrt  to  force  it  into  the  Indian 
market.  For  the  sake  of  reference,  I  give  the  imports  for  the  20  years  ended 
1877:— 

Table  III. — Imports  oj  Australian  coal  to  India  from  1857  to  1877. 


Tons.  Tons. 

1857  to  Bengal  ...  2,271  to  Bombay  ...  2,176 

1858  ...  14.061  ...  8,998 

1859  ...  4,278  ...  2,293 


86  ’  Records  of  the  Geological  Survey  of  India.  [v^ol.  xii. 

Table  III. — Imports  of  Australian  coal  to  India  from  1857  to  1877, — contd. 


Tons. 


Tons. 


1860  to  Ben 

gal  ...  10,008  to  Bombay 

...  8, 

1861  (a). 

. 

...  12 

1862 

...  7,191 

...  5, 

1863 

. 

1864 

...  13,292 

1865 

...  5,207 

1866 

...  6,376 

1S67 

...  7,465 

1868 

...  5,792 

1869 

...  9,257 

1870 

12,607 

1871 

...  8,942 

1872 

...  5,916 

1873 

...  1,511 

1874 

...  14,677 

1875 

...  4,652 

1876 

...  6,130 

1877 

798 

(a).  Returns 

for  Bengal  not  given  for 

1861. 

To  illustrate  the  distribution  of  the  imports  to  the  five  great  Provinces  of 
India,  I  have  selected  the  years  from  1870.  Bombay  is  by  far  the  largest 
receiver ;  the  cotton-mills  of  the  city  of  Bombay  and  the  railways  having  their 
terminuses  there  being  hea^-y  consumers  of  foreign  coal.  In  Bengal  the  railways 
and  nearly  all  the  steam-mills  burn  exclusively  the  produce  of  the  better  seams 
of  the  Eaniganj  field  and  those  of  the  Karharbdri  field  ; — 


Table  IV. — hnfoHs  of  coal  to  different  Pro olnees  of  ndia  from  1870  to  1877. 


1870. 

1871. 

1872. 

1873. 

1874. 

1875 

1870. 

1877. 

Tons. 

Tons 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Bombay 

239,651 

167,257 

220,884 

208,269 

216,543 

249,836 

260,080 

368,937 

Bengal 

42,443 

63,929 

89,775 

48,688 

82,120 

63,821 

61,091 

76,278 

Bunnah 

20,198 

26,731 

39,981 

36,715 

27,071 

33,301 

38,397 

47,770 

Madras 

11,648 

9,033 

9,390 

15,513 

25,043 

12,155 

20,275 

22,544 

Sind 

1,995 

2,426 

1,930 

1,079 

3,454 

1,138 

9,637 

7,855 

Total 

315,935 

269,395 

361,960 

310,264 

354,231 

360,251 

389,480 

523,384 
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TLough  Aden  and  Ceylon  do  not  come  within  the  official  limits  of  India,  I. 
append  the  few  following  statistics  for  comparison : — 

Table  Y .—ImpoHs  of  coal  to  Aden  and  Ceylon  from  1866  to  1876. 


1866. 

1867. 

1868, 

1869. 

1870 

1871. 

1872. 

1873. 

1874. 

1875. 

1876. 

Aden — 

Coal 

70,361 

115,572 

106,265 

62,610 

67,546 

87,394 

85,158 

75,569 

? 

74,797 

99,423 

Patent  fuel 

17,713 

5,630 

10,462 

15,027 

13,318 

13,434 

11,968 

13,106 

P 

3,486 

5,951 

Cetlon  — 

Coal 

63,174 

86,206 

67,589 

P 

P 

107,625 

62,555 

76,132 

? 

74,083 

81,789 

Patent  fuel 

8,579 

2,702 

9,647 

4,412 

14,446 

11,436 

6,076 

4,769 

? 

... 

Patent  fuel  fig-nres  to  some  extent  amongst  the  imports  to  Madras  and 
Bombay,  but  the  amounts  of  late  j'ears  have  been  quite  insignificant. 

London,  Decemlei  1878. 


DONATIONS  TO  THE  MUSEUM. 

Two  crystals  of  black  tourmaline  from  North  Hazaribagh,  by  Messrs. Foenaeo 
Bros. 

A  collection  of  fjssils  (about  1,006  specimens)  from  Carboniferous,  Triassic, 
Jurassic,  and  Tertiary  strata  in  the  Punjab  and  Kashmir,  by 
the  late  Dr.  A.  M.  VERcnfiEE. 


ADDITIONS  TO  THE  LIBRARY. 

From  1st  October  to  31st  December  1878. 

Titles  of  Books.  Donors. 

Ansted,  D.  T. — Water  and  water-supply  (1878),  8vo,  London. 

Encyclopeedia  Britannica,  Vol.  VIII,  9th  Edition  (1878),  4to,  Edinburgh. 
Gillmore,  Q.  a. — Report  on  the  comj)ressive  strength,  specific  gravity,  and  ratio 
of  absorption  of  the  building-stones  in  the  United  States 
(1876),  8vo,  New  York. 

Guide  du  Geologique  a  1  ’Exposition  Universelle  de  1878  et  dans  les  collection.s 
publiques  et  privies  de  Paris  (1878),  8vo,  Paris. 

H.  B.  Medlicott,  Esq. 


88 


Records  of  the  Geological  Surveg  of  India. 


[VOL.  XII. 


Titles  of  Books.  Donors. 

Henry  James. — .lEneidea :  critical,  exegetical,  &  sesthetical  remarks  on  the  HSneis, 
Vols.  I  &  II  (1878),  8vo,  Dublin. 

The  Author. 

Markham,  C.  R. — A  Memoir  on  the  Indian  Surveys,  2nd  edition  (1878),  8vo, 
London. 

Dept.  Rev.,  Agric.  &  Commerce. 

Trail,  G.  W. — An  elementary  treatise  on  Quartz  and  Opal  (1867),  8vo, 
Edinburgh. 

R.  TjYdetxKEii.  Eso. 


PERIODICALS,  SERIALS,  &c. 


American  Journal  of  Science  and  Arts,  3rd  Series,  Vol.  XVI,  Nos.  92—94 
(1878),  8vo,  New  Haven. 


The  Editors. 


Annalen  der  PhjMk  und  Chemie,  New  Series,  Vol.  V,  heft.  1  to  3  (1878),  8vo, 
Leipzig. 

Annales  des  Mines,  Series  7,  Vol.  XIV,  Liv.  4  (1878),  8vo,  Paris. 

L’admin.s.  des  Mines. 


Annals  and  Magazine  of  Natui’al  History,  5th  Series,  Vol.  II,  Nos.  9  to  11 
(1878),  8vo,  London. 

Athenasum,  Nos.  2656- — 2667,  (1878),  4to,  London. 

Bibliotheque  Universelle  et  Revue  Suisse,  New  Series,  Vol.  LVIII,  No.  229, 
LXIII,  Nos.  248-249,  and  LXIV,  No.  250  (1878)  8vo, 
Lausanne. 

„  Archives  dos  Sciences  Physiques  et  Naturelles,  New 

Series,  Vol.  LXIII,  Nos.  248  and  249  (1878),  8vo, 
Geneva. 

Chemical  News,  Vol.  XXXVIII,  Nos.  981-993  (1878),  4to,  London. 

Colliery  Guardian,  Vol.  XXXVI,  Nos.  924  936  (1878),  fob,  London. 

Geographical  Magazine,  Vol.  V,  Nos.  9-11  (1878),  Roy.  8vo,  London. 

Geological  Magazine,  New  Series,  Decade  II,  Vol.  V,  Nos.  9-11  (1878),  8vo, 
London. 

Journal  de  Conchyliologie,  3rd  Series,  Vol.  XVIII,  No.  3  (1878),  8vo,  Paris. 

London,  Edinburgh  and  Dublin  Philosophical  Magazine  and  Journal  of  Science, 
5th  Series,  Vol  VI,  Nos.  36  and  38  (1878),  8vo,  London. 

klining  Journal,  with  Supplement,  Vol.  XLVIII,  Nos.  2246  to  2258  (1878), 
fob,  London. 

Nature,  Vol.  XVIII,  Nos.  463-475  (1878),  4to,  London. 

Neues  Jahrbuch  fiir  Mineralogie,  Geologie,  und  Paleontologie,  Jahrgang  1878, 
heft  8-9  (1878),  8vo,  Stuttgart. 
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Titles  of  Books.  Donors. 

Paleeontographica,  Band  XXIV,  lief.  3-6,  and  XXV,  lief  1-5  (1877-78),  4to, 
Cassel. 

,,  Supplement  III,  lief  2-7,  and  III,  heft  2  (1876-78),  4to, 

Cassel. 

Paleontologie  Fran^aise,  2nd  Series,  Liv.  26,  Vegetaux,  Terrain  Jurassique, 
(1878),  8vo,  Paris. 

Petermann,  De.  a. — Greographische  Mittheilungen,  Band  XXIV,  Nos.  9-11 
(1878),  4to,  Gotha. 

„  „  Geographische  Mittheilungen,  Supplement,  Xo.  XXXIII. 

(1872),  4to,  Gotha. 

Quarterly  Journal  of  Science,  No.  LX  (1878),  8vo,  London. 

Zoological  Record,  Vols.  VIII  (1871)  to  XIII  (1876),  8vo,  London. 


GOVERNMENT  SELECTIONS,  &c. 


Central  Provinces:  Morris,  J.  H. —  Report  on  the  Administration  of  the 
Central  Provinces  for  1877-78  (1878),  8vo,  Nagpur. 

Chief  Commissioner,  Central  Provinces. 

India. — Catalogue  of  manuscripts  and  printed  reports,  field  books,  memoirs, 
maps,  &c.,  of  the  Indian  Surveys  in  the  map  room  of  the 
India  OfiBce  (1878),  8vo,  London, 

Department  op  Rev.,  Ageic.  &  Commerce. 

,,  Clarke,  Lieut. -Col.  W.  S. — Report  on  the  Administration  of  the  Khasia 
and  Jaintia  Hills  for  1877-78  (1878),  8vo,  Calcutta. 

Foreign  Department. 

„  List  of  Civil  Officers  holding  gazetted  appointments  under  the  Govern¬ 
ment  of  India  in  the  Home,  Legislative  and  Foreign 
Departments  on  1st  July  1878  (1878),  8vo,  Calcutta. 

Home  Department. 


„  Report  on  the  administration  of  the  district  of  the  Naga  Hills  for  1877-78 
(1878),  8vo,  Calcutta. 

Foreign  Department. 

„  Report  on  the  Political  Administration  of  the  Rajputana  States  for 
1877-78  (1878),  8vo,  Calcutta. 

Foreign  Department. 


>} 


Selections  from  the  Records  of  the  Government  of  India,  Foreign  Depart¬ 
ment,  No.  149.  Report  on  the  Administration  of  the 
Ajmere  and  Mhairwarra  districts  for  1877-78  (1878), 
•  8vo,  Calcutta. 


Foreign  Department 
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Titles  of  Books.  Donors. 

Lower  Provinces. — Report  on  tlie  Revenne  Survey  Operations  of  the  Lower 
Provinces  (1878),  flsc.,  Calcutta. 

Government  op  Bengal. 


TRANSACTIONS,  PROCEEDINGS,  &c.,  OF  SOCIETIES. 

Berlin. — Monatsbericht  der  konig.  Preuss.  Akademie  der  Wissenschaften  zu 
Berlin,  July  to  August  1878  (1878),  8vo,  Berlin. 

The  Imperial  Academy. 


Zeitschrift  der  Deutschen  Geologischen 
heft  3  (1878),  8vo,  Berlin. 


Gesellschaft,  Band  XXX, 
The  Society. 


Boston. — Proceedings  of  the  American  Academy  of  Arts  and  Sciences, 
Vol.  XXII,  pts.  2-3  (1878),  8vo,  Boston. 

The  Academy. 


Brussels.— Bulletin  de  la  Socidt^  Beige  de  Geographie, 
Brussels. 


No.  4  (1878),  8vo 
The  Society. 


Bdda  Pest. — Mittheilungen  aus  dem  Jahrbuch  der  kbn.  Ungar.  Geologischen 
Anstalt,  Band  IV,  heft  3,  V,  heft  1-2,  VI,  heft  1 
(1876-77),  8vo,  Buda  Pest. 

The  Institute. 


Calcutta. — Journal  of  the  Asiatic  Society  of  Bengal,  New  Series,  Vol.  XLVII, 
Part  1,  Nos.  2-3,  and  Part  II,  No.  3  (1878),  8vo, 
Calcutta. 


The  Society. 


„  Proceedings  of  the  Asiatic  Society  of  Bengal,  No.  IX  (1878),  8vo, 
Calcutta. 

The  Society. 

Copenhagen.— Memoires  de  I’Academie  Royale  de  Copenhagen,  6th  Series,  Vol.  XI, 
No.  5  (1878),  4to,  Copenhagen. 

The  Academy. 


Oversigt  over  det  kong.  danske  Videnskabernes 
(1878),  8vo.,  Copenhagen. 


Selskabs,  No.  1 
The  Academy. 


Dublin. — Transactions  of  the  Royal  Irish  Academy,  Vol.  XXVI  (Science)  Arts, 
Vols.  VI-XVI,  Lit.  and  Antiquities,  Vol.  XXVII,  pt.  1 
(1876-1878),  4to,  Dublin. 


The  Academy. 
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Titles  of  Books.  Donors. 

Dublin. — Proceedings  of  the  Royal  Irish  Academy,  Series  II,  Vol.  I,  No.  12; 

Vol.  II,  No,  7;  and  Vol.  Ill,  No.  1  (1877),  8vo,  Dublin. 

The  Academy. 

Glasgow. — Pi-oceedings  of  the  Philosophical  Society  of  Glasgow,  Vol.  XI,  No.  I 
(1878),  8vo,  Glasgow. 

The  Society. 

,,  Transactions  of  the  Geological  Society  of  Glasgow,  Vol.  V,  pt.  2 
(1877),  8vo,  Glasgow. 

The  Society, 

Lausanne. — Bulletin  de  la  Societe  Vaudoise  des  Sciences  Naturelles,  2nd  Series, 
Vol.  XV,  No.  80  (1878),  8vo,  Lausanne. 

The  Society. 

London.  -  Proceedings  of  the  Royal  Geographical  Society,  Vol.  XXII,  No.  6 
(1878),  8vo,  London. 

The  Society. 

„  Proceedings  of  the  Royal  Society  of  London,  Vol.  XXVII,  No.  189 
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Note  on  the  Mohpani  Coal-field,  ly  H.  B.  Medlicott,  M.A.,  Geological  Survey 

of  India. 

No  ground  in  India  has  been  so  frequently  noticed  in  these  pages  as  the 
Mohpani  coal-field,^  situated  on  the  south  side  of  the  Narbada  valley,  95  miles 
by  rail  below  (west-south- west  of)  Jabalpur,  and  at  the  northeim  edge  the  Satpura 
basin  of  the  Gondwana  rocks.  It  owes  this  distinction  to  three  circumstances : 
first,  to  its  position,  close  to  one  of  the  great  trunk  lines  of  railway,  and  as  the 
nearest  open  source  of  coal  to  north-western  India ;  its  distance  from  Allahabad 
is  322  miles,  or  83  miles  nearer  than  the  Karharbari  field,  from  Avhich  all  the 
coal  for  the  line  up  to  Delhi  and  Lahore  is  at  present  drawn  and  its  distance 
from  Kandwa,  the  junction  of  the  Indore  and  Neemuch  line,  is  196  miles,  or 
122  miles  nearer  than  the  Warora  colliery  to  the  same  point. 

The  second  circumstance  which  gives  importance  to  Mohpani  is,  that  it  is 
the  only  easily  accessible  coal-field  in  this  region.  It  has  been  known  from  the 
first  that  the  only  outcrop  of  the  coal-measures  along  the  northern  edge  of  the 
Satpura  basin  is  at  Mohpani ;  and  the  failure  of  the  boring  experiments  made 
during  the  past  four  years,  under  orders  of  Government,  and  of  which  an 
account  has  been  published  in  the  papers  referred  to  above,  has  fairly  established 
that  the  coal  is  not  within  easy  reach  at  any  other  point  along  that  line — a 
conclusion  which  indirectly  gives  an  indefinitely  increased  value  to  the  Mohpani 
field. 

The  third  circumstance  which  has  brought  Mohpani  so  frequently  under 
ofiicial  notice  is,  the  possibly  precarious  nature  of  the  supply  in  that  field.  The 
long  protracted  doubt  on  this  point  has  been  entirely  owing  to  the  timorous  and 

1  Mem.  G.  S.  I.,  Vol.  II,  Ft.  2,  1859;  Vol.  X,  Ft.  1,  1873.  Eec.  G.  S.  I.,  Vol.  III.  Ft.  3, 
1870  ;  Vol.  IV,  Ft.  3,  1871 ;  Vol.  V,  Ft.  4,  1872 ;  Vol.  VIII,  Ft.  3,  1875. 

2  The  opening  of  the  Falamow  fields,  by  the  most  direct  line,  wonld  remove  tliis  advantage. 
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inefficient  management  of  the  mining  operations,  especially  for  works  of  explora¬ 
tion,  by  the  Xarhada  Coal  Company,  within  whose  property  the  known  field  lies. 
The  mines  were  started  at  or  close  to  the  outcrop  in  the  Sitariva  river  and  within 
n  short  distance,  in  both  directions,  the  coal  was  found  to  be  cut  out  against 
two  intersecting  planes  of  faulting,  the  calculable  amount  of  coal  being,  of 
course,  limited  to  what  lay  in  the  small  triangular  area  between  these  planes 
and  the  outcrop.  There  never  was  any  reasonable  doubt  that  the  coal  did 
occur  outside  these  faults  in  one  or  other  direction,  or  in  both ;  and  confidence 
in  the  resources  of  the  field  was  sufficient  to  guarantee  the  construction  of  a 
full-gauge  branch  railway,  13  miles  long,  from  Gddarwar-a  to  the  pits ;  still, 
as  time  wore  on,  the  urgency  of  proving  the  extent  of  the  field  became  more 
and  more  pressing,  so  as  at  least  to  be  prepared  to  break  fresh  ground  before 
the  original  small  block  of  coal-measures  became  exhausted. 

There  were  two  directions  for  these  explorations :  one  to  the  south-east, 
to  the  dip  of  the  measures,  towards  the  main  area  of  the  basin ;  the  other  to 
the  north-east,  on  the  local  strike  of  the  measures.  The  objections  to  the  latter 
ground  were,  that  the  disturbance  of  the  rocks,  ah'eady  a  sufficient  difficulty  in 
the  existing  workings,  was  known  to  be  indefinitely  greater  to  the  north  ;  and,  that 
being  also  the  direction  of  the  edge  of  the  basin,  there  was  an  extra  presumable 
risk  of  original  banking  out  of  the  seams.  The  fear  in  the  other  direction  was 
that  the  measures  might  be  let  down  to  an  inaccessible  depth ;  but  of  this  opinion 
there  was  no  confii-mation  in  the  outcrops,  which  are  fairly  exposed  in  the  bed 
of  the  river.  These  considerations  were  repeatedly,  but  ineffectually,  urged 
upon  the  mining  administration.  The  ground  to-  the  north-east  was  super¬ 
ficially  the  easier  to  explore,  and  efforts  were  chiefly  spent  upon  it,  but  without 
the  smallest  success.  Borings  were  also  attempted  to  the  south,  and  even  a 
new  shaft  begun  in  that  direction ;  but  in  no  case  was  the  trial  carried  far 
enough  to  touch  the  coal,  even  at  the  depth  calculated  from  the  dips,  tvithout  any 
allowance  for  possible  small  downthrow. 

When  I  visited  the  field  in  December  1876,  in  company  with  Mr.  Hughes, 
the  uncertainty  was  still  pending,  no  advance  having  been  made  with  the  ex¬ 
ploration,  and  the  original  block  of  measures  was  being  rapidly  worked  out. 
The  trials  in  other  parts  of  the  Satpura  basin  were  then  in  progress,  but  hopes  of 
success  were  waning,  and  altogether  the  prospects  of  mining  enterprise  in  this 
part  of  India  seemed  at  its  lowest  ebb.  When  in  October  1878  the  last  experi¬ 
mental  trial  outside  the  Mohpani  field  had  failed  to  prove  coal,  the  necessity  for 
a  proper  exploration  of  the  ground  within  that  field  became  imperative.  To  urge 
this  point,  and  to  see  what  had  been  done  since  the  close  of  1876,  I  visited 
the  collieries  in  March  of  this  year. 

It  was  said  above  that  there  never  had  been  any  valid  doubt  upon  the 
extension  of  the  seams  to  the  south-east ;  that  there  was  no  evidence  for  the 
supposition  of  a  great  fault,  throwing  the  measures  down  out  of  reach  on 
that  side ;  still,  until  the  gi’ound  was  proved,  anxiety  could  not  be  altogether 
allayed.  In  1870  (see  Bees.  Gcol.  Surv.  India,  Vol.  Ill,  p.  69),  I  pointed  out 
that  “the  best  means  of  immediately  testing  the  southern  extension  of  the 
measures  is  from  shaft  No.  2,”  which  had  been  long  since  abandoned  on  account 
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of  tlie  influx  of  watei’  when  the  coal  was  reached.  In  December  1876  an 
attempt  was  being  made  to  fix  pumping  gear  in  this  shaft ;  and  the  new  manager, 
Mr.  J.  A.  Maughan,  m.  e.,  who  took  charge  of  the  mines  at  the  beginning  of 
1877,  seems  to  have  pushed  on  this  work  with  vigour,  for  on  the  occasion  of 
my  recent  visit,  in  Maix;h  last,  I  found  that  all  the  coal  that  was  then  being 
raised  was  by  this  shaft,  from  workings  to  the  south,  extending  to  about  360 
feet  from  the  shaft,  beneath  the  covering  Mahadeva  rocks,  and  quite  beyond 
the  presumable  position  of  any  great  east- west  fault.  In  these  new  workings 
the  main  (30')  seam  is  in  full  force,  and  also  the  lower  seam. 

Thus  whatever  apprehension  may  have  existed  regarding  the  supply  of  coal 
in  this  field  may  be  laid  aside.  The  condition  of  the  seams  in  the  new  ground 
opened  by  Mr.  Maughan  gives  every  reasonable  expectation  of  an  abundant 
supply,  within  a  moderate  depth  from  the  surface. 

Still  the  difficulties  of  the  enterprise  are  not  at  an  end.  The  evil  effect.s 
of  protracted  neglect  of  sj'stem  and  forethought  are  not  to  be  overcome  in 
a  moment ;  and  the  output  of  the  colliery  cannot  be  counted  upon  with  any 
certainty  until  those  defects  are  removed,  and  a  proper  sy.stem  of  mining  estab¬ 
lished.  As  has  been  already  stated,  all  the  old  openings,  shaft  No.  2  amongst 
them,  are  at  or  near  the  outcrop  of  the  seams,  so  that  the  coal  lies  chiefly  at 
a  lower  level  than  in  the  shaft ;  and  the  dip  of  the  seam  being  still  considerable 
and  variable,  the  difficulties  of  raising  the  coal  and  of  draining  the  mine  in¬ 
crease  rapidly  as  the  work  advances.  Until  a  new  shaft  is  in  working  order 
well  to  the  deep  of  all  the  present  openings,  a  large  and  regular  output  of  coal 
cannot  be  depended  upon. 

Notice  may  here  be  given  of  the  concluding  operations  in  search  for  coal 
outside  the  Molqodni  field,  in  continuation  of  that  given  in  the  Annual  Report  for 
1877  (Rec.  Geol.  Surv.  Ind.,  vol.  XI,  p.  7).  The  Anjan  boring,  mentioned 
as  then  in  progress,  was  carried  to  a  depth  of  350  feet  (11th  May  1878)  without 
piercing  the  covering  red  rocks  of  the  Mahadeva  series.  This  was  the  last 
trial  to  find  the  coal-measures  in  proximity  to  the  detached  inliers  of  the 
Talchirs. 

There  remained  but  one  position  favorable  for  a  trial,  and  where,  I  must 
confess,  I  looked  with  very  great  hopes  for  success.  It  is  close  to  the  south¬ 
east  of  the  village  of  Bauer,  or  Benar,  at  the  very  edge  of  the  Narbada  Com¬ 
pany’s  land,  in  ground  formerly  held  by  the  Sitariva  Coal  Company,  when  a 
shaft  had  been  begun,  by  my  advice,  at  this  spot.^  It  is  less  than  half  a 
mile  from  the  seams  in  the  Sitariva  ;  an  oittcrop  of  coal-measure  sandstone  (or 
a  rock  undistingui.shable  from  it)  occurs  north  of  the  village,  and  the  shaft 
begins  in  the  red  covering  rock,  so  that  unless  the  coal  dies  out  within  that 
short  distance,  or  some  undetected  unconformity  occurs  between  the  formations, 
there  seemed  a  certainty  of  striking  the  coal  here,  and  I  recommended  to  Gov¬ 
ernment  that  a  boring  should  be  put  down  in  continuation  of  the  old  shaft. 

This  boring  commenced  on  the  24th  February  1878,  the  water  and  mud 
having  been  cleared  from  the  shaft,  which  was  found  to  be  118  feet  deep, 

•  See  Rec.  Geol.  Surv.  Ind.,  Vol.  IV,  p.  68. 
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and  the  bottom  13  feet,  which  was  not  walled,  consisted  of  phrple  clay,  brittle 
and  falling  off  in  flakes.  At  179  feet  the  red  rocks  were  passed  through. 
The  dip  and  the  distances  from  the  boundary  not  being  accurately  known,  on 
account  of  the  covered  nature  of  the  ground,  no  exact  calculation  could  be 
made ;  and  in  such  massively-bedded  rocks  any  such  calculation  could  only  be 
approximate ;  but  at  a  probable  estimate  of  a  dip  of  20°  and  a  horizontal  distance 
of  500  feet,  this  proved  depth  and  thickness  of  the  Mahadeva  rocks  is  about 
what  should  occur  under  the  assumed  condition  of  conformity ;  and  at  least  it 
proves  that  between  this  spot  and  the  boundary  there  can  be  no  great  post- 
Mahadeva  fault,  with  southerly  downthrow. 

At  179  feet  the  boring  entered  on  sandstone,  grey  and  white,  felspathic, 
most  like  the  coal-measure  rock ;  and  our  hopes  were  very  strong  that  coal 
would  soon  be  struck,  as,  in  the  supposed  normal  section,  it  all  lies  within  the 
top  160  feet  of  the  measimes.  Carbonaceous  shale  and  even  fragments  of  coal 
appeared  in  some  of  the  samples,  but  only  to  delude  our  hopes,  for  the  boring 
was  continued  to  a  depth  of  426  feet,  or  247  through  the  lower  formation, 
without  any  better  result,  so  I  recommended  the  work  to  be  stopped. 

In  attempting  to  account  for  this  section,  several  conjectures  are  apparent. 
It  may  be  that  the  carbonaceous  measures  passed  through  are  not  the  true 
coal-measures,  but  only  the  carbonaceous  measures  of  the  middle  Mahadeva 
horizon,  such  as  were  found  at  Tundni,  eight  miles  to  the  west;  but  the  total 
absence  of  such  beds  in  the  clear  section  in  the  Sitariva,  within  half  a  mile  of  the 
boring,  makes  this  supposition  the  least  probable.  There  is  then  the  possibility 
that  within  this  short  distance  the  coal  seams  may  have  died  out  ;  this  is  the  most 
unfavourable  view  of  the  ease,  and  one  that  seemed  unlikely,  considering  the 
great  regularity  of  the  bottom  seam  in  the  lower  mine,  north  of  the  river ;  but 
it  is  a  chance  that  must  not  be  lost  sight  of  in  our  Indian  coal-fields,  especially 
in  these  lower  measures ;  indeed,  in  this  same  bottom  seam,  I  have  observed 
something  very  like  an  original  extinction,  in  the  section  of  the  “new  incline,” 
where  the  coal  passes  rapidly  into  a  sandy  shale,  never  having  come  to  the 
surface  on  the  rise  of  the  little  hill.  A  third  supposition  is,  that  the  boring 
chanced  upon  a  band  of  disturbance,  and  so  passed  down  between  the  broken 
and  displaced  seams.  The  mixed  nature  of  the  samples  at  and  below  a  depth 
of  325  feet  gave  some  support  to  this  supposition,  and  it  was  the  one  I  felt 
inclined  to  adopt. 

The  facts  disclosed  by  the  new  working  at  the  mines  dispose  me,  however, 
to  think  that  we  have  here  to  deal  with  original  features  of  the  deposits.  The 
lie  of  the  seams  south  of  shaft  No.  2  is  not  quite  what  would  be  inferred  from 
the  outcrops :  the  strike  is  more  nearly  due  south ;  and  in  rising  to  the  west 
the  coal  is  stopped  out  against  a  steeper  sloping  face  of  sandstone.  Mr.  Maughan 
has  had  to  deal  with  many  slips  and  crushing  of  the  seams  in  these  new  work¬ 
ings,  but  they  have  all  proved  only  temporary  obstructions,  save  this  one  on  the 
west.  To  pi'ove  it  thoroughly  he  had  a  boring  put  down  from  the  surface  at 
a  point  about  200  feet  west  of  this  stoppage.  At  140  feet  the  red  rocks  were 
passed  through ;  here  again,  as  at  Baner,  this  depth  indicating  the  general  con¬ 
formity  of  the  groups.  Below  140  feet  the  bore  passed  through  270  feet  of  coal- 
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measure  rocks,  “  grey  post  and  blue  metal,”  e.,  sandstone  and  dark  claj^  to  the 
total  depth  of  410  feet,  without  a  sign  of  coal.  We  can  hardly  again  haye 
recourse  to  the  conjecture  of  a  space  between  faulted  ends  of  the  seams.  The 
one  supposition  that  meets  all  the  local  facts  is  that  of  original  limitation. 

I  said  above  that  this  is  the  least  favourable  view  to  take,  as  of  course  if  the 
interruption  were  only  due  to  faulting,  the  recurrence  of  the  seams  could  be 
counted  on,  w^hereas  no  diagnosis  of  the  ground  can  do  more  than  guess  at  vari¬ 
ations  of  original  distribution.  I  do  not  think,  however,  that  there  need  be  any 
alarm  on  this  score  for  the  immediate,  or  even  for  the  distant  future.  I  cannot 
but  think  that  there  must  be  a  great  store  of  coal  beneath  the  Malpi  (Mulpec) 
plain,  and  south  of  it  up  the  valley  of  the  Sitariva. 


On  Pyrolusite  with  Psilomelane  occerrinq  at  Gosalpur,  Jabalpur  District, 

F.  R.  Mallet,  F.  G.  S.,  Geological  Survey  of  India. 

The  existence  of  manganese  ore  at  Gosalpur  appears  to  have  been  known 
for  a  long  time  past,  and  the  mineral  has  been  in  use  to  some  little  extent 
amongst  native  glass  makers  in  the  neighbourhood.  It  was  first  brought  to 
the  notice  of  Government  by  Mr.  W.  G.  Olpherts  in  187S,  to  whom  we  are 
indebted  for  specimens  subsequently  received.  Lately,  the  Deputy  Commissioner, 
Colonel  Playfair,  has  again  called  attention  to  this  ore  and  asked  for  infor¬ 
mation  regarding  it.  Within  the  last  month  Mr.  Medlicott  has  visited  the 
locality,  and  reports  upon  the  deposit  as  follows  : — 

“  The  sections  available  for  examination  were  very  poor  indeed,  only  shallow 
holes,  5  or  6  feet  deeji,  along  an  iivegular  line  some  20  yards  in  length,  on  the 
outskirts  of  the  village  of  Gosalpur,  at  the  base  of  the  low  ridge  on  which  the 
dak  bungalow  stands.  The  well  in  the  village,  from  Avhich  also  the  ore  was 
obtained,  is  at  a  slightly  lower  level,  about  120  yards  nearly  due  east  of  the  shallow 
pits,  but  it  was  not  available  for  examination.  I  have,  however,  satisfied  myself 
that  the  deposit  is  not  a  vein  or  lode,  and  that  it  has  no  apparent  connection  with 
any  vein  or  lode  in  the  underlying  transition  rocks.  It  is  not,  either,  a  layer  or 
bed  in  the  formation  in  which  it  occurs,  which  is  laterite,  but  is  h’regularly 
distributed  throughout  this  rock  in  lumps  of  various  shapes  and  sizes.  These 
mostly  have  a  spongy  or  cellular  structime,  but  some  jiieces  of  very  compact  ore, 
more  or  less  reniform,  were  found.  This  laterite  is  of  the  older  type :  at  least 
in  the  exposed  sections  I  could  not  detect  any  palpable  debi’is,  which  generally 
characterizes  the  secondary  or  detrital  laterite.  It  is  therefore  presumable  that 
the  lumps  of  ore  are  innate,  and  that  the  manganese  is  an  integral  comjionont  of 
the  laterite  in  this  position.  The  ore  in  the  little  pits  is  at  a  higher  level  than  in 
the  well,  which  is  still  in  laterite  at  the  water  level,  45  feet  from  the  surface, 
and  where  the  ore  seems  to  occur  at  any  level.  It  is,  I  think,  reasonable  to 
conjecture  some  local  source  for  such  an  unusual  ingredient  in  so  wide  spread 
a  rock  as  the  laterite ;  but  the  underlying  rocks  are  greatly  concealed  by  the 
laterite  itself,  or  by  alluvium,  and  no  vein  of  this  mineral  may  be  found  in  the 
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few  exposed  outcrops :  manganiferous  iron  ore  is,  however,  known  to  occur  in 
these  rocks,  more  to  the  north  at  Mogala  and  Jauli. 

“  Although  the  nature  of  the  deposit  is  thus  moi’C  or  less  obscure,  I  see  no 
reason  to  doubt  that  a  large  supply  of  this  ore  may  he  depended  on  at  Gosalpur.” 

The  ore  is  dark  steel  gray,  finely  crystalline,  pyrolusite,  mixed  with  a  varying 
proportion  of  psilomelane.  Some  lumps  are  almost  free  from  the  latter  mineral, 
others  contain  a  considerable  amount ;  hut  on  the  whole  the  psilomelane  is  very 
subordinate  to  the  pyrolusite.  The  exterior  of  the  lumps,  and  the  surfaces  of  most 
of  the  internal  cavities  are  more  or  less  coated  by  oxide  of  iron. 

A  carefully  selected  average  sample  of  the  ore  yielded  on  analysis — 


(  Manganese  calculated  at  protosesquioxide 

75-86 

Oxygen  ...  ... 

9-96 

Iron,  sesquioxide  (with  trace  of  alumina) 

4-53 

Baryta 

3-65 

Phosphoric  acid 

-28 

Insoluble  in  hydrochloric  acid  .., 

...  2-74 

Combined  water 

2-41 

Hygroscopic,  water 

-28 

99-61 

The  ore  contains  54'66  per  cent  of  manganese,  and  3T7  of  iron,  with  '28  of 
phosphoric  acid  and  no  sulphuric  acid.  It  contains  15-26  per  cent  of  available 
oxygen  =  83-00  per  cent  of  peroxide  ;  as  an  oxidizing  agent,  therefore,  it  is 
of  high  value,  the  average  run  of  manganese  ores  met  with  in  commerce  contain¬ 
ing  only  60  to  75  per  cent.  The  percentage  of  peroxide  in  the  ore,  calculating 
all  the  manganese  as  peroxide,  would  be  86-42  per  cent.,  but  the  presence  of  some 
psilomelane  reduces  the  available  percentage  about  3f  per  cent.  The  insoluble 
residue  is  chiefly,  or  entirely,  silica.  With  reference  to  the  presence  of  baryta, 
a  substance  so  commonly  met  with  in  psilomelane,  and  not  unfrequently  in 
pyrolusite,  it  may  be  mentioned  that  baryta  in  the  form  of  barite  occurs  in  some 
quantity  at  Imlia  near  Sleemanabad,  20  miles  north-east  of  Gosalpur. 


A  GEOLOGICAI.  KECONNOISSAXCB  FROM  THE  IXDUS  AT  KuSHALGAEH  TO  THE  KuKKAM  AT 
Thal  on  the  Affghan  Frontier,  hy  A.  B.  Wynne,  f.g.s,  &c.,  Geol.  Surv.  hid. 

In  volume  X.  of  the  Records,  I  gave  a  sketch  of  the  distribution  of  the 
tertiary  rocks  in  the  N.-W.  Punjab.  ‘  In  that  account,  and  in  the  maj)  accomjia- 
nying  it,  the  ground  immediately  along  the  Affridi  frontier  is  omitted.  In  order 

>  Tlio  information  given  regarding  Upper  Pun  jab  geology,  by  the  Geological  Survey,  being 
somewhat  scattered,  I  may  mention  that  the  most  important  areas  as  yet  examined  will  be  found 
referred  to,  besides  the  above,  in  Memoirs  Geol.  Siu-.,  Vol.  XI,  pt.  2  (Trans-Indus  Salt  Regionj,  also 
Qi-tly.  Jnl.,  Geol.  Soc.,  bond.,  Vol.)  XXX,  p.  61,  and  Vol.  XXXVI,  p.  347  j  a  memoir  on  the  Salt 
Range,  Mems.  Geol.  Surv.  Ind.,  Vol.  XIV.  On  the  neighbourhood  of  Murree,  Records,  Vol.  V, 
pt.  1,  and  Vol.  VII,  pt.  2.  On  Jamu  hills,  Records,  Vol.  IX,  pp.  49  and  155.  On  jjart  of  Upper 
Punjab,  Records,  Vol.  VI,  pt.  3.  On  Kharian  hills,  Records,  Vol.  VIII,  p.  48.  On  Sirban, 
Memoirs,  Vol.  IX,  pt.  2. 
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to  fill  this  gap,  as  far  as  possible,  taking  advantage  this  season  (1879)  of  my 
camp  being  on  the  frontier,  after  visiting  the  continuation  of  the  Salt  Range 
beyond  the  Indus,  I  carried  observations  as  far  as  Thai.  Owing  chiefly  to 
circumstances  connected  with  the  present  Alfghan  campaign  this  country,  a]way.s 
more  or  less  subject  to  frontier  difficulties,  presented  others  regarding  scarcity  of 
supplies,  necessitating  a  rapid  inspection  of  the  gi'ound. 

The  whole  of  the  country  immediately  to  the  east  and  south  is  within  the 
limits  of  the  great  fringing  belt  of  tertiaiy  rocks  which  borders,  where  it  does 
not  form,  the  outer  hills  of  the  Western  Himalayan  area  (taking  this  in  its 
extended  sense  to  include  all  the  most  northerly  Cis-Afi^ghan  mountains  of  the 
Punjab).  These  tertiary  rocks  of  the  neighbourhood  embrace  the  upper  and 
lower  Siwalik  sub-divisions  of  the  newer  mechanically  formed  bods,  and  also  very 
extensively  the  underlying  older  tertiary  “  Muirce  group,”  and  the  eocene 
(Subathu)  limestones ;  the  tw'o  last  passing  into'  each  other  by  alternation,  and 
the  limestones  becoming  largely  developed  westwards  in  the  Kohat  salt  field. 

The  whole  route  from  Kushalgarh  to  Thai  lies  in  the  Subathu  zone,  for  93 
miles.  Cis-Indus,  all  along  the  northern  margin  of  the  Rawalpindi  plateau,  the 
country  is  traversed  by  what  I  have  called  the  abnormal  junction  featiu'o,  form¬ 
ing  the  inner  boundary  of  the  outer  tertiary  zone ;  it  is  coincident  with  the  base 
of  the  first  high  hills  rising  to  the  northwards ;  but  further  west,  trans-Indus, 
though  the  same  physical  relations  continue,  of  lofty  limestone  mountains,  com¬ 
prising  various  mesozoic  and  eocene  groups,  bordered  to  the  south  by  inferior 
hills  of  tertiary  age,  this  junction  feature  has  not  been  examined,  because  the 
higher  mountains  at  the  base  of  which  it  should  occur  are  all  but  entirely  occu¬ 
pied  by  the  u  ild  Affridis,  Zhuwakkis,  Akhor  Kheyls,  IJrukzais  and  other  Yagi, 
or  independent  tribes,  whose  country  is  closed  to  Europeans  by  British  authority, 
as  strictly  as  Chinese  Tibet  is  by  the  officials  of  that  region.  Discordance  of 
one  kind  or  another  is  the  strongest  characteristic  of  this  junction  feature,  by 
some  regarded  as  a  line  of  fracture,  by  others  as  an  unconformity  marking  a 
limit  of  deposition,  traceable  from  the  N.-W.  Punjab  to  the  Simla  area  of  the 
Himalayas,  possibly  much  fui-ther,  and  analogous  to  a  very  similar  feature  in  the 
structure  of  the  outer  Alps.  It  dates  from  the  Himalayan  mountain-forming 
disturbance,  posterior  to  earliest  eocene  times ;  and  it  is  remarkable  that,  although 
some  appearance  of  a  ti-ansition  from  the  older  nummulitic  limestone  masses 
north  of  the  line  into  the  newer  and  more  markedly  nummulitic  beds  to  the  south 
has  been  observed,  these  newer  beds  have  been  but  doubtfully  distingnished  north 
of  the  junction  in  the  Upper  Punjab.  The  weight  of  evidence,  such  as  it  is, 
goes  to  show  that  the  upper  nummulitics  ranging  south  of  the  junction  were, 
if  at  all,  but  sparingly  deposited  and  capriciously  distributed  over  the  region  to 
the  north ;  nor  is  it  at  all  certain  that  the  nummulitic  beds  north  of  the  junction 
may  not  be  but  a  local  development  of  older  eocene  limestones  along  the  inner 
(northern)  side  of  the  tertiary  zone. 

Kushalgarh,  where  the  Indus  is  now  crossed  by  a  bridge  of  boats,  is  the 
locality  given  for  some  mammalian  bones  and  teeth,  formerly  miscalled  the  Attock 
fossils,  which  present  certain  differences  from  Siwalik  forms,  as  pointed  out 
by  Mr.  Lydekker  in  those  Records,  Vol.  IX,  pt.  3,  Pal.  Ind.  Series  X.  2.  The 
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exact  place  wlicnce  these  fossils  were  procured  is  unknown,  and  several  efforts 
to  rediscover  it  have  failedd 

The  rocks  of  the  neighbourhood  are  on  the  horizon  of  the  lowest  Siwalik 
or  uppermost  Murree  beds,  here  quite  impossible  to  separate  by  any  distinctive 
petrological  character’,  a  difficulty  increased  by  the  scarcity  of  fossils  of  any  kind. 
The  existence  of  fossil  timber,  however,  which  is  found  in  the  lowest  of  these 
groups,  though  not  always  present,  may  indicate  the  rocks  belonging  to  the  older 
group  of  the  two. 

The  ground,  though  open,  is  ridgy  and  rugged ;  the  beds  are  highly  inclined 
to  the  north  or  vertical,  and  run  in  dii’ections  from  E.  and  W.,  to  N.  E. — S.  W. ; 
they  include  soft  and  harder  greenish  and  gray  sandstones  with  red,  purple,  and 
occasionally  gray,  alternating  clays.  For  several  miles  westward  of  the  Indus,  its 
characteristic  gneiss  and  metamorphic  pebbles  are  thinly  scattered  over  the 
country  ;  but  I  was  unable  to  find  a  single  erratic,  i.  e.,  travelled  block  or  boulder 
such  as  are  so  numerous  aci’oss  the  river  about  Jand,  <kc. 

Eight  miles  to  the  northwards  are  hills  of  nummulitic,  limestones  of  the 
Subathu  character,  bent  up  in  compressed  folds,  and  associated  with  dark  shales, 
red  clays  and  gypseous  masses.  Sulphur  and  j)etroleum  springs  occur,  closely 
connected  with  the  upper  zones  of  these  limestones  and  clays,  as  on  the  right  bank 
of  the  Indus,  near  Dandi  hill  station  (where  there  are  appearances  of  once  exten¬ 
sive  sulphur  or  alum  works),  or  issuing  from  the  solid  limestone  in  the  Ungo 
pass. 

About  the  same  distance  still  further  northward,  the  main  inner  boundary 
of  the  Murree  and  Subathu  zones  is  over-slipped  by  the  hUl  nummulitic  limestone 
of  Kilabgash  mountain,  which  rises  immediately  norih  of  the  abnormal  junction 
feature,  and  includes  amongst  its  beds  jurassic,  if  not  other  secondary  rocks. 

Westward  of  the  ground  intervening  between  this  and  Kushalgarh,  the 
country  is  apparently  complicated,  alternations  of  the  limestones  with  rod  rocks 
of  Murree  aspect,  displaying  themselves  largely  in  the  southern  part  of  the 
Zhuwakki  Affridi  hills. 

From  Kushalgarh  westward  the  general  surface  rises  towards  the  command¬ 
ing  hill  of  Gurgurlot,  the  summit  of  a  range  which,  with  the  exception  of  rock 
salt,  repeats  all  the  essential  points  of  structure  observed  in  the  I’idges  of  the 
Kohat  salt  field. 

Approaching  this  hill,  the  purple  and  red  rocks  show  much  contortion,  and 
fold  round  the  greatly  disturbed  double  anticlinal  curvature  which  occupies  the 
range,  but  so  misshapen,  crushed  and  twisted  that  the  original  simplicity  of 
structure  is  greatly  obscured.  The  axis  of  these  folds  run  from  N.-E.  through 
S.-W.  to  a  westerly  strike.  Just  north  of  the  Gumbat  pass  another  ridge 
of  nummulitic  limestone  includes,  between  itself  and  Gurgurlot,  a  set  of  the 
dark  purple  and  red  sandstone  and  clay  beds  of  the  Murree  group,  as  a  synclinal 

'  Bones  seem  to  be  specially  uncommon  among  the  beds  of  ICnsbalgarh,  perhaps  all  the 
more  reason  for  their  occmTence  in  numbers  in  some  local  layer.  Such  a  situation  is  said  to  have 
been  found  several  years  ago,  3  miles  west  of  the  village,  in  a  cutting  for  the  Kohat  road,  near  .“t 
hurj  or  watch-tower. 


PART  2.]  Wynne:  A  geological  recomiomance from  the  hulns. 
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fold.  The  very  lowest  of  these,  at  their  contact  with  the  last-naentioned  limestone, 
contain  bones.  Rib  bones  and  fragments  only  were  found,  but  unfortunately  no 
teeth.  The  occurrence  of  these  so  low  in  the  sei’ies  shows,  however,  that  the  bone 
beds  of  the  Punjab  are  by  no  means  limited  to  the  upper  (or  Siwalik)  groups. 

It  is  on  the  southern  side  of  the  Gurgurlot  range,  at  Koteyri,  that  an  extra¬ 
ordinary  example  of  complete  inversion  occurs,  placing  the  eocene  limestone 
for  a  width  of  more  than  a  furlong  above  the  next  newer  group  of  sandstones  and 
clays  (see  Trans  Indus  Salt  Region,  Mem.,  Geol.  Sur.,  Ind.,  Vol.  XI,  pt.  2,  p.  20.) 

Besides  the  ordinary  succession  of  the  salt  region  tertiary  beds,  bands  of 
flaggy  limestone  here  appear  in  the  gypsum,  having  the  curious  structure  called 
cone-in-cone,  very  perfectly  developed. 

The  general  succession  observed  in  and  near  the  Gurgurlot  range  is  as 
follows  (in  natural  order)  : — 


Lower  Siwalik 
Murree  beds 

Eocene  Sabathu 


1 


5  Soft  greenish-gray  sandstones,  with  bones,  and  red  clays ;  the  sandstones 
sometimes  conspicuously  massed  together. 

4  Purple  sandstones  and  bright  red  or  purple  clays- 
3  Alveolina  and  other  fossiliferous  limestones. 

2  Red  clay  zones  of  the  Salt  Region  to  the  south. 

Gypsum  in  massive  beds  and  masses,  with  layers  of  dark  flaggy  limestone 
.  and  dark  grayish  clays. 


Some  of  the  springs  on  the  southern  .side  of  Q  urgurlot  are  said  to  be  saline, 
more  so  at  times  than  at  others.  The  range  declines  to  the  westward,  being  con¬ 
nected  by  lower  limestone  iddges  with  the  higher  ones  of  the  Bangdsh  hills. 
Both  the  latter  and  the  low  ridges  mentioned  expose  here  and  there,  interstrati- 
fied  with  the  limestones,  clay  and  sandstone  bands,  having  entirely  the  ordinary 
aspect  of  the  Murree  beds,  but  sometimes  including  coarse  sandy  calcareous  layers 
enclosing  nummulites,  or  bands  of  olive  clay.  An  alternation  of  this  kind  is  seen 
at  the  little  pass  on  the  Kohat  road  north  of  Lachi. 

In  the  neighbourhood  of  Gumbat  the  low  ground  seems  to  have  been  eroded 
chiefly,  if  not  entirely,  from  the  sandstones  and  clays  of  this  part  of  the  lower 
tertiary  rocks ;  and  in  every  escarpment  of  the  surrounding  country,  the  red 
rocks  are  seen  to  underlie  the  limestone  poiHion  of  the  radges.  This  appearance 
is  as  strongly  seen  as  anywhere  along  the  northern  side  of  the  Gurgurlot  ranges ; 
yet  when  followed  eastward  through  the  Gumbat  pass,  these  red  rocks  are  jrlainly 
resting  upon  the  limestones. 

Accejrting  this  as  the  normal  order,  it  would  bo  easy  notwithstanding 
appearances  to  suppose  the  limestone  in  all  cases,  or  nearly  all,  the  oldest  rock. 
But  further  west  this  is  found  not  to  be  the  case,  several  alternations  of  the 
limestones  and  sandstones  of  diflierent  thicknesses  taking  place  ;  so  that  it  becomes 
exceedingly  difficult  to  find  the  true  positions  of  these  limestones  and  red  rocks 
where  the  sections  are  isolated  or  much  contorted. 

From  Gumbat  to  Kohat  the  road  passes  for  8  miles  through  an  open  earthy 
or  stony  country  of  alluvial  flats,  terraces,  and  undulations  exposing  cither  the 
lower  tertiary  sandstone  and  clays,  or  limestones ;  the  G  urgurlot  range  lies  to  the 
south,  and  the  rugged  hills  of  Zhuwakki  land  are  approached  to  the  north,  show¬ 
ing  long  edges  of  limestone  cropping  out  above  the  red  Murrec-like  rocks. 

B 
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Wearer  to  Koliat,  about  Billotang,  low  barren  limestone  bills  are  entered, 
showing  many  undiilations  of  the  beds  at  all  angles  up  to  vertical,  and  several  of 
these  again  exhibit  the  same  alternation  of  the  limestone,  sandstone  and  red 
clays.  A  low  ridge  from  those  hills  stretches  towards  Kohat,  in  front  of  the 
lofty  and  highly  contorted  or  partially  scarped  limestone  mountains  of  the 
Affridis,  crossed  by  the  hired  pass  from  this  country  to  Peshdwur. 

The  remainder  of  the  distance  to  Kohat  (16  miles  from  Gumbat)  is  through 
flat  irrigated  country ;  but  in  the  ascent  from  the  station  to  the  pass  just  men¬ 
tioned,  dark  arenaceous  and  rusty  impure  limestones,  containing  Jurassic  and 
cretaceous  fossils,  are  folded  amongst  the  dark  gray  nummulitic  limestones  of  the 
hill  type  ;  and  the  line  of  abnormal  junction  traverses  the  country  from  east  to 
west  along  the  southern  face  of  the  Affridi  hills.  Further  north,  within  the  pass, 
much  of  the  gray  limestone  everywhere  visible  may  be  of  triassic  or  at  least 
mesozoic  age ;  a  sufiiciently  close  examination  to  decide  this  was  prevented  by 
political  reasons  at  the  time  I  traversed  the  pass. 

At  Kohat  one  is  close  to  the  frontier,  the  much  folded  and  contorted 
limestone  wall  of  the  Aifiidi  mountains,  rising  abruptly  fi'om  the  northern 
side  of  the  Bangash,  or  Kohat  Towey,  valley  and  attaining  greater  elevation 
as  the  mountains  run  westward.  The  station  is  built  upon  a  stony  rising 
ground,  one  of  the  many  fan-like  accumulations  of  subaerial  detritus  at  the 
mouths  of  the  mountainous  valleys  of  the  Upper  Punjab^.  The  situation,  the 
vicinity  of  a  mass  of  limestone  mountains,  and  the  presence  of  coarse  stony 
superficial  deposits,  are  all  favorable  towards  the  existence  of  the  remarkable 
springs  which  occur  hei’e;  a  large  one,  over  which  a  musjid  has  been  built, 
sends  forth  a  jierpetual  great  stream  sufficient  to  turn  the  wheels  of  several  mills, 
and  to  water  the  whole  station.  Looking  towards  the  Bangash  valley,  famous  for 
its  fruit  trees,  its  limpid  streams,  and  the  cutting  cold  wind  which  blows 
down  it  on  winter  mornings,  the  high  mountains  lie  to  the  north,  and  a  long 
ridge,  also  of  limestome,  terminating  eastward  in  considerable  rugged  emi¬ 
nences,  closes  it  in  on  the  south.  This  southern  ridge  is  of  fossiliferous 
upper  nummulitic  limestone,  overlying  a  thick  band  of  such  gray  sandstones 
and  red  clays  as  are  common  in  the  Murree  group,  the  whole  dipjnng  rather 
steeply  to  the  south.  The  only  spot  at  which  the  northern  limestones  coaid 
be  inspected  was  near  a  group  of  ruins,  some  4  miles  from  the  station,  perched 
nearly  on  the  top  of  a  minor  spur.  The  limestones  here  were  found  to 
contain  dark  and  rusty  beds  distinguishable  even  from  the  road,  amongst 
which  Belemnites  and  fragments  of  other  cretaceous  Oeyhalojjoda  (as  deter¬ 
mined  by  Dr.  Waagen)  ■were  observed.  The  beds  as  usual  appeared  to  be  folded, 
but  from  a  distance  the  whole  face  of  the  mountains  presents  sufficient  of  a 
northerly  dip  to  give  them  a  decidedly  scarped  appearance.  Here  also  were 
found  the  ordinary  features  of  the  line  of  abnormal  junction  :  on  one  side  num¬ 
mulitic  limestones  interstratified  with  red  beds  of  the  older  tertiary  aspect,  and 
on  the  other,  different  hard  limestones,  including  bands  containing  Jurassic 

*  Finely  displayed,  I  - am  told,  along  the  upper  waters  of  the  Kurrain  river  in  Afghanistan, 
as  seen  from  the  Peiwar  Kotnl  route. 
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and  cretaceous  fossils,  tlie  beds  dipping  diversely  and  presenting  tbe  appearance 
of  fractured  displacement. 

The  valley  is  nai’row,  scarcely  a  mile  in  width,  the  frontier  line  sometimes 
not  more  than  half  that  distance  from  the  road,  and  the  surface  is  formed  of  a 
drab  saline  clay  soil  or  alluvium,  apt  to  harden  at  first  on  drying,  then  to  pulverise 
into  fine  dust,  and  to  form  rapidly  deep  fluid  mud  on  the  access  of  rain,  blear  the 
village  of  Kuz-Usturzai,‘  the  main  stream  is  joined  by  another  from  the  valley  of 
Samilzai  and  Murrai,  which  re-enters  the  mass  of  the  mountains  to  the  northward 
for  some  8  or  10  miles,  and  might  therefore  be  likely  to  expose  something  of  their 
geological  relation.  As  is  not  unusual  along  the  frontier,  this  recess  containing 
some  cultivable  ground,  is  included  within  the  British  boundary,  the  “  red  line” 
leaving  the  mountains  outside ;  still  it  was  considered  expedient  that  I  should  not 
enter  the  valley  without  an  increased  guard  and  special  arrangements,  which  the 
pressure  of  circumstances  precluded.  So  far  as  could  be  seen,  the  ground  within 
it  was  ti’aversed  by  low  limestone  ridges,  partly  continuous  with,  and  partly  re¬ 
peating,  the  features  of  the  adjacent  part  of  the  main  valley,  where  nothing  excepit 
eocene  beds  were  recognized.  On  the  north-eastern  and  northem  sides  of  this 
Murrai  valley,  the  lofty  limestone  escarpment  from  the  neighbourhood  of  Kohat 
was  observed  to  sweep  along,  broken  by  ravines  and  plateau-like  summits,  towai-ds 
Khuyukkai  Sir,  culminating  some  miles  to  the  westward  at  the  tabular  summits 
of  blazzeoghar  and  Dupah  Sir, — ^the  latter  over  8,000  feet  in  height,  faced  to  the 
south  by  stupendous  cliffs,  and  overlooking  the  high  valley  of  Tirah  to  the  north. 

In  these  cliffs  strong  zones  of  gray  limestone,  alternating  with  much  softer 
thick  bands,  pi'obably  of  shale,  could  be  seen  dipping  at  angles  of  30°  and  40°  in 
northerly  directions,  the  dip  becoming  more  marked  and  steeper  in  the  same  direc¬ 
tion,  away  to  the  westward.  The  stream  coming  from  these  mountains  brings  down 
pebbles  chiefly  of  dark  gray  limestone  in  which  fossils  are  concealed  or  absent,  but 
the  rock  looks  and  smells  like  the  hill  variety  of  the  nummulitic  limestone ;  there 
are  also  a  few  of  light-coloured  fossiliferous  nummulitic  limestone,  others  of  a 
greenish  semi-oolitic  limestone,  containing  parts  of  bivalve  shells  with  strongly 
marked  umbones  and  many  large  blocks  of  hard  white  quartzite  sandstone. 

The  road  to  Hangu  rises  from  the  alluvium  of  this  stream  on  to  flat-topped 
Karexoah  hills,  fonned  of  horizontal  boulder  conglomerates,  from  40  to  100  feet 
thick,  beneath  which  are  vertical  grayish  dull  sandstones  and  bright  red  clays. 
These  last  are  seen  again  edging  the  bases  of  long  low  nummulitic  ridges  to  the 
northward,  which  dip  into  the  valley  in  various  northerly  dii-ections.  It  here 
becomes  evident  that  the  Hangu  valley  is  excavated  upon  the  softer  much  dis¬ 
turbed  red  clays  and  sandstones  underlying  and  interstratified  with  thick  zones  of 
the  Alveolina  and  other  upper  nummulitic  limestone,  the  Avhole  arrangement 
being  not  unlike  that  of  the  Subathu  beds  in  many  places  along  the  north  of  the 
Rawalpindi  plateau,  but  on  a  much  lai'ger  scale.  Deep  excavation  in  the  valley 
beds  and  the  stony  hills  they  form  continue  to  the  camping  ground  of  Sherkot, 
12  miles  from  Kohdt,  and  there  is  nothing  in  the  structure  of  the  ground  within 
British  territory  here  to  mark  the  westerly  continuation  of  the  discordance 


*  Coimnoiily  called  “  Sthoorzee”  by  tbe  natives. 


Records  of  the  Oeological  Survey  of  India. 


106 


[vOL.  XII. 


between  the  mimmnlitic  beds  of  the  vicinity  and  the  limestones  of  the  monn- 
tains  to  the  north. 

In  the  next  march,  to  Ibrahimzai  (8  miles),  another  stream  from  the  nor¬ 
thern  hills,  having  a  long  easterly  course  from  behind  the  Samana  ridge,  is 
crossed  at  Raiss  ;  the  boulders  in  the  stream  being  of  similar  kinds  to  those  pre¬ 
viously  mentioned.  The  valley  here  becomes  much  more  confined  and  hilly, 
and  at  the  fifteenth  mile  from  Kohat  is  obliquely  crossed  by  the  ridge  which  has 
hitherto  bordered  it  on  the  south,  the  river  finding  its  way  through  a  deep  gap 
called  Khwajahkhezal.  In  the  ascent  to  where  the  road  is  led  through  this 
pass,  on  the  northern  bank  of  the  stream,  as  in  some  hills  to  the  eastward,  the 
more  solid  limestone  of  the  ridges  is  seen  to  overlie  compact  lumpy  gray  or 
drab  Alveolina  limestone,  which  rests  upon  strong  gray  sandstones  immediately 
overlying  thick  red  clays ;  the  whole  folded  into  an  anticlinal  and  synclinal 
curvature.  From  the  top  of  the  pass  to  its  western  opening,  an  ascending  series 
with  a  dip  of  50°  or  60°  is  exposed,  thus — 

f-  Red  clays  ;  remains  of  a  band  several  feet  thick. 

Strong  nunmiulitio  limestones,  overlying  ...  234' 

Greenish  shaly  and  softer  beds,  concealed  by  talus  ...  219' 

Red  clays.  Obscured. 

Upper  numraulitic.  Thick  alternations  of  strong  bedded  and  shaly  lime¬ 
stone  and  greenish  shales ;  layers  of  the  lime¬ 
stone  crowded  with  fossils  ...  ...  268' 

^Grayish  and  purplish  sandstones  with  red  clays  ...  over  100' 


811' 

Westward  of  the  pass  the  valley  again  slightly  opens,  and  on  its  south  side 
higher  beds  of  the  limostono,  overlying  red  clays,  &c.,  with  a  southerly  dip,  forma 
ridge  extending  nearly  to  Ibrahimzai.  About  this  village  all  the  much  disturbed 
high-cliff-forming  limestone  ridges  strike  westward  obliquely  across  the  valley 
to  the  flanks  of  the  Samana  ridge. 

From  Ibrahimzai  to  Mirkhweli  (the  hill  sanitarium  for  Kohat,  having  an 
elevation  of  4,700  feet),  5  miles  to  the  south-east,  many  alternations  of  the 
limestones,  clays  and  sandstones  arc  exposed,  at  first  nearly  vertical,  then 
forming  a  wide  sjmclinal  basin,  over  the  central,  east  and  west,  axis  of  which 
is  the  little  station  of  Mirkhweli.  All  these  beds  are  higher  in  the  series  than  those 
of  the  succession  given  above,  and  have  an  estimated  thickness  of  fully  4,000  feet. 

The  northern  slopes  and  precipices  of  these  hills  are  much  concealed  by 
a  jangle,  often  densely  luxuriant,  of  Kao,  Fulldi,  Mazmrra  (dwarf  palm), 
Suuhettii  and  other  bushes,  sometimes  attaining  the  growth  of  trees,  and  support¬ 
ing  vines.  Hence  the  thicknesses  of  the  zones  in  detail  are  not  readily  distin¬ 
guishable,  though  they  may  be  roughly  stated  at  from  two  to  four  hundred  feet. 
The  following  series  was  here  made  out  (natural  order)  : — 


Fig.  1  (see  Maf). 

14.  Small  limestone  cap  on  summit  of  Mirkhweli. 

13.  Purple  clay  zone,  under  the  Deputy  Commissioner’s  house. 

12.  'Ihick  capping  of  gray  Alveolina  limestone,  forming  the  general  hill  top. 
11.  Red  and  purple  earthy  and  sandstone  rooks  of  the  aspect  of  Murree  beds. 
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Numeroiis  fragments  of  a  gray  (green-weathering),  coarse  calcareous  sand¬ 
stone,  conglomeratic  with  fragments  of  quartzite  and  white  hornstone,  are  scattered 
over  the  slopes  of  Mirkhweli  formed  by  this  zone ;  its  presence  in  situ  here  can 
scarcely  be  doubted. 

10  Very  thick  zone  of  gray  Alveolina  limestone,  defining  the  basin  and  forming  the  summit  of 
Spirkhwet  hill. 

9.  Red  clays. 

8,  Very  thick  band  of  olive  clays. 

7.  Dark  feiruginous  and  greenish  gray  conglomerate,  pebbles,  white  chert  and  quartzite. 

6.  Compact  nummulitic  and  Alveolina  limestone. 

6.  Red  clay,  overlying  bands  of  dull  sandstone. 

4.  Thick  olive  clays  or  shales. 

3.  Red  clays. 

2.  Strong  ridge  of  gray  limestone. 

1.  Red  clays  and  dull-coloured  sandstones,  a  thick  band,  overlying  limestones  of  similar 
kind  as  above-noted. 

Beneath  these  last  mentioned  limestones  are  the  uppermost  beds  of  the 
succession  previously  given,  so  that  this  part  of  the  Sabfithu  group  appears  to 
have  a  thickness  of  5,000  to  5,500  feet,  roughly  estimated. 

From  the  summit  of  Mirkhweli,  looking  northwards,  a  fine  view  is  obtained 
of  the  lofty  limestone  mountains,  with  the  lower  Samana  ridge  in  front,  forming 
a  marked  anticlinal  curve,  its  southern  side  being  sheeted  with  inclined  curving 
beds  of  bare  rock  dotted  with  scattered  jungle,  while  the  ranges  behind  continue 
the  northem  slope  of  the  curve.  The  alternation  of  gray  limestone  and  thick 
softer  zones  is  very  visible,  but  nothing  redder  than  the  colour  of  the  withered 
Bubber  grass  could  be  seen  by  the  aid  of  a  field  glass.  These  mountains  in 
XJrakzai  are  so  high,  that  even  from  this  elevation  (2,000  feet  by  aneroid  above 
Ibraliimzai,  and  4,700  feet  above  the  sea),  bu£  little  of  the  Sufed  Koh,  away  to¬ 
wards  its  peak  of  Sikaram,  could  be  seen. 

In  the  opposite  direction  Mirkhweli  dominates  all  the  numerous  limestone 
ridges  and  valle3-s  occupied  bj^  the  red  rocks,  &c.,  of  the  Kohat  salt  field. 

From  Ibrahimzai  to  Hangu  the  valley  narrows  and  seems  blocked  by  over¬ 
lapping  profiles  of  limestone  ridges,  one  of  these,  north  of  the  road,  again  show¬ 
ing  distinctly  a  thick  intercalated  band  of  the  red  rocks  between  two  limestone 
zones.  At  Hangu  the  latter  is  dark,  containing  but  few  fossils,  and  dips  strongly 
to  the  north-east.  Here  a  small  valley  running  northwards  reaches  the  Samana 
anticlinal  bejmnd  the  frontier.  By  sending  a  messenger  into  this  forbidden 
ground,  I  obtained  specimens  of  dun  lithographie  textured  limestone,  some  with¬ 
out  fossils,  but  one  full  of  Alveolinm  which  was  stated  to  have  been  taken 
from  the  southerly  sloping  beds  of  the  ridge.  Others  were  of  white  sand¬ 
stone,  rusty  externally,  the  position  of  which  was  shown  as  a  band  along  the 
foot  of  this  Samana  ridge.  This  white  sandstone  is  identical  with  the  blocks  in 
the  streams  near  Sherkot. 

The  hills  south  of  the  valley  at  this  place  are  rugged,  jungly,  and  grassy 
limestone  masses,  evidently  continuing  the  undulation  of  the  Mirkhweli  section. 
At  this  part  of  the  valley  the  soil  has  changed  colour  to  darker  brown  and  black 
tints,  the  cause  of  which  is  not  very  evident. 
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From  Hang'u  to  Togh,  34  miles  from  Kohat,  the  valley  opens  out  consider¬ 
ably,  the  Samdna  ridge  trending  to  the  N.  W.,  and  long  terrace-like  mounds 
or  fans  are  seen  along  its  north  side,  similar  to  those  observed  in  the  Teri  valley 
to  the  south  ( Mem.  Geol.  Sur.,  Vol.  XI,  p.  109 ).  The  frontage  of  the 
northern  hiUs  still  shows  the  anticlinal  slope  of  the  Samana  ridge,  overtopped 
by  the  scarped  edges  of  the  beds  in  the  mountains  beyond.  South  and  south- 
■westward  the  same  features  continue  as  were  noticed  from  Hangu;  but  a 
depression  in  the  crest  of  the  nearest  range  allows  other  jiarallel  ridges  wdth  long 
horizontal  outcrops  of  limestone  to  be  seen  beyond. 

From  Togh  to  Smaizai,  11  miles,  the  valley  becomes  still  wider  ;  its  crest  is 
passed  at  Kai,  and  the  Zwymukht  valley  joining  it  from  the  north-west,  the 
superficial  waters  unite  to  form  the  Shakkalli  stream,  which  falls  into  the 
Kun-am  below  Thai. 

Most  of  the  ground  is  covered  with  low  accacia  and  Mazzurra  jungle,  and 
two  lofty  clusters  of  limestone  mountains  arc  seen  to  the  westwai’d,  one  the  Dano 
hills  over  Tarawari  and  Darsamand,  the  other  the  Kadimuk  group  immediately 
north  of  Thai  camp. 

Near  Togh,  at  the  callage  of  Bar,  a  mass  of  green  clays  with  harder 
calcareous  mudstone  layers  shows  itself,  dipping  at  60°  beneath  the  limestone 
of  the  southern  side  of  the  valley ;  it  appears  to  be  more  than  200  feet  thick, 
and  has  white  Icallar  efiloresence,  but  no  fossils  could  be  found  in  it,  its  aspect 
is  not  unlike  the  Shear  Kowra  clays  of  the  Kohat  salt  field.  This  band  seems 
to  follow  the  course  of  the  Shakkalli  stream  the  wkole  way  to  and  below  Thai. 

Near  Kai  there  are  long  flat-topped,  slightly  hanging,  terrace- like  deti-ital 
hills,  and  on  the  “divide”  between  the  Shakkalli  and  Kohdt  Towis  there 
are  some  outcrops  of  dark  green  coai’se  gravelly  and  fine  olive  quartzose 
calcareous  grits  ;  these  beds  weather  black,  and  the  gravelly  ones  contain  little 
fragments  of  limestone,  mostly  angular.  Over  these  are  gi-een  clays,  similar  to 
those  at  Bar,  with  purple  bands  and  hard  sandstone  layers ;  the  gi-oup  is  evidently 
much  folded,  on  east  and  west  lines.  It  is  not  improbable  that  the  large  valley 
here  has  been  mainly  excavated  from  these  rocks,  which  jiossess  more  or  less  of  a 
Subathu  aspect,  but  yielded  no  fossils  except  some  broad  striated  plant 
impressions. 

Noi'th  of  this  the  Samana  ridge  appears  to  inosculate  with  the  higher 
limestone  hills,  the  scarps  of  which,  running  west  by  north  for  the  .summit  of 
Zaw'aghar  (9,380  feet),  still  shew  prominently  two  or  more  broad  zones  of  shales, 
or  other  soft  beds,  between  the  harder  ones  of  limestone,  the  dip  having  now 
come  round  to  north-by-east. 

To  the  west  the  Dano  and  Kadimuk  mountains  both  show  great  anticlinal 
axes  to  the  south,  with  strong  northerly  dips  at  45°,  and  inner  folds  along  the 
lesser  elevations,  uniting  them  with  the  Urakzai  mountains  northwards.  To  the 
south  the  rolling  nummulitic  limestone  hills  still  shut  in  the  valley  extending 
nearly  as  far  as  Gandior,  64  miles  from  Kohat. 

In  the  streams  from  the  northward  between  Kai  and  Togh,  I  found  numbers  of 
light-coloured  sandstone  blocks,  some  of  dark  green  quartzite,  and  many  dark 
gi'ay  limestone  pebbles,  some  of  which  contain  shell  fragments.  Fragments  of  a 
dark  gray  limestone,  weathering  deeply  to  a  brown  colour,  contain  fragments 
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of  Bhjnchonnella  with  smaller  bivalves,  and  a  dark  conglomeratic  semi-oolitic 
calcareous  gi’it,  with  white  quartz  in  scattered  grains,  was  found  to  enclose 
Belemnites.  This  stream  comes  from  the  highest  part  of  the  Samana  ridge,  where 
there  is  at  least  this  evidence  of  the  occurrence  of  the  mesozoic  rocks.  The  beds 
of  streams  further  west  towards  Suruzai  and  Doaba  are  largely  filled  with  gray 
shale  detritus  ;  one  coming  from  Darsamand  also  contains  dark  sandstone  frag¬ 
ments  enclosing  Belemnites,  and  the  soil  is  frequently  dark  coloured  or  blackish 
recalling  the  cotton  soil  of  the  Deccan. 

From  Suruzai  to  Gandior  the  character  of  the  country  is  quite  the  same  as  just 
now  described.  Crossing  the  Mazzurra-covered  plain  from  Gandior  to  the  Darsa¬ 
mand  mountain,  near  the  base  of  the  latter,  greatly  disturbed,  dark  rugged  limestone 
with  small  nummulites  and  the  little  Rotalina  characteristic  of  the  eocene  hill 
limestones  are  first  seen.  Some  of  the  beds  have  a  conglomeratic  structure 
enclosing  limestone  lumps.  A  band  of  sandy  limestone  also  appears,  and  then 
green  quartzose  gilts,  weathering  to  a  black  metallic  colour.  Beyond  these  is  a 
strong  rib  of  thick  and  thin-bedded  compact  gray  limestone  without  fossils, 
dipping  at  high  angles  northwards  and  underlying  a  band  of  dark  greenish  and 
rusty  olive  or  whitish  hard  coarse  silicious  sandstone,  the  dip  of  which  is 
50°.  Similar  sandstone  and  hard  olive  shaly  beds  occur  on  the  further  side  of  a 
hollow  as  if  faulted  against  massive  blue  limestone,  with  a  southerly  dip  at  right 
angles.  Sheets  of  this  stretch  up  the  mountain  side  forming  the  southern  slopes 
of  the  anticlinal  curve  before  mentioned.  No  fossils  were  found  in  situ  in  these 
limestones,  but  fragments  from  the  hill  contain  Bhynchomiella,  oysters  and 
Cliemnitzia-\ikQ  spirals,  and  have  a  semi-oolitic  structure. 

Here  all  similarity  to  the  nummulitic  limestone  has  vanished,  and  a  fault 
evidently  separates  the  latter  from  the  rocks  of  the  hills.  Moreover,  these  at  the 
point  struck  must  belong  to  a  middle  portion  of  the  hill  section,  for  the  axis  of 
the  anticlinal  bending  downwards  brings  in  higher  beds  to  the  eastward,  likewise 
checked  against  the  low  outer  rib  of  limestones,  &c.,  having  a  northerly  dip. 

The  fault  here  may  be  the  great  fractui’ed  junction  feature  of  the  eastern 
Upper  Punjab  section,  but  a  hasty  glance  was  all  that  could  be  obtained  at  the 
ground,  the  frontier  lines  here,  as  is  often  the  case,  being  i-ather  hypothetical. 
Between  Gandior  and  Thai  (63  miles  from  Kohat)  this  long  valley,  through 
which  a  main  route  from  Afghanistan  has  lain  since  the  time  of  Baber,  becomes 
again  narrow,  though  joined  from  the  north  by  the  Singroba  glen.  The  moiintain 
masses  of  Dano  and  Kaclimuk  shut  out  the  more  distant  ones  to  the  north  in 
a  great  measure,  and  the  southern  side  of  the  valley  is  no  longer  formed  of 
limestone,  but  of  almost  horizontally  bedded  sandstone  and  clays,  partly  of  the 
MuiTee  group,  and  partly  of  Lower  Siwalik  aspect,  the  continuation  of  those 
occupying  the  Dalian  valley.  (Mem.  Geol.  Sur.,  Vol.  XI,  p.  101.) 

At  the  southern  bank  of  the  river,  not  far  from  Gandior  thannah,  is  a 
mass  of  limestone  conglomerate  with  all  the  appearance  of  the  usual  valley  beds, 
in  a  consoliated  state,  but  it  dips  at  60°  to  the  north-west,  resting  on  or  against 
greenish  and  purjfie  clays,  which  come  out  from  beneath  the  nummulitic  lime¬ 
stones.  The  position  of  this  conglomerate  may  perhaps  be  accounted  for  by 
supposing  an  old  consolidated  terrace  to  have  been  undercut  by  the  river,  and 
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to  have  subsided  into  this  sloi^ing  attitude  by  its  own  weight.  If  not,  the 
occurrence  is  remarkable. 

The  walled  village  and  the  camp  at  Thai  are  situated  at  the  confluence  of 
the  Singroba  stream  with  the  river  Kurram,  and  upon  coarse  detrital  river 
accumulations  of  the  loeal  rocks.  The  elevation  is  supposed  to  be  about,  or  some¬ 
what  over,  2,000  feet.  Within  a  mile  of  the  camj>  to  the  north,  the  high  moun¬ 
tain  of  Kadimuk  shows  a  short  east  and  west  anticlinal  axis,  around  which  the 
strong-bedded  limestones  form  an  elliptical  quaqiraversal  dome. 

Favoured  by  Colonel  Gordon,  commanding  at  Thai,  with  an  extra  guard, 
I  was  enabled  to  visit  the  lower  part  of  this  mountain.  On  the  way  there  an 
exterior  grouj)  of  hills  was  crossed,  composed  of  contorted,  vertical  and  much 
disturbed,  hard  olive  and  gray  quartzose  sandstones,  covered  with  a  dark  metallic 
lustrous  film,  and  green,  gray  or  purple  clays,  some  of  which  are  exceedingly  fine 
and  hard,  with  a  splintry  structui’o.  Subordinate  beds  and  bands  of  marly 
limestone  also  occur.  Some  of  the  latter  contain  well-preserved  corals  of 
two  or  three  species,  and  in  one  bed  of  the  externally  dark-coloured  sandstone 
I  observed  a  few  casts  of  small  echinoderms. 

Among  the  lowest  beds  of  this  exterior  (?  lower  Sabathu)  group  are  un¬ 
equally  coarse  sandstones,  enclosing  fragments  and  large  blocks  and  blotches  of 
limestone.  Nearly  in  the  same  strike  I  also  found  a  thick  bed  of  limestone  con¬ 
glomerate,  apparently  reconstructed  from  such  limestones  as  those  of  Kadimuk. 
The  base  is  sandy,  and  lying  on  the  rock,  as  if  weathered  out  of  this,  a  frag¬ 
ment  of  a  Belemnite  was  picked  up.  Notwithstanding  the  interstratification, 
there  is  in  consequence  of  the  occurrence  of  this  bed  some  appearance  of  a 
break  low  down  in  the  group;  but  the  relations  of  this  to  the  rock  of 
Kadimuk  are  those  much  more  of  faulted  discordance  than  of  unconfor¬ 
mity.  The  whole  outer  group,  in  spite  of  the  faulted  appearance,  sweeps 
round  the  axial  western  dip  of  the  high  mountain,  and  for  some  distance  from  the 
river  strikes  up  the  left  bank  of  the  Kurram. 

At  the  southern  base  of  the  mountain  a  thin  band  of  the  dark-weathered 
sandstones,  &c.,  separates  a  considerable  mass  of  gray  limestone  from  the  Kadi¬ 
muk  anticlinal.  This  limestone  has  an  uneven  texture,  showing  small  black 
specks  like  minute  organisms,  with  a  few  narrow  spines.  Such  limestone  is  not 
uncommon  in  the  lower  hill-nummulitics  of  the  region  north  of  Rawaljnndi  plateau. 

In  the  strong  limestones  of  the  mountain  I  found  no  fossils  m  situ,  but 
fallen  fragments  contained  anneloid  tracks,  oysters,  bryozoa,  or  small  corallines 
and  corals,  many  small  gasti’opoda,  some  like  Nerinwa,  and  a  few  sections  of 
impacted  little  bivalves,  the  aspect  of  the  whole  being  that  of  older  limestones 
fTiau  any  of  the  eocene  ones  I  am  acquainted  with. 

One  of  the  officers  of  the  Kurram  force  (Mr.  Macleod,  29th  Punjab  Infan¬ 
try)  informs  me  that  some  time  ago  near  the  summit  of  Kadimuk,  beneath  a  lime¬ 
stone  cliff,  he  found  several  ammonites  lying  on  the  surface  of  a  softer  band.  1 
was  unfortunately  not  able  to  procure  any  specimens  of  these,  even  through  an 
inhabitant  of  Thai  who  knew  where  they  are  ;  for  it  appeared  that  part  of  the 
mountain  was  occupied  by  a  wandering  party  of  Ghilzais  with  whom  the  people 
of  Thai  were  at  feud. 
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Immediately  across  the  Kurram,  on  the  Afghan  side  opposite  to  Thai,  is 
the  very  rugged  hill  of  Bakkai’kanch  (flint-stone),  entirely  different  in  appearance 
from  any  of  the  neighbouring  ones.  It  is  chiefly  formed  of  masses  of  hardened 
and  altered  brecciated  beds,  some  being  altered  limestone  or  a  silicious  rock  full 
of  angular  fragments  of  hornstone  or  flint, ^  usually  mottled  or  banded  with 
reddish  or  dark  pm’ple  and  gray  tints.  Others  enclose  also  angular  fragments 
of  white  earthy  limestone,  as  if  the  whole  had  once  formed  flaggy  beds  ;  but  the 
fragments  now  lie  at  all  angles  in  the  rock.  Between  these  beds  are  purple, 
flaggy  and  gray  or  greenish  shaly  bands  of  Subathu  aspect,  layers  of  a  ferrugin¬ 
ous  red  latcritic  rock,  and  some  of  very  hard  thin-bedded  limestone  without 
fossils.  The  beds  are  broken  into  disconnected  masse.s,  and  the  cause  of  their 
alteration  is  not  far  to  seek,  for  everywhere  through  the  hill  are  numerous  in¬ 
trusions  of  hard,  dark  or  decomposed,  variously  coarse,  ciystalline,  syenitic  and 
compact  trap,  weathering  down  so  as  to  be  less  prominent  than  the  silicious 
altered  rocks.  Looking  from  one  of  the  summits  towards  the  westward,  a  large 
space  among  lower  hills  was  seen  to  bo  occupied  by  cores  of  the  dark  crystalline 
trap,  the  chief  sources  of  which  may  be  in  this  direction. 

Besides  the  dark  solid  traps  there  are  also  what  seem  to  be  masses  of  a*gglo- 
merate  of  trappean  fragments,  and  fine-grained  tufaceous  traps,  alternating  in 
beds  or  layers.  It  was  not  found  possible  to  recognise  such  an  association  of 
these  lava-like  rocks  with  the  altered  ones  as  would  establish  contemporaniety ;  but 
the  entire  assemblage  has  the  mixed  appearance  one  would  expect  to  find  near 
the  core  of  a  denuded  volcanic  vent. 

Just  beneath  and  in  the  under  surface  of  one  of  the  brecciated  bands  near 
the  top  of  the  ridge,  old  excavations  were  shown,  made  along  the  outcrop  in 
order  to  extract  a  dark,  gray  and  black  heavy  mineral  which  soils  the  fingers  and 
marks  paper.  It  occurs  in  but  small  quantity  and  seems  to  be  a  mixture  of 
graphite  with  something  else  disseminated  in  the  breccia ;  it  is  used  by  the 
natives  as  “kohl,  ”  and  they  call  it  of  course  surma^.  (I  have  not  yet  had  time 
to  examine  it  closely) . 

This  is  the  first  instance  in  which  I  have  met  with  igneous  rocks  among 
any  of  the  mesozoic  or  tertiary  groups  of  the  Punjab.  The  locality  is  fairly 
wthin  the  region  of  the  Subathu  beds,  and  those  trapps  may  be  but  an  outlying 
portion  of  a  larger  igneous  area  to  the  westward  towards  Khost,*  in  which  direction, 
as  well  as  up  the  course  of  the  Kurram  as  far  as  can  be  seen,  the  mountains  present 
a  softness  of  outline  and  a  generally  bare  or  witherod-grass-covered  aspect,  en¬ 
tirely  unlike  that  of  the  hills  around  on  any  other  side. 

Chaperoned  by  a  couple  of  tamo  ai'med  Waziris,  in  addition  to  the  guai'd, 
1  visited  the  scarped  outcrop  of  their  hills  south  of  Thai.  On  the  way  thithei’, 
a  low  ridge  between  the  Singroba  and  Shakkalli  streams  was  found  to  consist 

*  Mucli  used  by  the  Yagi  tribe.?  for  gun  flints. 

2  This  is  perbajis  the  mineral  mentioiiLd  as  antimony  occurring  at  Punjali-i'-Shah  Kurram 
river,  by  Agha  Abbas,  in  Jour.  As.  Soc.  Bengal,  vol.  XU,  p.  595. 

^  I  have  seen  specimens  of  asbestus  from  two  miles  west  of  Segai  Kangah  Khost,  where 
it  is  so  plentiful  the  pcoiilc  are  said  to  make  it  into  ropes  ;  the  locality  is  stated  to  be  two  long 
day.?’  journey  from  Thai  into  Afghanistan. 
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of  tlie  same  kind  of  hard,  dark-weathered  sandstones  and  olive  and  purple  shales 
as  occur  between  Thai  and  Kadimuk.  The  beds  ai’e  vertical  and  folded,  striking 
nearly  N.  E.,  and  some  of  the  sandstone  bands  contain  badly  pi’eserved  shells 
of  large  oysters,  others  those  of  a  long  and  narrow  but  smaller  form.  South 
of  the  Shakkalli  river  is  a  mass  of  greenish  gray  clay  coasting  round  the 
escarpment,  extending  down  the  Kurram,  and  very  probably  the  same  zone 
as  is  seen  at  intervals  eastwar'd  as  far  as  Togh.  Resting  upon  this  clay 
with  a  southei'ly  dip,  there  is  a  band  of  some  100  or  150  feet  of  dark  and 
lighter-coloured,  mostly  thin-bedded,  compact,  Alveolina  limestone,  immediately 
succeeded  by  a  thin  layer  of  calcareous  concretionary  pseudo-conglomei'ate, 
over  which  come  the  usual  bright  red  clays  and  gray  sandstones  of  the  Murree 
group,  the  latter  here  sometimes  enclosing  small  pebbles.  Climbing  to  the  top 
of  the  scarp,  these  and  similar  beds  are  seen  to  undulate  over  the  country  towards 
Dalian.  Southwards  they  form  lai’ge  horizontally  stratified  elevations,  amongst 
which  a  scarped  hill  at  a  distance,  the  scarp  doubtles  formed  by  a  somewhat  bent 
and  twisted  zone  of  nummulitic  limestone,  is  the  Tvestern  termination  of  the 
Ragotungd  ridge  of  the  Kohat  salt  field,  where  that  ridge  passes  into  Waziri 
land.  Still  further  off  to  the  south  is  the  rugged  outline  of  a  high  ridge  in  the 
upper  Siwalik  sandstone  and  conglomerate  basin  north  of  Banu.' 

Near  the  edge  of  the  scarp,  not  so  much  as  200  feet  stratigTaphically  above 
the  nummulitic  Alveolina  limestone,  I  found  several  fragments  of  large  mam¬ 
malian  bones  in  a  coarse  pseudo-conglomeratic  layer,  but  could  find  no  teeth.  One 
narrow  bone,  broken  into  three  fragments,  seemed  to  show  the  tubular  structure 
of  those  belonging  to  birds.  I  have  2irescrved  the  specimen,  though  a  bad 
one. 

This  was  all  that  I  could  ascertain  of  the  local  geology  of  Thai :  the  higi 
mountains  beyond  the  Kurram  were  too  far  off  to  form  a  close  guess  as  to  their 
composition.  In  the  river  and  in  the  terrace  above  it,  the  travelled  boulders 
and  pebbles,  loose  or  cemented  into  conglomerate,  present  a  great  variety  of  rocks, 
amongst  which  the  only  ones  I  could  identify  with  those  of  the  Indus  deposits 
were  a  dark  fine-grained  syenitic  gneiss  and  a  well-known  variety  of  white  quartzite 
covered  with  conchoidal  markings  like  gastropod  sections,  which  occurs  in  situ 
among  the  Tanol  rocks  of  Hazara.  Others  include  varieties  of  gneiss,  coarse  and 
fine,  micaceous  schists,  altered  earthy  and  silicious  rocks,  red  jasper,  white  and 
brown  quartzite,  p)urple  quartzite,  gray  sandstone,  gray  and  purple  ferruginous 
limestone,  dark  hornblendic  trap,  white  eurite,  white  semi-crystalline  marble,  red 
quartzite,  many  limestones,  but  none,  that  I  observed,  of  slate.  These  may  all 
be  found  hereafter  on  the  flanks  of  the  Sufed  Koh. 

Conclusion. — The  route  from  Kushalgarh  to  Thai  shows  a  considerable 
change  in  the  upper  nummulitic  zone  compared  with  its  eastern  sections  as  far 
as  the  river  Jhelum.  Near  Muiuee  this  zone  has  an  apparent  thickness  of 
some  6,000  feet,  and  is  most  largely  composed  of  clays  and  sandstones  frequently 
of  red  or  reddish  colours  with  subordinate  bands  of  coarse  fossiliferous  (num- 

'  A  nummulitic  limestone  patch  in  Waziri  land,  north  of  Banu,  shown  on  the  sketch  map, 
Kecords,  Vol,  X,  p.  107,  has  been  a  good  deal  misplaced  to  the  westward  of  its  real  situation. 
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nmlitic)  sandstone,  or  of  marly  or  pure  limestone,  and  one  prominent  dark 
limestone  band  700  feet  thick. 

In  the  Rawalpindi  plateau  the  zone  is  greatly  disturbed,  has  apparently 
a  less  thickness,  irp  to  1,600  or  2,000  feet,  and  comprises  a  few  alternations  of 
highly  fossiliferoua,  marly  and  other  nummulitic  limestones,  with  red,  purple  and 
olive  clays,  &c. 

Gypsum  and  petroleum  occur  along  this  part  of  the  zone,  chiefly  in  the  lower 
ground,  the  former  in  considerable  quantity  ;  gypsum  also  is  met  with  in  red  rocks 
of  somewhat  Subathu  aspect,  their  relations  obscured  by  distui-bance,  among  the 
Mochipuri  mountains  north  of  Murree,  at  Dungagali,  &c. 

In  Bangash  on  the  road  to  Thai  and  southwards,  these  Subathu  eocene  rocks 
occupy  a  large  area,  one  part  of  their  section  alone  giving  an  estimated  thickness 
of  more  than  an  English  mile,  to  which  large  additions  should  be  made  for  the 
total  bulk  of  the  group,  not  less  perhaps  than  7,000  or  8,000  feet.  The  limestones 
here  occur  in  thick  zones  of  from  one  to  over  300  feet,  becoming  more  numerous 
northwards  in  the  Mirkhweli  region,  and  largely  made  up  of  beds  containing 
Alveolina  almost  exclusively.  Interstratified  with  these  are  thicker  zones  of  rocks 
exactly  resembling  Murree  beds,  but  including  also  many  bands  of  olive  claj'. 
The  gypsum  of  the  group  appears  here  in  the  salt  field,  and  on  its  borders,  but 
much  more  largely  developed  than  to  the  east. 

It  Avould  seem  that  the  zone  is  changing  again  to  the  westward,  the  lime¬ 
stones  disappearing  in  a  great  measure,  and  a  mass  of  unusually  hard  sandstones 
with  marine  fossils  and  very  thick  greenish  or  gray  and  some  purple  clays  forming 
a  prominent  part  of  the  group  in  the  neighbourhood  of  Thai. 

A  possible  break  at  the  top  of  the  Salt-range  nummulitic  limestone  has 
been  suggested  by  Mr.  Medlicott,*  partly  from  the  occurrence  of  a  band  of 
limestone  conglomerate  at  the  base  of  the  overlying  series.  The  presence  of  this 
detrital  rock  is  not  accompanied  by  any  visible  stratigraphic  discordance,  and  in 
the  section  on  the  flank  of  Kadimuk  north  of  Thai,  we  have  a  band  of  limestone 
conglomerate  interstratified  with  the  local  lower  part  of  the  Subathu  beds. 
This  occurrence  is  perhaps  worth  noting  in  connexion  with  the  supposed  break, 
with  the  abnormal  northern  junction  of  this  Subathrr  zone  and  the  hill  limestones, 
with  the  appearance  of  a  transition  across  this  break  at  Clifton  (Murree),  and 
with  the  absence  of  any  unquestionable  representative  of  the  Subathu  zone  north 
of  the  line  of  abnormal  junction,  so  far  as  is  yet  kno^vn,  nearer  than  the  distant 
deposits  on  the  Upper  Indus,  if  even  there. 

Nothing  has  been  found  in  this  country  antagonistic  to  views  I  have  pre¬ 
viously  expressed  regarding  the  nummulitic  rocks  of  the  Punjab  (Records,  Vol. 
X,  p.  109,  etc.),  particirlarly  as  to  the  position  of  the  Subathu  eocene  beds  above 
the  mass  of  the  eocene  hill  limestones^.  Still  some  approach  to  the  eocene  hill 
limestone  character  among  these  rooks  has  been  observed  in  scarcity  of  fossils  and 
darkness  of  colour.  Perhaps  no  feature  is  more  prominent  in  the  structural 
geology  of  the  Punjab  than  the  liability  of  its  rocks  to  horizontal  (lateral)  varia- 

'  Memoirs,  Vol.  Ill,  Pt.  2,  p.  91,  and  Records,  Vol  IX,  p.  67. 

^  See  note  2,  p.  130. 
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tion  in  thickness  and  character, — an  observation  quite  borne  out  by  this  western 
j)art  of  the  upper  nummulitic  group. 

The  occurrence  of  igneous,  possibly  volcanic,  rocks  in  the  Subathu  zone  at 
Thai,  should  any  of  them  prove  contemporaneous,  and  should  they  be  largely 
developed  to  the  west,  may  introduce  an  entirely  new  feature,  complicating  the 
relations  of  this  Subathu  group  to  the  ^neighbouring  tertiary  or  older  rocks  of 
that  part  of  Afghanistan. 

It  may  be  possible  that  some  of  the  Mirkhweli  Subathu  limestones  extend 
into  the  Urakzai  mountains,  the  strike  of  parts  of  these  lying  in  the  same  general 
direction  as  that  of  the  Bangash  hills  ;  but  near  Hangu,  where  the  latter  most 
nearly  approach  the  former,  a  sudden  difference  of  both  dip  and  strike  between 
the  two  sets  of  rocks  was  suggestive  of  a  fault;  nor  were  the  interstratified 
red  rocks  of  the  Mirkhweli  sections  seen  anywhere  in  the  much-exposed  Urakzai 
escarpments.  Further  west  at  Thai  and  Darsamand,  where  spurs  from  the 
northern  mountains  were  reached,  indications  of  fracture  dividing  the  SubMhu 
zone  from  limestones  of  secondary  age  were  found  in  both  cases. 

Of  the  age  of  the  rocks  forming  these  northern  mountains,  it  has  only  been 
possible  to  collect  some  evidence  of  the  presence  of  mesozoic  rocks.  The  great 
height  and  bulk  of  the  mountains,  as  well  as  the  conspicuous  northerly  inclina¬ 
tions  of  their  strata,  together  with  their  being  so  largely  composed  of  limestones, 
leave  ample  room  for  the  occurrence  of  all  the  eocene  and  mesozoic  groups  of  the 
northern  Punjab  ranges,  and  space  to  sj)are  for  palffiozoic  ones  besides ;  but  in 
none  of  the  streams  coming  from  them,  did  I  observe  any  fragments  or  fossils 
proving  the  existence  of  palaeozoic  rocks  among  these  mountains. 

The  very  low  horizon  at  which  bones,  presumably  mammalian,  were  found 
south  of  Thai  is  not  incompatible  with  the  distribution  of  bone  beds  elsewhere  in 
the  Upper  Punjab,  these  occurring  even  among  the  nummulitic  rocks  themselves. 
The  circumstance  may  also  be  connected  with  the  gradual  disappearance  in  a 
southerly  and  westerly  direction  of  nearly  the  whole  of  the  great  group  of  the 
lower  tertiary  mechanically  formed  beds,  the  absence  of  which  is  a  marked 
feature  in  the  westerly  extension  of  the  Salt  Range,  trans-Indus. 


Further  notes  on  the  Geology  of  the  Upper  Punjab,  ly  A.  B.  Wynne,  f.g.s., 

Geological  Survey  of  India. 

(^Supplementary  to  those  in  Records,  Geological  Survey,  vol.  X.) 

Description  of  the  groimd. — The  rugged  district  of  Hazara  stretches  far  into 
the  regions  of  the  Western  Himalaya  between  the  rivers  Indus  and  Kishonganga, 
and  embraces  the  native  hill  states  of  Amb  and  Kaghan  as  well  as  the  portion 
directly  under  British  rule.  Its  mountains,  beiug  parts  of  the  greater  ranges, 
present  a  somewhat  complex  assemblage  of  lofty  spurs,  rather  than  distinctly 
individual  chains. 

The  long  glen  of  Kaghan  curves  to  the  eastward-by-north  between  great 
snowy  ridges.  Its  stream  is  the  Nainsiik,  or  Kunhar,  river,  which  enters  the 
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Jhelum  below  Muzaffarabacl.  Bet^Yeen  the  north-western  watershed  of  the 
Kaghdn  valley  and  another  great  mountain  spur  from  the  northwards,  the  upper 
waters  of  the  local  river  Sirun  find  their  way  southwards  towards  the  Indus 
through  the  valley  of  Bogurmang.  On  the  east  of  this  valley  is  the  lofty 
truncated  peak  called  Musa-ka  Masala  (the  praying  carpet  of  Moses),  13,378', 
situated  in  the  border  country  of  the  hill-men  nominally  within  our  frontier ; 
and  on  the  west  are  high  elevations  called  Palleja  Behisht  (Heaven)  and  Shaitan- 
ka-gali  (the  devil’s  neck  or  pass).  Further  west  the  Black  mountains  (scene  of 
late  frontier  warfare)  rise,  on  this  side  of  the  unknown,  or  at  least  unmapjoed, 
portion  of  the  upper  Indus  channel. 

One  march  westward  of  the  lower  Nainsuk,  at  a  much  gi’eater  elevation 
surrounded  by  still  higher  mountains,  is  the  flat  lake-like  plain  on  the  course  of 
the  river  Sirun  forming  the  detritus-filled  valley  of  Pakli. 

Between  the  Pakli  valley  and  the  Indus  rises  the  mass  of  mountains  in  the 
state  of  Amb,  culminating  at  Bahingra  in  a  height  of  8,608  feet  above  sea  level. 

A  broad  cluster  of  hills  having  elevations  of  four,  five,  and  six  thousand  feet 
spreads  from  the  Sirun  to  the  valley  of  the  Bore ;  and  from  near  the  junction  of 
these  two  streams  the  most  isolated  ridge  in  the  whole  country,  that  of  Gandgarh, 
trends  in  a  south-westerly  direction,  rising  to  an  elevation  of  4,137  feet  between 
the  Hazara  plain  and  the  river  Indus. 

Again,  occupying  the  southern  side  of  the  district  is  another,  broader,  lofty 
tract,  presenting  endless  alternations  of  confluent  ridge  and  valley,  with  a  mai'ked 
north-east  south-west  strike.  This  elevated  tract  rises  from  the  Nainsuk 
torrent,  near  Ghari  Habibula,  and  with  altitudes  of  8,000  and  9,000  feet  overlooks 
that  river  and  the  Jhelum ;  then,  passing  between  the  stations  of  Murree  and 
Abbottabad,  it  gradually  becomes  less  elevated,  though  still  presenting  high 
summits  and  long  south-westerly  valleys,  till  it  leaves  the  district  as  a  2jart  of 
the  Margalla  range,  near  the  grand  trunk  road  from  Rawalpindi  to  Hasan  Abdal. 

The  Indus  valley  is  a  deep  defile  amongst  the  mountains,  -where,  coming  from 
the  north,  the  river  first  bounds  this  district,  then  passing  Derband,  Amb,  and 
Sittana,  its  valley  expands  to  a  width  of  about  two  miles  at  Torbela,  a  few  miles 
below  which  place  it  opens  out  upon  the  plains  of  Chuch  and  Yusnfzai. 

All  over  southern  Hazara  the  more  or  less  north-east  south-west  run 
of  the  valleys,  streams,  and  ridges  coincides  generally  with  the  strike  of 
the  rocks.  In  central  Hazara,  disturbance  of  the  strike  would  appear  to 
have  produced  a  less  regular  structure  of  the  ground  as  to  depressions.  In 
the  Gandgarh  range,  this  ridge  is  itself  a  strike-feature,  and  the  mountain 
torrents  cross  the  bedding  of  the  rocks  ;  while  in  northern  Hazara,  in  Agror, 
Bogurmang  and  the  lower  part  of  the  Kaghan  valley,  the  northerly  and  north¬ 
westerly  run  of  the  rocks,  resulting  in  many  marked  features  of  the  ground, 
afiproximates  more  to  the  general  Himalayan  bearing  eastward  of  the  river 
Jhelum,  than  to  the  abruptly  deflected  south-westerly  strike  of  the  rocks  west¬ 
ward  of  the  same  river. 

Geological  structure. — I  have  already  given  some  account  of  the  outer 
Himalayan  series  in  Hazara  (Rec.  Geol.  Surv.  Ind.,  vol.  X,  part  3)  ;  but 
now  that  it  is  to  be  noticed  at  more  length,  it  will  be  well  to  subjoin  a  short 
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tabular  list  of  these  Hazara  groups,  placed  as  far  as  possible  in  their  natural 
order  of  stratigraphieal  succession  as  follows  : — 
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Northern  detritnl  drift. 

Allnvium  and  river  drift. 

Post-tertinry  valley  or  lake  deposits. 

Murree  beds,  sandstones  atid  clays  transitional  with 
Upper  numinulitic  beds,  limestones,  sandstones,  clays. 

Hill  niimniulitie  limestone  older  than  .above. 

Limestones  chiefly. 

Ditto,  black  shale  (Spiti)  and  dark  sandstones. 

Limestones,  dolomites,  breccias,  shales,  &c. 

Infra-triassic  sandstones,  breccias,  &c.  )  „ 

.  .  J  i'  same. 

Tanol  series — Quartzites,  sandstones,  dolomites,  &c.  ) 

may  possibly  or  probably  be  parts  of  one  group.) 

Attock  slate  series  :  Fine  slates  and  grits,  with  limestone  bands,  some¬ 
times  largely  developed. 

Intrusive  traps,  in  Attock  slates  and  Tanols  also  in  metamorphic  rocks. 
Hazara  gneiss  and  the  most  crystalline  altered  beds. 


A.  Highly  crystalline  m-etamorflvic  and  azoic  roclcs. — It  will  be  observed  that 
I  have  given  these  rocks  a  separate  place  at  foot  of  the  list,  an  arrangement 
-which  might  be  supposed  to  convey  the  idea  that  they  were  really  the  oldest 
part  of  the  series  ;  and  under  ordinary  circumstances  it  would  appear  easy  to 
consider  the  granitoid  gneiss  as  the  fundamental  portion  of  the  whole.  The 
observations  made  in  the  field  have,  however,  shown  indications  of  the  presence 
of  the  singular  Himalayan  phenomenon  of  highly  metamorphic  rocks  resting 
upon  others  possessing  far  less,  or  even  in  cases  little  or  no,  traces  of  having 
undergone  metamorphism.  Hence  it  is  necessary  to  avoid  hasty  conclusions; 
for,  if  the  stratigraphieal  superposition  to  be  described  really  represents  the  normal 
sequence,  the  inference  follows  that  among  these  metamorphic  rocks  a  portion  at 
least  may  be  representative  of  palaeozoic  or  even  newer  groups. 

The  unaltered  rocks  lie  in  the  southern  part  of  the  district,  the  most  altered 
in  the  northern  region ;  but  in  passing  from  the  former  to  the  latter,  neither  a 
continuous,  nor  a  simply  interrupted  or  inverted,  descending  section  is  found. 
From  the  tertiary  beds  down  to  the  slates,  Ho.  1  (omitting  No.  2  as  doubt¬ 
fully  present),  a  descending  series  may  be  observed,  with  two  breaks,  the 
lowest  of  which  is  prominently  marked.  From  these  slates  towards  the  Hazara 
gneiss,  an  ascending  series,  differing  from  that  just  mentioned,  prevails; 
and  in  the  gneiss  region  itself  there  are  traces  of  interstratification  apparent, 
the  position  and  inclination  of  the  bands  being  suggestive  of  these  altered  rocks 
occupying  a  high  place  in  the  northern  series.  The  sequence  could  be  accounted 
for  if  this  northern  series  could  bo  proved,  by  any  unconformable  contact,  older 
and  entirely  different  from  the  southern  one  ;  but  at  the  point  where  operations 
had  to  be  discontinued,  it  appeared  to  be  gradually  becoming  evident  that  the 
gi-eat  Tanol  group  of  the  northern  series  was  passing  laterally  into  the  infra- 
triassic  group  of  the  southern  and  Sirban  mountain  sections  (see  Mem.  Geol. 
Surv.,  vol.  IX,  part  3 :  Description  of  the  Geology  of  Sirban).  This  would 
assert  its  position  to  be  newer  or  higher  than  the  Attock  slates  ;  while  its  upper 
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beds  pass  by  prevalence  of  metamorphism  into  the  transformed,  crystalline, 
northern  rocks  with  a  strong  appearance  of  underlying  a  most  intensely  altered 
portion  of  these. 

The  observation  may  in  a  general  way  be  made,  that  the  metamorphism  of 
the  rocks  of  the  northern  part  of  the  district  exhibits  a  lateral  or  geographical 
rather  than  any  development  coinciding  with  antiquity  of  the  strata.  Inversion, 
apparent  or  obscure,  is  often  made  to  explain  the  difficulty  of  such  a  case,  but  the 
employment  of  this  suj)position  may  have  a  limit ;  as  in  the  present  instance, 
where,  if  the  Tanol  and  infra-trias  groups  should  prove  identical,  or  even  in 
parallel  supei’position,  physical  impossibility  would  be  involved. 


A  glance  at  the  accompanying  diagram  will  explain  this  :  the  lower  portion 
of  the  Tanol  group  (A)  is  very  similar  to  the  general  aspect  of  the  infra-triassic 
group  (B),  and  as  I  have  observed,  they  seem  to  unite  in  the  Tandiani  mountains, 
eastward  of  Abbottabad.  But  the  infra-triassic  group  (B)  rests  unconformably 
upon  the  Aftock  slates,  and  its  basal  bed  is  a  conglomerate  largely  made  up  of 
fragments  of  this  slate  series.  Consequently  the  presumption  is  that  the  Tanol 
group  is  newer  than  the  Attock  slates,  and  not  part  of  an  inverted  series,  the 
oldest  portion  of  which  would  be  represented  by  the  metamorphic  rocks. 

It  is  unfortunate  that,  however  closely  the  groups  A  and  B  in  the  above 
diagram  may  be  united,  the  succession  upon  the  northern  side  of  the  crystalline 
area  (0)  is  unlikely  to  become  known,  owing  to  inaccessibility  of  the  country ; 
otherwise,  its  compari.son  with  the  southern  extra-metamoiqohie  series  would  bo 
in  all  probability  instructive. 

In  the  Pir  Panjal  region,  not  very  remote  from  Hazara,  an  oj)portunity  has 
occurred  of  studying  the  relations  of  both  sides  of  a  chain,  the  core  of  which 
is  also  formed  of  gneiss  similar  to,  if  not  identical  '(vith,  that  of  Hazara ;  and 
Mr.  Lydekker,  to  whose  research  we  are  indebted  for  the  information,  is  of 
opinion  that  a  clear  case  of  inversion  is  there  established,  and  the  series  on  each 
side  of  the  crj'stalline  axis  is  the  same  (Rec.  Geol.  Surv.  Ind.,  vol.  XI,  p.  30), 
Comparing  that  region  with  this,  we  should  find  little  possibility  of  identifying 
the  flanking  series,  although  this  Pir  Panjal  chain,  between  Ka.shmir  and  the 
Punjab,  presents  an  assemblage  of  rocks  continuous  with  those  of  the  Kajnag 
range,  north  of  the  Vedusta,  or  upper  Jhelum,  and  doubtless  continuous  in  a 
general  way  with  the  series  of  upper  Hazara,  perhajjs,  however,  beyond  the 
limits  occupied  by  the  Tanol  and  immediately  associated  tyjie  of  rocks. 

The  Pir  Panjal  chain,  with  its  gneiss  and  slates,  &c.,  is  considered  as 
belonging  to  the  Central  Himalayan  Sj^stem  (Annl.  Rept.  Rec.  Geol,  Surv. 
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Ind.,  1878) ;  its  gneiss  is  recognised  as  ro-appearing  in  the  Kajnag  range 
(Lydekker,  1.  c.),  and  I  can  answer  for  the  lithological  identity  between 
that  of  Hazara  and  the  transported  masses  of  the  Kiijuag  gneiss  scattered  along 
the  Vedusta  valley  on  the  Muitco  route  into  Kashmir.  StiU  I  am  quite  unable 
to  identify  the  other  members  of  the  Hazara  series,  generally  or  in  detail,  with 
those  rocks  which  ISiIr.  Lydekker  has  found  displayed  along  the  Pir  Panjiil  range. 
To  show  the  contrast,  I  propose,  after  de.scribing  the  local  series  here,  to  place  it 
and  that  of  the  country  to  the  east  (as  recorded)  in  parallel  columns. 

The  Hazara  gneiss — is  a  completely  crystalline  granitoid  rock,  of  whitish 
gray  colour,  composed  of  quartz,  felspar,  and  black  mica  (biotite),  white  mica 
(muscovite)  being  often  present  as  an  accessory ;  and  the  rock  is  rendered  por- 
phyritic  by  an  abundance  of  large  twin  crystals  of  pinkish  or  flesh-coloured 
orthoclase  measuring  from  two  to  eight  inches  in  height,  more  commonly  from 
three  to  four  inches  being  the  longest  dimensions.  These  lie  in  all  directions  in 
the  matrix,  sometimes  affecting  a  linear  aiTangement,  which  may  mark  the 
former  lines  of  now  obliterated  stratification,  fechorl  is  locally  present,  and 
garnets  are  occasionally  seen,  both  as  rather  nnfrequent  accessories.  Separate 
bands  or  veins  of  rock  crystal  or  opaque  quartz  are  rare,  but  dykes  of  easily 
decomposing  trap,  apj)ai'cntly  greenstone,  are  not  unusual. 

I  have  often  sought  near  the  junction  of  the  crystalline  rock  with  the  adjacent 
schists  for  evidence  as  to  its  being  intrusive  or  otherwise  ;  and  in  some  directions 
I  have  found  what  appeared  to  be  distinct  dykes  or  veins  among  the  schistose 
rocks  ;  but  contrasting  with  these,  and  sometimes  in  contiguous  localities,  the 
schists  exhibited  a  gradual  transition  towards  the  main  granitoid  mass  by  reason 
of  great  intensity  of  metamorphism,  the  region  of  actual  contact  being,  however, 
defined  within  rather  narrow^  limits. 

Por  instance,  on  the  southern  ascent  of  the  Susul  Gali  pass  into  Agror,  I 
found  masses  of  the  adjoining  schists  includpd  in  the  crystalline  gneiss,  pre¬ 
senting  many  gradations  of  alteration  ;  and  although  the  stratification  w'as  still 
discernable,  parts  w'ere  as  crystalline  as  the  adjacent  gneiss,  enclosing  the  same 
large  felspar  crystals,  and  other  parts  had  assumed  the  form  of  a  gneiss  of  much 
finer  grain  than  that  of  the  main  mass. 

In  other  cases,  as  near  Mansahra,  detached  masses  of  the  schistose  rocks 
Avore  found  entangled  and  enveloped  amidst  the  gneiss  Avithout  exhibiting  this 
extreme  amount  of  alteration,  not  being  indeed  more  altered  than  the  rest  of  the 
adjacent  schistose  beds.  The  country  generally  is  one  in  AA'hich  a  Avido  or  distant 
view  often  shows  more  of  the  broad  structuiul  relations  than  is  gathered  from  close 
inspection  of  details  ;  whilst  in  places,  nothing  is  open  to  immediate  vicAV  except 
small  features,  the  continuity  of  Avhich  cannot  bo  obsei'A^ed  or  relied  upon,  yet 
the  facts  concerning  which  must  take  their  owm  place  in  forming  conclusions. 
Thus,  Avith  regard  to  the  gneiss,  fcAV  traces  of  stratification  are  to  be  found  in 
minute  detail,  though  the  outline  of  one  of  its  principal  masses,  the  Bahingra 
mountain,  presents  the  normal  Himalayan  feature  (common  among  the  stratified 
groups)  of  a  steep  outcrop  slope  towards  the  plains,  and  a  long  gentle  declivity 
towards  the  mountains  of  the  interior.  Coinciding  with  this  form,  and  lying  as  if 
in  alternately  bedded  masses,  arc  groups  of  well  stratified  quartzites  and  .schists. 
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sometimes  cropping  out  along  tte  wliole  of  one  side  of  a  spur  the  opposite  slope 
of  which  presents  a  sheet  of  the  gneiss  for  many  miles. 

The  whole  aspect  of  the  gneissic  or  granitoid  region,  so  far  as  visited,  gives 
the  impression  that  an  extensive  series  of  mechanically  formed  detrital  rooks 
has  undergone  transformation,  the  metamorphism  being  locally  intense,  and  its 
extreme  results  expressed  by  a  very  abrupt  transition  from  highly  altered  schists 
into  gneiss  itself. 

Less  highly  altered  azoic  rocks. — The  schists  and  quartzites  adjacent  to  the 
gneissic  area  are,  as  a  general  rule,  distinctly  stratified ;  and,  no  matter  in  what 
direction  inclined,  they  almost  invariably  dip  towards  exposures  of  the  gneiss. 
They  present  the  somewhat  peculiar  feature  that  they  occupy,  so  far  as  yet 
traced,  the  deepest  valleys,  such  as  those  of  the  Nainsuk,  Sirun,  and  Indus ;  this 
feature,  together  with  their  dij),  intensifying  the  appearance  which  they  i^resent 
of  underlying  the  gneiss. 

The  metamorphism  of  these  rocks  bears  a  moi’e  or  loss  constant  relation  of 
place  to  the  margin  of  the  gneissic  tract,  though  it  possesses  no  definite  outer 
boundary.  It  appears  on  the  left  (Haeara)  bank  of  the  Indus  to  travel  across 
the  stratification  of  beds  that  are  less  altered  further  away  upon  the  same  stidke, 
as  though  it  were  an  effect  related  to  the  presence  of  the  gneiss  among  the  Buneyr 
hills  in  the  wild  tract.beyond^that  river ;  or  it  might  be  perhaps  inferred  that  the 
altered  rocks  here,  lying  lower  than  some  in  the  neighbouring  country,  indicates 
the  presence  of  plutonic  ones  at  a  depth  beneath  this  region  no  greater  than  the 
distance  within  which  the  rocks  at  the  surface  nearest  to  the  gneiss  have  been 
most  metamorphosed. 

The  altered  rocks  in  this  situation  consist  chiefly  of  various  talcose  or  mica¬ 
ceous  schists,  sometimes  slaty,  sometimes  even  conglomeratic  from  the  presence 
of  white  quartz  or  quartzite  pebbles ;  they  are  rarely  calcareous,  but  sometimes 
contain  bands  of  compact  and  rusty-looking  dolomite  or  magnesian  limestone. 

£.  Intrusive  traps. — In  both  the  more  and  the  less  crystalline  metamorphic 
gi’oups  (as  well  as  in  the  Tanol  series),  igneous  rocks  are  not  uncommonly  met 
with  as  dykes  or  intrusions.  One  of  these  near  the  border  of  the  Amb  country, 
south  of  the  Bahingra  mountains,  is  of  considerable  size.  Generally  speaking, 
these  rocks  are  of  a  dark,  dense,  variously  crystalline  greenstone,  seldom  por- 
phyritic  and  never  amygdaloidal.  They  do  not  present  recognisable  signs  of 
having  par-taken  of  the  metamorphism  of  the  associated  beds,  but  they  are  fre¬ 
quently  weathered  to  an  extreme  degree,  this  condition  perhaps  having  some 
connexion  with  their  position. 

1. — Attach  slates  :  (Azoic). — The  general  appearance  of  this  group  has  been 
already  more  than  once  described.  It  consists  of  various  dark,  olive,  black  or 
brownish  fine  eai-thy  slates,  sometimes  with  purple  bands  and  occasionally  inter- 
stratified  with  greenish  fine-grained  sandstones.  Bands  of  compact,  waved,  pale 
and  dark  gray  or  rusty-brownish  limestone  are  locally  numerous ;  though  com¬ 
paratively  rare  in  some  localities,  in  others,  as  in  the  Gandgarh  range,  they 
assume  an  enormous  development. 

Here  too  these  limestones  include  among  their  upper  layers  a  band  or  bands 
of  compact  white  or  greenish  semi-translucent  waxy-looking  thin-bedded  marble, 
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associated  with  certain  coal  black  gi’aphitic  shales,  one  or  two  very  constant 
zones  of  w'hich  are  known  to  the  natives  as  the  “  Surma  lurri”  rug  or  belt. 
Dolomitic  and  brecciated,  or  pseudo-hrecciated,  varieties  of  the  limestones  are 
frequently  met  with  (see  Section  1). 

Geographically  the  slates  intervene  between  the  mesozoic  limestones  of 
the  southern  Hazara  hiUs  and  the  Tanol  group  of  the  northern  series.  An 
isolated  patch  of  them  and  their  associated  limestones  stretches  from  the  ISiainsuk 
valley,  forming  the  lofty  peak  of  Mian-Jani-ka-Chauki,  and  passing  westwards 
by  Snjkot  among  the  limestone  hills  south  of  the  Core  valley.  Their  stratifica¬ 
tion  is  much  disturbed ;  cleavage  is  prevalent  in  places  along  so  many  planes  that 
the  rock  is  cut  up  into  splinters  ;  in  others  it  is  scarcely  developed,  and  the  thinly 
laminated  structure  of  the  slates  enables  them  to  be  split  into  flags  or  even 
bedding  slates,  of  inferior  quality. 

A  long  fault  forms  their  southern  boundary  for  a  considerable  distance, 
another  hi’ing’S  them  in  contact  with  the  northern  side  of  the  Sirban  mesozoic 
exposure,  and  still  another  forms  their  northern  limit  for  many  miles,  coin¬ 
ciding  with  a  long  valley  running  from  Haripur  towards  the  north-east,  so  that 
this  fault  passes  northwards  of  Abbottabad. 

The  unconformable  infraposition  of  these  slates  to  the  infra-triassic  rocks 
of  Sirban  has  been  pointed  out  in  the  paper  on  that  mountain  {1.  c.)  ;  their 
junction  with  the  Tanol  group  is  mainly  a  line  of  dislocation ;  hut  where  this 
is  not  evident,  they  appear  to  underlie  those  rocks ;  and  they  are  seen  uncon¬ 
formable  to,  and  apparently  beneath,  beds  similar  both  to  some  of  those  in  the 
Tanol  group  and  to  the  Sirban  infra-tinassic  beds,  on  the  road  from  Abbottabad  to 
Mangli  (or  Mangal);  they  also  unconformably  underlie  the  Hicerocarfiwewi  limestone 
of  the  Zyarat  hill  close  to  Hassan  Abdal. 

The  main  strike  of  the  slates,  and  their  most  extensively  recognisable  fault 
lines,  follow  the  north-east  south-west  beai'ings  of  the  rocks  and  ranges  west 
of  the  river  Jhelum  with  vaiying  regularity.  They  possess  an  almost  monotonous 
unity  of  aspect  which  imparts  itself  to  the  ground  they  form,  this  everywhere 
presenting  the  same  minutely  mammilated  and  steeply  fretted  surfaces,  coated 
with  a  scaly  layer  of  finely  divided  detrital  fragments,  giving  the  ground  a 
peculiar  soft  greenish-olive  tint.  It  is  only  when  limestone  bands  are  present 
that  the  outlines  become  rugged. 

As  a  rule,  in  the  southem  paxi;  of  Hazara,  the  slates  are  unaltered  along 
the  side  of  their  cxposui’o  next  to  the  mesozoic  and  eocene  limestone  hills  ;  but 
on  the  opposite  side,  between  Gandgarh  ridge  and  the  Indus,  as  well  as  generally 
towards  the  Tanol  group,  some  amount  of  metamorphism  has  I’endei’ed  them 
silky  or  lustrous,  and  traces  of  alteration  are  much  more  evident  in  their  asso¬ 
ciated  limestones  which  ofteix  pi-esent  a  curiously  matted  foliation. 

Conglomerates,  propeily  speaking,  have  not  been  found  in  the  Attock  slate 
group ;  but  a  few  of  the  more  coarse-grained  beds  wei-e  observed  to  enclose 
lumps  of  quai-tz  or  quartzite  scattered  thi’ough  the  rock,  and  not  unfrequently 
pi’esenting  pebble-like  foi’ms. 

These  Attock  slates  of  Hazai’a  have  been  found,  as  usual  in  their  moi’e 
westerly  extension,  to  contain  no  vestige  of  organic  life.  Even  the  limestones 
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associated  with  them,  and  evidently  belonging  to  the  series,  though  in  some 
places  having  a  pseudo-fossiliferous  appearance,  seem  wholly  destitute  of  any 
01‘ganic  remains  discoverable  by  the  naked  eye  or  the  pocket  lens. 

But  in  the  southern  portion  of  these  rocks,  along  the  margin  of  the  mesozoic 
limestones,  there  are  limestone  bands  included  among  the  slates  in  which  I 
have  in  two  or  three  instances  found  fossils.  At  one  spot  near  the  road  from 
Khanpur  to  Haripur  (between  Padni  and  the  road)  I  found  highly  disturbed 
or  vertical  limestones  containing  the  well  mai'ked  sections  of  Bicerocardia,  &c., 
and  again  in  a  limestone  ridge  little  more  than  half  a  mile  due  west  of  Bandi 
Atahi  (called  by  the  people  of  the  locality  Bandi  Tai  Khan),  and  east-south¬ 
east  of  Huveliyan  on  the  Done,  I  found  imperfect  and  fragmentary  casts  of 
crushed  Ammonites. 

Although  there  are  in  the  vicinity  of  these  fossil-hearing  limestones  others 
of  the  hard,  frilled,  and  peculiar  aspect  of  those  found  in  the  slate  series, 
I  am  by  no  means  prepared  to  say  that  these  beds  with  the  fossils  belong  to 
that  series  ;  I  regard  them  as  more  probably  belonging  to  the  adjacent  mesozoic 
series,  let  into  their  present  position  by  dislocation,  and  subsequently  so  wedged 
among  the  slates  as  to  make  it  appear  that  the  present  is  their  original  situation. 
Aly  reasons  for  this  conclusion  are  shortly,  that  the  Bioeroeardmm  limestones  of 
Hasan  Abdal  and  Sirban  are  evidently  unconformably  superior  to  the  slates, 
and  that  the  rib  of  limestone  with  Ammonites  is  almost  continuously  traceable 
into  the  mass  of  mesozoic  and  eocene  limestone  hills  crossed  by  the  upper  road 
from  Murreo  to  Abbottabad. 

For  some  time  past  these  Attock  slates  have  been  provisionally  considered 
of  Silurian  age,  from  the  recorded  discovery  by  Dr.  Falconer  of  “  lower 
Silurian  fossils”  in  the  Kabul  river  of  the  PesMwar  valley  (in  slaty  rocks  ?) 
derived  from  the  Khyber  hills  on  the  same  general  strike.  Their  silurian  ago 
was  accepted  by  Dr.  Verohere,  and  adopted  by  Dr.  Waagen  and  the  Geological 
Survey;  but  it  has  never  appeared  that  the  correlation  was  quite  correct,  nor 
have  I  been  able  to  trace  any  thing  stronger  than  indirect  allusions  to  Dr. 
Falconer’s  discovery;  such  as  Major  Godwin- Austen’s  reference  in  his  paper  on 
Kashmir  (Quar.  Jour.  Geol.  Soc.,  Bond.,  Vol.  XXII,  p.  29),  where  he  says,  “  As 
lower  silurian  fossils  from  the  Khyber  hills  were  found  by  Dr.  Falconer  in  the 
gravel  of  the  Kabul  river,  as  also  by  Colonel  Strachey  on  the  Niti  Pass,  the  great 
masses  of  slaty  and  metamorphie  rocks  which  in  this  part  of  the  Himalayan 
chain  underlie  the  carboniferous  beds  may  be  refeired  to  a  lower  pateozoic  series.” 
Major  Vicary  mentions  a  few  of  the  genera  found  by  Dr.  Falconer  above 
referred  to  (Proc.  Geol.  Soc.,  Bond.,  Vol.  VII,  p.  4.5),  but  it  does  not  appear 
that  the  whole  or  most  of  these  are  strictly  silurian  forms.  Still  the  impression 
conveyed  is  too  definite  to  have  been  founded  on  a  mere  guess.  Nor  does  it 
after  all  appear  that  the  identity  of  the  Attock  slate  group  and  the  Khyber  beds 
is  at  all  fixed,  though  veiy  similar  slaty  beds  are  said  to  occur  beyond  the  Khyber 
pass  towards  Jelalabad.  Hence  the  age  of  these  slates  can  hardly  bo  con¬ 
sidered  established  with  sufficient  accuracy  to  warrant  their  being  regarded 
definitely  as  silurian,  while  the  probability  is  that  they  are  paleeozoic.  (See 
Manual,  p.  500.) 
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2.  Tanol  group  :  (Azoic). — Lying  between  the  Attock  slate  region  and  the 
metamorphic  area  is  a  great  group  of  rocks,  the  existence  of  which  was  unknown 
until  the  past  season,  and  the  analogues  of  which  I  am  unable  to  discover 
among  the  recorded  sections  of  Kashmir  and  tlie  Pir  Panjal.  I  have  called  these 
rocks  for  sake  of  distinction  the  “  Tanol”  group,  from  the  ancient  name  of  the 
country  they  occupy. 

These  beds  are  always  associated  with  the  schists  of  the  northern  series, 
and  they  appear  to  pass  both  into  and  underneath  a  considerable  section  of  these 
schistose  rocks.  They  comprise  an  enormous  thickness  of  gray  or  drab  quartz- 
oso  or  quartzite  rocks,  in  rapid  alternation  with  dark  earthy  bands,  flaggy, 
shaly  or  slightly  schistose.  Many  of  the  daa-k  inteiwening  bands  remote  from  the 
gneiss  are  in  appearance  scarcely  altered,  and  have  much  the  look  of  Indian 
Jurassic  plant  beds.  Others  of  the  alternating  layei’s  are  exceedingly  fine, 
unctuous,  slaty  argillite,  sometimes  associated  with  conglomeratic  slates,  the 
pebbles  of  which,  ranging  up  to  the  size  of  goose  eggs,  are  usually  formed  of 
white  quartz  or  quartzite. 

The  quarzites  or  quartz  rocks  frequently  show  lines  of  oblique  lamination, 
or  other  lines  of  deposition ;  and  they  include  amongst  them  beds  of  almost  un¬ 
changed  sandstone,  the  weathered  surfaces  of  which  have  the  small  warty  pro¬ 
tuberances  such  as  are  frequently  observed  upon  certain  mesozoic  sandstones  in 
the  peninsular  Indian  area. 

Some  of  these  Tanol  rocks,  towards  the  apparently  upper  part  of  the  group, 
are  of  a  clear  grayish  white  color,  soft  enough  to  mark  the  fingers  ivhen  handled, 
and  with  these  the  slaty  rocks  of  paler  color  prevail.  The  soft  white  rock  is  not  cal¬ 
careous,  nor  has  it  a  strongly  argillaceous  appearance  ;  reduced  to  fine  powder  it  is 
but  slightly  soluble  in  acids,  even  when  boiled  for  a  considerable  time :  it  fuses  on 
thin  edges  to  a  white  glass,  and  in  powder  on  charcoal  to  a  somewhat  coherent  semi- 
fused  mass,  giving  no  alumina  reaction  wdth  nitrate  of  cobalt,  nor  any  distinct 
magnesia  color.  This  powder  fuses  with  effervescence  in  carbonate  of  soda,  but 
is  not  quite  fusible  in  borax.  The  color  of  the  bead  given  with  reagents  ivas  not 
definite  enough  to  form  an  ojDinion  by.  The  specific  gravity  of  the  pieces  examined 
W'as  about  2'7B.  These  soft  white  beds,  though  retaining  a  good  deal  of  their 
detrital  aspect,  have  undergone  so  much  metamorphism  that  it  is  uncertain  what 
kind  of  sandstones  they  originally  were ;  and  yet  the  strata  amongst  which  they 
are  intercalated  do  not  seem  to  have  suffered  extreme  alteration. 

Occupjdng  synclinal  folds,  or  else  occurring  at  various  horizons,  in  the 
Tanol  group  are  thick  zones  of  variously  colored  pseudo-brccciated,  silicious, 
cherty  or  compact  gray,  black,  and  buff  dolomitic  limestone,  with  which  are 
occasionally  associated  intensely  black  graphitic  and  sulphurous  shales,  or  else 
purple  and  red  sandstones  and  slaty  bands. 

The  Tanol  group  extends  from  near  Mangli  (and  probably  further  east 
among  the  Tandiani  mountains)  by  Sherwan  towards  the  Indus,  passing  north  of 
the  Gandgarh  range.  Its  relations  to  the  Attock  slates  on  which  it  seems  to  rest 
are  obscure,  the  junction  being  frequently  either  a  line  of  dislocation  or  concealed 
by  quartzose  debris ;  but  still  the  disposition  of  the  two  gi’oups  in  the  neighbour¬ 
hood  of  the  lower  Siriin  and  Dore  rivers  is  one  consistent  with  unconformity. 
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Trap  rocks,  ckiefly  intrusive  and  perhaps  intrusively  interhedded,  arc  found 
in  the  group,  mostly  among  the  more  metamorphosed  portions,  and  of  similar 
dense  crystalline  basic  kinds  to  those  of  the  altered  rocks. 

I  have  not  been  able  to  detect  any  organic  remains  among  these  Tanol 

rocks. 

The  apparent  superposition  and  probable  unconformity  of  the  Tanol  upon 
the  Attock  slate  group,  and  the  presence  of  silicious  dolomites  and  red  sand¬ 
stones  in  the  lower  part  of  the  former,  as  well  as  in  the  lower  part  of  the  infra- 
Trias  of  Sirban  mountain,  are  points  of  resemblance  which  would  indicate  a 
connexion  between  these  infra-triassic  beds  and  the  Tanols ;  but  the  lattei 
exhibit  a  thickness  enormously  greater  than  that  of  the  group  overlying  the 
slates  in  Sirban,  nor  has  the  distinct  evidence  of  conglomerate  formed  of  slate 
debris  been  found  at  the  base  of  the  Tanol  group,  neither  hai-e  any  fossiliferous 
limestones  or  other  beds  identifiable  with  the  Sirban  Trias  been  met  with. 
Notwithstanding  this,  on  tracing  the  Tanol  group  and  the  Sirban  beds  to 
the  north-east,  they  seem  to  unite  in  one  great  series  in  the  lofty  mountains 
near  Tandiani,  sweeping  over  an  anticlinal  axis  near  the  camping  stage  of  Mangli 
or  Manghal.  The  decision  of  this  important  point  must  be  reserved  until  the 
Tandiani  hills  can  be  examined. 

The  thickness  of  the  Tanol  group  exposed  in  the  sections  from  the  Mian- 
khaki  stream  noi’thwards  can  scarcely  be  less  than  20,000  feet,  up  to  the  place 
where  they  pass  into  the  metamorphic  rocks.  Possibly  some  part  of  this  thick¬ 
ness  may  be  repeated  ;  in  so  disturbed  a  region  it  is  difficult  to  say  repetition  doe.s 
not  occur,  but  general  appearances  are  against  it.  Nor  is  it  easy  to  account 
for  the  absence  of  the  mesozoic  series  of  the  southern  hills  unless  they  may 
possibly  be  partly  represented  by  some  of  the  dolomitic  zones,  or  else  metamor¬ 
phosed  beyond  recognition.  (See  Section  No.  4). 

Far  away  to  the  north,  in  the  Palloja  heights,  overhanging  Bogurmang, 
I  could  see  among  the  snows  a  basin-like  arrangement  of  strongly  bedded  rocks 
as  though  resting  unconformably  upon  the  metamorphics.  Of  those  the  only 
specimen  I  could  obtain  was  one  of  a  dark  dense  limestone.  Should  limestones 
prevail,  and  the  sharply  scarped  form  of  the  cliffs  looked  as  if  this  were  likely, 
the  mesozoic  series  may  in  part  be  represented  there,  or  perhaps  some  of  the 
Kashmir  carboniferous  or  other  groups. 

The  Southern  Hazara  Series. — Of  the  rocks  in  this  part  of  the  district  more 
was  already  known  than  of  those  to  the  north.  The  limestones  of  the  hilly 
tract  between  the  Attock  slates  and  the  Rawalpindi  upland  or  the  Muitoo  hills, 
present  an  extremely  confused,  contorted  and  faulted  assemblage  of  mesozoic  and 
eocene  strata,  an  epitome  of  w^hich  is  afforded  by  the  instructive  sections  of  Sir- 
ban  mountain  desci’ibed  in  the  memoir  already  quoted.  The  main  features  of 
the  whole  tract  are,  a  large  development  of  the  triassic  and  of  the  great  liill- 
nummulitic  limestones,  the  disappoai’ance  w'cstward  of  the  Jurassic  (&])iti)  shales, 
and  their  place  being  taken  by  limestones  containing  TrUjonice,  amongst  which 
T.  ventricosa  is  a  prominent  form,  together  with  some  poor  and  fragmentary 
jA-ninioTiiteSy  SelevtniteSy  GrypliiBa,  and  small  brachiopods  j  also  the  disappearance 
of  the  infra-Trias  group  of  Sirban,  which  i.s  at  least  no  longer  recognisable  to 
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the  westward,  nor  has  the  cretaceous  band  there  observed  been  found  reappearing 
with  the  same  character,  if  at  all  elsewbere  in  this  district. 

For  fuller  detail  I  refer  the  reader  to  the  already  described  Sirban  sections 
(Mem.  Geol.  Surv.  Ind.,  vol.  IX,  Art  3,  p.  331)  ;  but  to  convey  a  general  idea 
here,  I  abstract  the  table  of  succession  given  in  that  paper  at  p.  2,  viz.  — 

6.  NtratMULITlC. — Thick  lltnestones  with  some  shaies,  fossils  in  places. 

5.  CbetaceoTTS. — Thin-heddod  limestones  without  fossils  apparently. 

Impure  ferruginous  sandy  limestone,  weathering  rusty— fossils. 

4.  JuBASSiC. — Black  Spiti  shales. 

Vnconformity. 

3.  TkiasSIC. — Thin-bedded  limestone  and  slaty  shales,  dolomite,  limestone ;  fossiliferous 
(Megalodon  and  other)  beds. 

2.  Below  the  Tbias. — [Infra-Trias]  Hajmatite,  dolomite,  qu.artzite,  sandstones  and  breccia. 

Marked  Unconformity. 

1.  Paleozoic  Attock  slate. 

Of  these  groups  the  Attock  slates,  ascertained  from  larger  developments 
to  be  the  same  group  exposed  at  Attock,  have  been  already  described. 

The  infra-Trias,  however,  requires  a  few  words  of  description  in  order  to 
enable  a  comparison  to  be  formed  between  it  and  the  Tanol  group.  It  seemed 
to  show  a  triple  sub-division,  the  lower  one  consisting  chiefly  of  red  sandstones, 
red  shales,  and  red  quartzitic  dolomites,  underlying  another  zone  of  dolomites  of 
lighter  color  often  highly  silicious  and  of  very  considerable  thickness.  These 
words  would  apply  almost  equally  to  those  well  marked  red  and  lighter  colored 
dolomitic  zones  of  the  lower,  but  not  lowest,  part  of  the  Tanol  group.  The 
sections  given  in  the  Sirban  memoir  may  be  compared  with  that  crossing  the 
Tanol  group,  No.  4,  appended  to  this  paper. 

The  third  sub-division,  composed  of  hsematitic  rocks,  quartz  breccias,  sand¬ 
stones  and  shales,  seems  less  capable  of  recognition  to  the  north  ;  but  it  might  be 
there  subordinate  either  from  lateral  change  or  blending  with  the  dolomitic  zones. 

4.  Triassic.—ln  this  group  the  further  examination  of  Hazara  has  revealed 
the  existence  of  a  great  development  of  limestones  with  some  shales.  Many 
of  the  former  show  features  characteristic  of  the  Sirban  exposure,  yet  are  most 
frequently  without  the  arrangement  into  more  or  less  defined,  though  sometimes 
obscurely,  fossiliferous  zones.  Owing  to  this  local  character  the  exact  lines  of 
the  Sirban  section  have  not  heen  traceable  amid  the  larger  and  thicker  exposiires 
elsewhere.  Although  the  most  characteristic  feature, — the  presence  of  numbers  of 
impacted  Dicerocardia,  sometimes  accompanied  by  shells  of  the  Megalodon, 
visible  in  section  only, — has  been  observed  in  one  or  two  localities ;  the  point  of 
itself  is  insufficient  to  establish  actual  identity  of  these  fossiliferous  beds,  but 
decisive  as  to  the  general  ago.  Outlines  of  these  fossils  from  the  Sirban  rocks 
are  figured  at  page  8  (338)  of  the  Sirban  paper,  1.  c. 

Other  fossils  among  the  triassic  beds  generally  are  so  few,  so  fragmentary, 
and  so  rarely  met  with,  that  it  is  often  doubtful  whether  the  beds  are  really 
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triassic  oi’  jurassic,  nothing  being  left  for  guidance  but  the  not  very  definite 
point  of  lithological  character. 

The  thickness  of  these  rocks  in  the  neighbourhood  of  Khanpur,  however 
difficult  to  fix  on  account  of  plications,  can  scarcely  be  estimated  at  less  than 
3,000  or  4,000  feet,  perhaps  more  than  double  the  amount  of  the  triassic  series  of 
Sirban,  where  the  best  exposed  sections  show  the  formation  sheeting  the 
northern  side  of  the  mountain,  with  inclinations  of  less  than  35°,  over  a  slope 
a  mile  and  a  haffi  long  with  a  rise  of  2,000  feet.  This  being  taken  as  the  basis 
of  calculation  affords  the  inference  that  the  Sirban  trias  formation  may  have 
a  total  thickness  of  between  1,500  and  2,000  feet. 

The  distribution  of  the  formation  as  far  as  traced  is  shown  upon  the  sketch 
map  annexed ;  it  seems  to  have  suffered  extensive  inversion  near  Bagnotar 
on  the  Murree  and  Abbottabad  road. 

5.  Jurassic. — The  jurassic  rocks  of  the  southern  region  of  Hazara  are  very 
subordinate,  as  to  extent  or  thickness,  to  the  underlying  group.  They  are, 
however,  traceable  by  numerous  complicated  exposures  among  the  disturb¬ 
ances  so  prevalent  in  these  hills.  They  appear  amongst  masses  of  nummulitic 
beds,  at  Shah  Kabul  summit,  in  the  Khanpur  country,  as  a  rusty  group  of 
earthy  limestone,  shales  of  dark  and  light  color,  and  occasional  sandstone  bands, 
identified  by  Dr.  Stoliczka  as  similar  to  his  Gieumal  sandstone  of  other  Himalayan 
regions.  Similar  I’ocks  reappear  near  Garm  Thun ;  and  they  are  met  again,  though 
scarcely  ever  with  exactly  the  same  character,  edging  the  southern  frontage  of 
the  Margalla  range,  and  in  the  interior  of  the  mass  of  hills  crossed  by  the  old 
bridle  track  from  Murree,  via  Mari,  to  Abbottabad. 

In  the  higher  hills  the  jurassic  formation  includes  in  places  a  well-develoj^ed 
zone  or  zones  of  black  Spiti  shale,  containing  fossils  characteristic  of  that  group 
in  Spiti,  but  both  these  shales  and  their  fossils  appear  to  be  entirely  wanting  to  the 
west,  where  a  band  almost  made  up  of  ill-preserved  Trigonia  ventricosa  (not  found 
in  the  higher  hills)  appears  towards  Shaladitta,  associated  with  layers  contain¬ 
ing  Ammonites,  Gryphma,  avd  Belemnites.  But  it  is  not  clear  whether  these  fossili- 
ferous  beds  to  the  west  are  newer  or  older  than  the  Spiti  shales, '  the  groups  never 
having  been  found  in  contact  or  in  the  same  section ;  and  the  relation  in  both 
cases  to  the  succeeding  eocene  rocks,  so  far  as  can  be  made  out,  being  that  of 
conformity. 

The  whole  formation  seldom  exceeds  a  few  hundred  feet  at  most ;  but  where 
its  lowest  limits  may  be,  among  limestone  masses,  part  of  which  are  at  least 
triassic,  though  the  upper  portion  may  be  newer,  it  is  impossible  to  say  without 
better  paleeontological  evidence  than  is  available,  and  without  the  reappearance 
of  the  Sirban  discordance. 

6.  Cretaceous. — The  few  beds  referred  by  Dr.  Waagen  from  their  fossils  to 
this  formation  at  Sirban  are  the  only  established  case  of  its  occurrence  among 
these  hills.  In  many  jjlaces,  however,  there  intervenes  between  the  known 

'  These  western  fossiliferous  jurassic  rocks  are  stated  in  the  lately  published  Manual  of  the 
Geology  of  India,  p.  503,  to  “appear  to  be  a  continuation  of  the  Gieumal  sandstone.”  So  far  as  I 
am  aware,  there  are  no  sufficient  grounds  for  the  assertion  as  yet  discovered. 
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Jurassic  and  the  nummulite-bearing  limestones,  a  mass  of  light  or  dark-colored 
limestones  without  fossils,  which  perhaps  belongs  to  the  cretaceous  period. 

The  fragmentary  Ammonites  found  in  a  limestone  rib  southward  of  Huveli- 
yan  (see  ante  p.  121)  on  the  opposite  side  of  the  Dore  valley  from  the  cretaceous 
band  of  Sii’ban,  occurred  in  limestones  with  somewhat  the  aspect  of  those  of 
the  cretaceous  zone ;  but  it  is  not  even  known  whether  the  sjiecimens  can  be 
determined. 

7.  Ntmimulitic. — The  nummulitic  eocene  limestones  of  these  hills  presents 
no  peculiarity  beyond  the  general  featm-es  described  in  former  papers  (Rec. 
Geol.  Surv.  Ind.,  vol.  VI,  pt.  3,  vol.  VII,  pt.  2,  vol.  X,  pt.  3  ;  Q.  Jnl.  Geol.  Soc., 
London,  vol.  XXX,  p.  61,  vol.  XXXIV,  p.  347). 

It  occurs  very  extensively,  yet  its  thickness,  which  must  be  very  great,  is 
difficult  to  determine  on  account  of  the  frequent  faults  and  the  disturbance  of 
the  beds.  One  seetion  from  Murreo  northwards  would  indicate  a  greater 
thickness  than  2,700  feet  for  what  is  but  a  part  of  the  series  ;  and  from  3,000  to 
5,000  feet  may  be  a  probable,  though  necessarily  a  very  conjectui-al,  estimate  for 
the  whole. 

These  dark  gray  eocene  limestones  of  the  outer  Himalayan  region,  alternat¬ 
ing  frequently  in  some  places  with  olive  shales  which  are  almost  entirely  absent 
in  others,  and  containing  sometimes  an  abundance  of  small  Toraminifera,  some¬ 
times  scarcely  a  fossil  distinguishable  with  a  lens,  are  in  a  manner  peculiar 
to  the  northern  regions  of  the  Punjab,  as  has  been  already  pointed  out  (1.  c., 
above).  There  seems  to  be  a  possibility  that  in  the  higher  portion  of  the  hills, 
traversed  by  the  upper  Abbottabad  and  Muiree  road,  the  group  includes  in  its 
lower  part  dark  red  and  blackish  gypseous  shales  and  sandstones  of  the  aspect 
of  those  found  in  the  base  of  the  succeeding  tertiary  sandstone  series,  but  the 
point  is  obscure.  There  is  also  a  considerable  apjjearance  of  transition  from  the 
upper  or  outermost  beds  of  the  Hazara  hill-nummulitic  rocks  into  the  upper 
nummulitic  zone  near  Murree,  which  is  transitional  with  the  lower  tertiary  sand¬ 
stones  and  clays  just  mentioned.  The  apparent  passage  is  dcducible  from  the 
arrangement  of  the  rocks  in  the  region  of  the  abnormal  contact  between  the  Hill 
limestones  and  outer  tertiary  zone,  and  therefore  less  trustworthy  than  it  might 
be  ;  still  such  apj)earances,  even  in  disturbed  localities,  should  not  be  overlooked 
(see  Section  Xo.  5  annexed). 

The  upper  nummulitic  beds  of  this  district,  scarcely  appear  within  the  hilly 
ti-act  from  Mochpura  mountains  westward  in  other  than  doubtful  exposures. 
Some  of  its  beds  are  faulted  into  junction  with  the  hill-nummulitic  and  Jurassic 
rocks  between  Shaladitta  and  Garm  Thun,  on  the  road  from  Rawalpindi  to 
Khanpur ;  and  the  faulted  mass  of  red  rocks  with  gypsum,  in  the  Haro  Kas 
below  Dungagali  (north  of  Murree),  may  either  belong  to  this  grouji  or  be 
intercalated,  as  just  now  mentioned,  at  a  much  lower  position  with  the  eocene 
limestones. 

Another  more  extensive  exposure  of  red  argillaceous  and  arenaceous  rocks 
was  met  with  this  season  capping  the  Lachikhun  mountain,  in  the  range  over¬ 
looking  the  Nainsfik  at  Ghari  Habibula  from  the  east.  Lithologically  these 
might  represent  a  variety  of  the  lower  tertiary  sandstones  (Murree  beds),  but 


PAiiT  2.]  ir^me :  Ftirlher  notes  on  the  Geology  of  the  U]}g)er  Punjab.  127 

have  a  harder,  more  slaty  and  more  prominently  red  aspect.  They  are  intersected 
by  numerous  parallel  veins  of  white  carbonate  of  lime,  which  is  one  of  the 
characteristic  appearances  of  the  Murree  beds  near  their  disturbed  junction 
with  the  hill  rocks.  There  are,  however,  no  such  masses  of  nummulitic  and 
mesozoic  limestones  associated  with  these  beds  as  occur  further  to  the  south-west. 
Dolomites,  limestones,  and  black  carbonaceous  or  graphitic  sliales  appear  imme¬ 
diately  beneath  them  ;  but  these  beds  have  much  more  the  aspect  of  the  infra- 
trias  or  Tanol  rocks  than  of  the  newer  limestones,  &c.,  and  none  of  them  contain 
fossils  so  far  as  could  be  discovered.  On  one  spur  of  the  mountain  near  Kulis 
village,  a  situation  which  w  ould  indicate  an  inferior  position  to  the  red  beds, 
I  observed  numerous  shaken  angiilar  blocks  of  limestone  containing  Nuimnul ifes. 
These,  although  they  could  not  be  pronounced  in  situ,  did  not  appear  to  have 
been  far  removed  fi-om  their  original  place,  and  they  w'ould  indicate  an  extension 
in  this  direction  of  the  Hazara  eocene  formation. 

The  whole  of  the  red  series  and  associated  beds  on  this  range  appear  to 
rest  unconformably  upon  the  metamorphic  schists,  of  which  the  lower  half  of 
the  mountain  mass  is  entirely  composed ;  but  no  clean  sections  could  be  observed, 
and  snow  concealed  much  of  the  higher  ground. 

A  small  vein  of  galena  among  the  schists  in  the  Kakal  ravine,  not  far  from 
Kulis,  is  only  worth  mentioning  to  state  that  the  quantity  is  so  very  small  as  to 
be  economically  Avorthless,  so  far  as  this  one  vein  is  concerned,  and  unless  others 
of  much  larger  proportions  are  concealed  in  the  vicinity.  On  examination  at 
Calcutta  specimens  of  the  ore  Avere  found  to  be  argentiferous,  as  is  A'cry  com¬ 
monly  the  case. 

Before  noticing  the  more  superficial  and  less  important  deposits,  it  may  be  use¬ 
ful  to  glance  at  the  comparatiAn  aspect  of  the  twm  great  series  of  rocks — those  of 
the  Himalaj'an  system  in  Kashmir  and  those  of  the  Hazara  region,  still  further  Avest. 
In  order  to  present  the  state  of  the  case  as  definitely  as  possible,  I  haA'c  taken 
the  Kashmir  series  from  Mr.  Lydekker’s  papers,  and  placed  it  side  by  side  wdth 
that  of  Hazaia  in  a  tabular  foim  (annexed). 

Commencing  with  the  older  rocks,  it  Avill  be  observed  from  what  I  have 
already  stated,  that  the  first  discrepancy  to  be  met  with  is  in  the  position  of  the 
gneiss  of  the  tAvo  regions.  Mr.  Lydekker  refers  to  two  kinds  of  Himalajnn 
gneiss,  but  considers  that  occupying  all  or  most  of  the  gneiss  areas  on  his  maj)  as 
of  one  kind,  except  perhaps  the  central  portion  of  the  Zanskar  range,  (not  marked 
on  his  majA,  (Eecords,  Vol.  XI,  p.  30)  but  forming  the  north-west  south-east 
Avatershed  north-east  of  and  abovn  Daiwvas).  This  great  expanse  of  identical 
gneiss,  presenting  the  same  relation  of  conformity  and  transition  into  the  over- 
lying  Silurian  schists,  is  of  course  ncAver  than  the  “  central  gneiss  ”  of  pre- 
silurian  age.  The  Kajnag  ridge  belongs  to  the  Pir  Panjal  range,  and  its  gneiss 
is  at  least  lithologically  identical  with  that  of  Hazara.  But,  though  in  the  Pir 
Panjal  this  gneiss  forms  so  Avell  marked  a  base  to  the  stratigraphic  system  of  a 
Avidely-extended  area,  and  the  apparent  alternation  of  the  gneiss  Avith  quartzites 
and  schists  in  Hazara  affords  a  further  point  of  similarity,  its  general  situation 
W'ith  regard  to  the  rest  of  the  Hazara  series  conveys  no  appearance  of  its  being  a 
fundamental  rock  or  the  basal  member  of  the  stratified  series. 


Comparative  Table  of  the  Kashmir  and  Hazara  Series  on  different  sides  of  the  Jhelum  Valley  synclinial  or  deflection  of  the 

Himalayan  strike. 

(So  far  as  at  present  known). 
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Mr.  Lydekker  lias  specially  pointed  out  tlie  conformity  of  this  Himalayan 
gneiss  to  the  orerlying  silurian  strata,  but  in  HazM-a,  whether  the  contact  rock.s 
may  bo  correlated  with  hia  Pir  Panjiil  and  Pangi  groups  or  not,  the  manner  of  their 
junction  as  described  above  (sec  section  No.  4),  the  enclosure  of  detached  altered, 
and  more  highly  converted  metamorphic  schists,  within  the  gneiss,  also  the 
occurrence  of  dyke-like  veins  of  gneiss  amongst  the  schists,  w'ould  show,  that 
how'ever  conformable  the  original  rocks  may  have  been,  this  j'elation  is  rendered 
more  than  obscui-e  by  the  intensity  of  the  metamorjihism  they  have  undergone. 

Thus,  though  the  gneiss  of  the  two  regions  may  be  identical  in  hand  s23ecimons, 
its  diversity  of  arrangement  in  the  two  districts  would  point  either  to  the  occur¬ 
rence  of  two  different  gneisvS  formations,  or  else,  what  is  perhaps  more  probable, 
to  the  occurrence  of  two  distinct  modes  or  degrees  of  metamorphism  affecting  the 
rocks  within  its  range  differently  in  each  case,  coinciding  with  the  stratification 
in  one  case,  crossing  it  in  the  other. 

The  next  point  of  dissimilarity  in  the  features  of  these  tw'o  regions  is  in  con¬ 
nexion  with  the  rocks  resting  immediately  upon  the  gneiss.  In  Hazara  thei'e  are 
no  particular  zones  having  this  relation  as  yet  explored  ;  still  the  schists,  &c.,  of 
Lachikhun  mountain  would  seem  to  be  a  continuous  portion  of  those  of  northern 
Kashmir,  and  may  yet  be  found  more  palpably  resting  upon  extensions  of  the 
Hazara  gneiss  than  has  hitherto  appeared. 

The  more  than  2,000  feet  of  blue  and  black  slates,  and  flaggy  slates  with 
blue  and  fawm-colorcd  sandstones,  splintery  grayish  shales  and  locally  abundant 
limestones  of  the  Pangi  series,  scarcely  find  a  counterpart  in  the  Attock  slates, 
though  the  general  description  more  nearly  resembles  these  than  any  other  portion 
of  the  Hazara  groups.  But  the  Attock  slates  have  never  been  observed  passing 
downwards  conformably  and  with  intercalation  into  metamorphic  rocks  with 
alternations  of  gneiss  :  nor  have  they  been  knowm  to  contain  erratic  (/.e.  travelled) 
fragments  of  angular  and  waterworn  gneiss.  Hence  the  Attock  slates  do  not 
seem  to  represent  the  silurian  of  the  Kashmir  sections  ;  or  if,  notwithstanding, 
they  are  a  modified  extension  of  that  silurian  formation,  they  differ  in  not  being 
conformably  associated  with  the  gneiss. 

The  Panjal  series — of  black  and  green  slates,  sand, stones,  amygdaloidal  rocks, 
brown  sandstone  conglomerates  containing  pebbles  of  quartzite  and  slate,  white 
quartzites  and  sandstones,  and  below  all  black  slates  with  pebbles  of  gneiss  and 
quartzite,  granitoid  gneiss  with  bands  of  slate  and  quartzite, — seems  also  to  have 
no  closely  similar  group  among  the  Hazara  rocks.  The  gneiss  with  bands  of 
slate  and  quartzite  has  indeed  a  certain  resemblance  to  the  association  of  the  gneiss 
and  schists  of  this  country,  and  conglomeratic  beds  are  not  unknown  among  the 
metamorphic  schists ;  but  the  whole  aspect  of  the  group,  despite  the  entire 
absence  here  of  the  amygdaloidal  beds,  would  seem  to  possess  a  rough  similarity 
to  the  Tanol  group,  wnro  it  not  that  the  latter  contains  limestones  and  dolomites, 
unrecorded  in  the  Panjal  series,  and  it  has  not  the  relation  of  conformable  and 
transitional  superposition  upon  the  gneiss.  Another  difficulty  is  met  with  in 
seekinsr  for  the  analogues  of  the  Kashmir  carboniferous  beds  in  Hazara.  The 
general  diversity  of  the  sections  in  these  two  adjoining  areas  prepares  one  for  a 
difference  here  also,  and  I  am  unable  to  point  to  any  Hazeira  group  which  w'ould 
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occupy  tlie  place  of  tlicse  rocks  to  tke  eastward,  or  which  resembles  closely  any 
carboniferous  exposure  in  Kashmir,  as  described  by  others  or  seen  there  by  myself. 

Mr.  Lydekker  suggests  that  local  differences  in  the  carboniferous  sections 
of  that  country  may  be  accounted  for  by  suppo.sing  separate  areas  of  deposition. 
If  the  differences  inci’ease  towards  Hazara,  it  would  be  rash  to  say  the  formation 
is  as  wholly  unrepresented  as  it  appears  to  be ;  but  I  have  never  found  a  trace  of 
any  of  the  fossils  of  this  group  such  as  I  have  met  with  both  in  the  Salt  Range 
and  in  Kashmir  regions.  One  unfossiliferous  limestone  formation  may  so  closely 
resemble  another,  that  I  cannot  say  w'hether  the  massive  limo.stone  formation  of 
Gandgarh  may  not  present  some  identity  udth  that  of  the  Krol  group,  which 
I  have  never  seen,  but  which  has  been  classed  with  the  carbonifei’ous  beds  of 
Kashmir,  nor  yet  whether  it  is  similar  to  the  great  limestone  of  the  Jamu  inlicrs. 
The  slates  of  Hazara  certainly  have  a  less  shaly  look  than  those  of  the  carboni¬ 
ferous  group  in  the  Lidar  vallcy-Kashmir. 

The  occurrence  of  quartzites,  black  shales  (graphitic  or  carbonaceous)  with 
nodules  of  iron  ore,  and  limestonc.s  in  both  the  Kiol  and  the  Tanol  groups 
might  indicate  some  identity,  but  though  dolomites  are  more  characteristic  of  both 
the  latter  series  and  of  the  infra-ti-iassic  of  Hazara,  and  are  not  uncommon  in  the 
Salt  Range  carboniferous,  they  do  not  seem  to  be  strikingly  developed  in  the  Kiol 
group  of  Kashmir,  but  rather  to  be  the  prominent  feature  of  its  trias  formation. 

The  triassic  rocks  of  Hazara  are  doubtless  the  same  as  some  of  those  in 
Kashmir;  and  to  judge  from  the  description  of  the  lattei’,  it  does  not  appear 
unlikely  that  the  beds  separated  in  the  Sirban  series  as  infra-trias  are  also  in¬ 
cluded  with  the  Kashmir  formation. 

For  the  Jurassic  rocks  of  the  present  district,  I  find  no  equivalents  recorded 
in  Kashmir ;  and  the  same  remark  apiffies  to  the  cretaceous  formation ;  though 
the  Spiti  shales  of  the  country  east  and  north  of  the  Kashmir  region  are  charac¬ 
teristically  displayed  in  Hazara,  with  several  of  their  fossils. 

The  hill  nummulitic  limestones  so  extensively  developed  in  Hazara  are  not 
known  as  yet  to  exist  in  Kashmir,  where,  in  the  fringing  zone  of  limestones 
outwardly  flanking  the  Pir  Panjal,  the  carboniferous  formation  takes  their  place 
in  the  general  structural  sequence.'  But  the  upper  nummulitic  zone  of  the 
exterior  of  the  Hazara  hills  is  identical  with  the  Sabathu  zone  as  determined  by 
Messrs.  Medlieott  and  Lydekker  in  the  Jamii  country  and  near  Mnz.affarAbid ; 
I  have  myself  found  it  on  the  east  side  of  the  Jhelum  north  of  the  junction  of 
the  Nainsuk  with  that  river'. 

From  this  brief  glance  at  the  want  of  uniformity  between  the  extensive 
geological  series  of  the  two  regions,  it  appears  to  follow  that  considerable 
diversity  of  conditions  must  have  accompanied  their  formation.  In  regarding 
this  possibility  it  should  be  remembered  that,  though  the  infra- Jurassic  uncon¬ 
formity,  locally  seen  in  Hazdra,  can  scarcely  be  declared  absent  in  Kashmir  till 

>  Tn  a  paper  and  map  in  Q.  Jl.  Geol.  Soc.  Lend.  Vol.  XXXIV,  p.  347,  etc.,  I  have  represented 
tlii.s  fringing  zone  as  niesozoic  as  originally  shown  in  Eoc.  CJool.  Snr.  Ind.,  Vol.  IX,  p.  155. 

'  A  different  view  of  the  correlation  of  the  nummulitic  roclss  east  and  west  of  the  Jlielum 
has  been  suggested  (Rec.  Geol.  Surv.,  India,  IX,  p.  57),  whereby  the  lower  or  hill-nummulitic 
limestone  is  not  regarded  as  lower  than  the  Subathu  group,  hut  as  only  a  different  form  of  con¬ 
temporaneous  deposits  (see  also  Manual,  p.  566). 
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Jurassic  rocks  are  found,  there  is  no  record  in  the  Kashmir  sections  of  the  very 
complete  break  at  the  base  of  the  Infoa-trias  group  in  Hazara.  The  slight 
and  broken  chain  of  similarities  between  the  series  commences  with  the  litholo¬ 
gical  identity  of  the  gneiss,  is  most  developed,  apparently,  in  the  trias  forma¬ 
tion,  and  ends  with  the  upper  nummulitic  tertiary  group,  or  the  far  moi’o 
recent  Karewah  bods.  Excepting  perhaps  the  most  metamorphosed  rocks,  all 
the  others  present  more  of  disparity  than  unity,  and  the  reason  for  this  might 
no  doubt  be  found  if  the  early  history  of  the  western  Himalayan  rocks  and  ranges 
were  more  completely  known. 

Mr.  Medlicott  has  pointed  out  (Records  Vol.  IX,  pt.  2,  p.  51)  that  the 
elevation  of  the  middle  Himalayan  area  to  the  eastward  of  this  country  dates 
from  early  or  middle  secondary  times,  and  that  disturbance  was  specially  displayed 
towards  the  close  of  the  eocene  period ;  but  that  from  this  early  secondary  date 
to  the  most  recent  (Siwalik)  tertiary  times  no  disturbance  took  place  in  the 
region  of  the  Jhelum,  that  is,  in  a  part  of  the  country  to  which  the  present 
remarks  refer.  The  later  observations  of  Mr.  Lydekker  on  the  carboniferous 
series  of  Kashmir,  indicating  separated  areas  of  deposition,  and  the  denudation 
of  the  Attock  slates  of  Hazara,  besides  the  evidence  afforded  by  the  fragments  of 
ancient  gneiss  in  the  Pangi  series  and  rolled  quartzite  pebbles  in  the  Tanol 
conglomerates,  all  these  would  seem  to  point  to  various  stages  of  disturbance 
and  repose  of  earlier  date  than  mesozoio  times  in  the  western  Himalajmn 
regions ;  the  absence  also  of  two  of  the  mesozoic  formations,  so  far  as  dis¬ 
tinct  records  go,  in  Kashmir,  together  with  that  of  the  great  eocene  hill-limestone 
so  largely  developed  in  Hazara,  may  possibly  be  connected  with  distribution  of 
depositing  areas  consequent  upon  elevation  in  later  mesozoic  times.  Hence  the 
localization  of  the  central  Himalayan  disturbance,  with  regard  to  the  deposition 
of  the  later  tei’tiary  groups,  may  bear  limitation  to  the  early  eocene  period  ;  and 
the  discordance  between  the  Hazara  and  Kashmir  series  may  be  due  to  more  or 
less  local  or  intense  disturbances  of  these  mountain  regions  at  various  dates  from 
an  early  palseozoic  to  the  most  recent  tertiary  or  even  post-tertiary  period,  if  the 
dip  of  the  Karewahs  is  attributable  to  elevation  along  the  Pir  Panjal  range  or 
subsidence  on  the  opposite  side  of  the  Kashmir  valley. 

10.  Post-teHiary  deposits. — These  are  not  so  prominently  seen  in  Upper 
Hazara,  as  in  the  lower  country  to  the  south-west,  but  the  Pakli  valley  and  the 
Hazara  plain  ai-e  filled  with  detrital  accumulations  which  may  be  referred  to  the 
older  kind  of  alluvial  formation.  There  are  also  semi-fan-like  accumulations  in 
the  neighbourhood  of  Abbottabad,  and  thence  towards  Mansahra,  the  original  con¬ 
tinuous  surfaces  of  which  have  long  since  been  deeply  cut  into  by  the  torrential 
streams  of  the  country,  indicating  a  considerable  age  for  these  fans. 

The  detrital  accumulations  of  Lower  Hazara,  and  the  Dore  river  are  largely 
formed  of  slate  debris  :  and  the  gneissic  or  syenitic  gravel,  found  further  west 
towards  the  Indus,  has  not  been  seen  beneath  these  deposits.  In  parts  of  the  Pakli 
plain,  however,  I  found  a  limestone  drift  sometimes  cemented  by  carbonate  of 
lime,  which  appears  most  probably  to  have  come  from  the  southern  mesozoic  or 
eocene  hills,  as  it  was  met  with  on  that  side  of  the  plain. 

It  seems  to  me  very  probable  that  these  deposits  are  of  the  same  age  as  the 
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Karewahs  of  Kashmir ;  but  I  would  not  on  that  account  convey  the  idea  that 
they  were  of  Siwalik  or  even  of  tertiary  age. 

11.  Alluvimn  and  river  deposits. — The  alluvium  of  the  Dore  and  other  rivers  of 
Hazara,  in  low  situations,  is  of  light  drab  silt,  not  calling  for  particular  notice. 
Along  the  Indus  the  river  deposits  occur  for  considerable  spaces  in  the  form  of 
terraces,  rising  to  more  than  100  feet  above  the  river.  The  material  brought 
down  by  this  river  is  also  moi’e  sandy  than  in  other  cases. 

A  good  example  of  the  fan-form  of  river  deposit  occurs  a  couple  of  miles 
north  of  Garhi,  along  the  lower  part  of  a  mountain  torrent  from  the  Lachikun 
range.  The  outlines  of  similar  fans  were  also  seen  far  above  the  highest  point 
visited  on  the  Indus,  but  within  the  Amb  territory,  which  is  difficult  of  entry 
wdthout  much  official  correspondence  with  the  political  officers. 

12.  Northern  drift. — I  use  this  term  instead  of  the  more  simple  one  “eiTatic 
drift,  which  would  appear  to  convey  to  some  Indian  geologists  a  closer  connexion 
with  glacial  geology  than  is  necessary  to  the  purpose.  By  northern  drift  then 
is  here  meant  that  influx  of  travelled  masses,  which  has  followed  the  course  of  the 
Indus  from  the  north,  and  been  distributed  over  large  spaces  of  the  Bawalpindi 
plateau,  to  a  distance  (I  am  informed  by  Mr.  Theobald)  of  25  miles  from  the 
river.  These  blocks  are  easily  recognizable  all  along  the  Upper  Indus,  as  far  as 
I  went,  to  be  the  same  as  those  further  down  its  course.  They  often  rest  on  the 
terraces,  and  some  of  them  are  of  very  large  size.  They  are  even  more  numerous 
along  the  narrow  part  of  the  river  valley  than  in  the  lower  country.  This  drift  of 
foreign  or  transported  blocks  has  penetrated  from  the  northwards  up  the  cour.se  of 
the  Sirun  and  Dore  discharge,  as  far  as  the  point  where  then’  united  valley  begins 
to  cut  across  the  end  of  the  Gandgarh  range ;  and  at  one  or  two  points  huge  boirlders 
of  granite  or  granitic  gneiss  seem  once  to  have  almost  entirely  blocked  the  valley. 
One  of  these  boulders,  between  the  Turbela-Haripur  road  and  the  river  Sirun, 
composed  of  a  fine  grained  granitoid  rock,  not  the  Hazara  gneiss,  measured  221- 
feet  X  36  feet  X  24  feet,  and  has  a  girth  of  109  feet. 

The  boulders  are  scattered  over  a  considerable  space  eastward  of  this  stream, 
where  the  ground  is  lower  than  to  the  west,  and  there  is  a  regular  drift  of  well- 
rounded  gneiss  blocks,  often  larger  than  paving  stones,  which  terminates  in  two 
high  mound-shaped  hillocks  at  the  upper  end  of  the  gorge  near  Dare  village. 
This  disposition  of  the  transpoHed  materials  shows  that  many  of  them  may 
have  found  a  passage  through  this  opening,  and  floated  away  to  the  southward, 
if  rafted  by  ice,  at  a  time  when  the  Indus  ran  at  a  higher  level,  and  most  of  the 
lower  country  may  have  been  occupied  by  a  lake.  Some  large  limestone  blocks 
(from  what  group  derived  being  uncertain),  which  occur  near  Sultanpur  on  the 
Haripur — Hasan  Abdal  road,  may  be  connected  with  this  line  of  transport. 

One  remarkable  and  very  large  mass  of  the  triassic  or  supra-trias  limestone  of 
Sirban  rests  perched  at  about  4,300  feet  on  the  slate  hills  of  the  opposite  side  of 
the  valley  above  the  village  of  Sulhud.  It  is  from  25  to  35  feet  high,  and  127  paces 
in  circumference.  This  mass  seems  to  have  slipped  from  the  Sirban  mountain 
at  a  time  when  the  deep  valley  between  it  and  that  elevation  had  not  been  exca¬ 
vated,  and  its  forcible  passage  northward  appears  to  have  somewhat  disturbed  the 
edges  of  the  slates  forming  the  surface  beneath.  I  could  find  upon  it  no  traces  of 
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the  action  of  ice,  nor  could  I  see  any  remains  of  a  moraine  in  the  vicinity. 
Indeed,  these  latter  evidences  of  glacial  agency  have  never  presented  themselves  to 
notice  in  any  part  of  Hazara  I  have  as  yet  seen,  though  Mr.  Theobald  informs 
me  he  has  found  glacial  strise  on  one  of  the  large  fragments  of  quartzite,  a  short 
way  below  Turbela.  Quartzite  of  the  Tanol  group  occurs  in  the  immediate 
locality,  but  it  would  be  next  to  impossible  to  identify  one  of  the  stream  blocks 
with  the  rock  of  the  vicinity,  or  to  prove  the  former  existence  of  a  glacier  at  the 
spot  from  the  existence  of  striation  under  such  circumstances. 
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Bulletins  de  L’Academie  Royale  des  Sciences  de  Belgique,  2nd  Series, 
Vols.  XLI-XLV  (1876-78),  8vo,  Bruxelles. 

The  Academy. 


„  Bulletin  de  la  Society  Beige  de  Geographic,  Xo.  5  (1878),  8vo, 
Bruxelles. 

The  Society. 

„  M^moires  Couronnes  et  Autres  Memoires  publies  par  I’Academie 
Royale  de  Belgique,  Vol.  XXVII-XXYIII  (1877-78),  8vo, 
Bruxelles. 

The  Academy. 

„  Memoires  Couronnes  et  Memoires  des  Savants  etrangers  publics  par 
I’Academie  Royale  de  Belgique,  Vols.  XI  and  XLI  (1876 
and  1878),  4to,  Bruxelles. 

The  Academy. 

„  Memoires  de  L’Acad4mie  Royale  des  Sciences,  des  Lettres  et  des 
Beaux  Arts  de  Belgique,  Vol.  XLII,  (1878),  4to,  Bruxelles. 

The  Academy. 

„  Namur,  A. — Tables  de  Logarithmes  (1877),  8vo,  Bruxelles. 

The  Academy. 

Calcutta. — Journal  of  the  Asiatic  Society  of  Bengal,  New  Series,  Vol.  XL VII, 
Part  I,  No.  4  (1878),  8vo,  Calcutta. 

The  Society. 

„  Proceedings  of  the  Asiatic  Society  of  Bengal,  No,  X,  December,  and 
No.  I,  January  (1878-79),  8vo,  Calcutta. 

The  Society. 

„  Memoirs  of  the  Geological  Survey  of  India,  Vol.  XIV  (1878),  8vo, 
Calcutta. 

The  Survey. 

„  Palseontologia  Indica,  Series  IV,  3,  and  Series  XII,  I  (1879),  4to, 
Calcutta. 

The  Survey. 

„  Records  of  the  Geological  Surrey  of  India,  Vol.  XII,  Part  1(1879), 
8 VO,  Calcutta. 


The  Survey. 
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CoPENHAaEN.— Memoires  de  L’Academie  Royale  de  Copenhagen,  Sth  Series,  Vol. 
XII,  No.  3  (1878),  4to,  Copenhagen. 

The  Academy. 

Dublin. — Proceedings  of  the  Royal  Irish  Academy,  Series  II,  Vol.  III,.  No.  2 
(1878),  8vo,  Dublin. 

The  Academy. 

„  Transactions  of  the  Royal  Irish  Academy,  Vol.  XXVI,  Science  No.  17. 
(1878),  4to,  Dublin. 

The  Academy. 

Geneva. — Memoires  de  la  Societe  do  Physique  et  d’Histoire  Naturolle  de  Geneve, 
Vol.  XXV,  Part  2,  and  XXVI,  Part  1  (1878),  4to’ 
Geneva. 

The  Society. 

Lausanne. — Bulletin  de  la  Society  Vandoise  des  Sciences  Natnrelles,  Vol.  VII, 
No.  50  (1863),  8vo,  Lausanne. 

The  Society. 

LihoE. — Annales  de  la  Societe  G^ologique  de  Belgique,  Vol  IV,  (1877),  8vo, 
Liege. 

The  Society. 

London.— Catalogue  of  the  Library  of  the  Mu^um  of  Practical  Geology  and 
Geological  Survey  (1878),  8vo,  London. 

The  Museum. 

„  J ournal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland, 
Vol.  VIII,  No.  2,  November  (1878),  8vo,  London. 

,,  Proceedings  of  the  Ro3’al  Geographical  Society  and  Monthly  Record 
of  Geography,  Vol.  I,  Nos.  1-2  (1879),  8vo,  London. 

,,  Quarterly  Journal  of  the  Geological  Society  of  London,  Vol.  XXXIV, 
Part  IV,  No.  136,  with  list  of  Fellows  for  1878,  (1878),  8vo, 
London. 

The  Society. 

MADUiD.—Boletin  de  la  Sociedad  Geographica  de  Madrid,  Vol.  IV,  No.  6,  and 
Vol.  V,  Nos.  2  to  4  (1878),  8vo,  Madrid. 

The  Society. 

Melbouenb. — Report  of  progress  by  the  Secretary  for  Mines,  No.  5  (1878), 
roj'al  8vo,  Melbourne. 

The  Seoeetaey  foe  Mines. 

New  Haven. — Transactions  of  the  Connecticut  Academy  of  Arts  and  Sciences, 
Vol.  Ill,  Part  2,  and  Vol.  IV,  Part  1  (1877-78),  8vo, 
New  Haven. 

The  Academy. 

Paeis. — Bulletin  de  la  Societe  Geologique  de  Franco,  3rd  Series,  Vol.  VI,  No.  4 
(1878),  8vo,  Pan’s. 


The  Society. 
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Philadelphia. — Journal  of  the  Franklin  Institute,  3rd  Series,  Vol.  LXXVI, 
Xo.  6,  and  Vol.  LXXVII,  Xos.  1-2  (1878-79),  8to, 
Philadelphia. 

The  Institute. 


Rome. — Atti  della  Reale  Aceademia  dei  Lincei,  Series  III,  Transunti,  Vol.  Ill, 
Nos.  1-2  (1878-79),  4to,  Rome. 


The  Academy. 


Bollettino  R.  Comitato  Geologico  d’ltalia.  Nos.  11-12  (1878),  8vo,  Rome. 

The  Commission. 


Sydney. — Clarke,  Reyd.  W.  B. — Remarks  on  the  Sedimentary  Formations  of 
New  South  Wales,  4th  Edition  (1878),  8vo,  Sydney. 

Royal  Society,  New  South  Wales. 


Sydney. — Journal  and  Proceedings  of  the  Royal  Society  of  New  South  Wales, 
Vol.  XI,  1877  (1878),  8vo,  Sydney. 


The  Society. 


„  Rae,  John. — Report  on  the  construction  and  working  of  the  Railways 
of  New  South  Wales  during  1876  (1877),  flscap.,  Sydney. 

Royal  Society  op  New  South  Wales. 

Turin. — Atti  della  R.  Aceademia  delle  Scienze  di  Torino,  Vol.  XIII,  Nos.  1-8, 
and  XIV,  No.  1  (1877-78),  8vo.  Torino. 

The  Academy. 


Bollettino  dell’Osservatorio  della  Regia  Universita  di  Torino,  Anno 
XII  (1877),  4to,  Torino. 

The  Academy. 

Memorie  della  Reale  Aceademia  delle  Scienze  di  Torino,  2nd  Series,  Vol. 
XXIX  (1878),  4to,  Torino. 

The  Academy. 


Tuscany. — Processi  Verbali  della  Societa  Toscana  di  Scienze 
January  1879  (1879),  8vo,  Tuscany. 


Naturali,  21st 
The  Society. 


Vienna. — Jahrbuch  der  kais.  konig.  Ceologischen  Reichsanstalt,  Band  XXVIII, 
No.  3  (1878),  8yo,  Wien. 


The  Institute. 


„  Verhandlungen  der  kais.  konig  Ceologischen  Reichsanstalt,  Nos.  11-13 
(1878),  8vo,  Wien.  The  Institute. 

Washington.*— Hayden,  F.  V. — Catalogue  of  the  publications  of  the  U.  S. 

Geological  and  Geographical  Survey  of  the  Territories,  3rd 
Edition  (1879),  8vo,  Washington. 

F.  V.  Hayden,  Esq. 
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TIECORDS 


OF  THE 

GEOLOGICAL  SURVEY  OF  INDIA. 


Part  3.]  1879.  [August. 


On  the  geological  featukbs  op  the  nobtheen  part  op  Madera  District,  the 
PoDEKOTAi  State,  and  the  southern  parts  op  the  Tanjore  and  Trichinopolt 
Districts  included  within  the  limits  op  Sheet  80  of  the  Indian  Atlas, 
hj  R.  Bruce  Foote,  F.G.S.,  Geological  Survey  of  India. 

I.— INTRODUCTORY. 

The  'country  to  be  noticed  in  the  following  pages  belongs  partly  to  the  Madura, 
Tanjore  and  Trichinopoly  districts,  partly  to  the  native  state  of  Pudu- 
kotai  (Poodoocottah)  or  Tondiman.  Topogi'aphically  this  region  may  be 
described  as  a  gently  undulating  inclined  plane  rising  very  slowly  westward 
from  the  delta  of  the  Cauvery,  or  the  sea  board.  It  is  only  in  the  western 
pai-t  that  the  surface  is  broken  by  a  few  low  but  steep  hills  rising  in  the  gneissie 
area,  and  by  the  lines  of  scarj)  corresponding  generally  with  the  western  boun¬ 
dary  of  the  lateritic  formations,  which  occupy  by  far  the  greater  part  of  the 
country  now  under  consideration. 

The  hydrology  of  this  area  is  of  very  simple  character,  all  the  drainage 
H  di'olog  falling  in  a  general  south-easterly  direction  into  the 

section  of  the  Bay  of  Bengal  known  as  Palk’s  Bay,  by 
eight  principal  streams.  These  streams  are,  with  one  exception,  quite  of  small 
size,  the  exception  being  the  Vaigai  (Vygah)  which  drains  the  central  part 
of  Madura  district.  Of  the  others  the  two  most  northerly  are  really  branches  of 
the  Cauvery  proper ;  they  are  the  Kori-ar  (Ooray-aur)  and  Pamani-ar  (Pau- 
maney-aur),  the  former  running  parallel  with,  but  a  little  distance  from,  the 
western  boundary  of  the  southern  part  of  the  delta,  the  latter  flowing  partly 
just  within  the  delta,  and  partly  within  the  lateritic  area,  this  latter  part  of  its 
course  being  apparently  of  artificial  origin. 

The  Ikani-dr  (Icauney-aur)  which  falls  into  the  bay  to  the  south-west  of 
Adrampatam  rises  in  the  Trichinopoly  district,  close  to  Illipui,  has  a  course  of 
only  about  fifty  miles,  and  is  rather  torreht.like  in  its  behaviour  in  wet  seasons. 
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The  Vollar  (Vellaur)  -which  rises  amoBgthe  hills  west  of  the  Trichinopoly- 
Madura  road,  in  Lat.  9°  25'  and  Long.  78°  20',  is  also  very  torrential  in  its  charac¬ 
ter,  rising  suddenly  in  high  freshes  of  short  duration  which  cut  away  the  hanks  or 
excavate  side  channels.  According  to  the  map  (sheet  80  of  the  Indian  Atlas), 
the  Vellar  forks,  near  the  coast,  into  two  branches,  represented  as  of  equal  size, 
the  northern  branch  being  known  as  the  Narasinga  Cauvery.  How  the  topogra¬ 
phical  surveyors  came  to  show  this  phenomenon  is  hard  to  understand,  for  it 
does  not  exist  in  nature.  The  northern  branch  does  not  occur  as  shown,  the  so- 
called  Narasinga  Cauvery  being  in  reality  nothing  more  than  an  insignificant 
irrigation  channel  of  such  small  dimensions  that  I  crossed  it  repeatedly  near 
Arrantangy  without  noticing  it,  though  I  was  looking  for  it.  The  southern  branch 
shown  in  the  map  is  a  gemrine  river,  200  to  300  yards  wide  and  of  considerable 
depth  at  flood  times.  Like  the  other  rivers,  in  this  region  the  V ellar  proper  flows 
in  a  distinctly  marked  allumal  valley,  while  the  Narasinga  Cauveiy  channel  leaves 
the  alluvium  immediately  below  its  head,  and  traverses  an  unaltered  tract  of 
lateritic  sand  till  it  reaches  the  coast  alluvium. 

Next  comes  the  Pambar  (Paumben-aur),  which  rises  to  the  west  of  Trimicm 
(Tirmium)  in  Pudukotai. 

Of  the  throe  remaining  streams,  the  Manimut-ar,l  or  Ti-ipatur  river,  the 
Serruvayal  (Hoop-aur  of  sheet  80),  and  the  Vaigai,  only  small  portions  of  their 
courses  lie  within  our  area.  The  Manimut-ar  gathers  the  drainage  of  the  eastern 
end  of  the  Sirumallai,  a  considerable  mountain  lying  to  the  north-by-oast  of 
Sladura,  and  of  the  hills  lying  north  of  Nottam  in  Madura  and  Trichinopoly  dis¬ 
tricts.  The  Serruvayal  rises  on  the  high  ground  east  of  the  Ti-ichiuopoly-Madtira 
road  near  Melur  (Mailore),  and  the  Vaigai  (Vygah)  takes  its  origin  at  the  head 
of  the  great  Cambam  valley  on  the  eastern  side  of  the  Southern  Ghats.  The 
headwaters  of  the  Vaigai  drain  only  the  eastern  scarp  of  the  ghats  which  re¬ 
ceives  but  a  very  limited  supply  of  rain,  the  watershed  of  the  whole  mountain 
mass  lying  in  this  quartei’  along  the  easternmost  ridge,  hence  the  rivei'  is  of 
much  less  volume  and  importance  than  might  be  expected.® 

The  geological  structure  of  the  area  hero  treated  of  is  as  simple  as  its  topo- 
Gcological  formations  g^pl^ical  features,  all  the_  rocks  met  with  being  referable 
met  with.  to  but  six  divisions,  which  are  hero  given  in  their  des¬ 

cending  order : — 

6.  Soils  and  subaeri.al  formations. 

5.  Alluvial  formations,  marine  and  fluviatilo. 

4.  Lateritic  conglomerates,  gravels  and  sands. 

<5.  Cuddaloro  sandstones,  grits  and  congl.->merate3. 

2.  ripper  Goudwana  beds.  Hard  mottled  shales. 

1.  Gneissic  or inctamorpliic  rocks. 

1  The  name  Vcrshalay-aur  given  to  the  Tripatur  river  on  sheet  80  is  not  recognized  by  the 
natives  for  the  upper  or  middle  piart  of  the  course.  They  all  call  it  the  Manimut-ar. 

2  A  noble  project  for  turning  into  the  Vaigai  the  surplus  waters  of  one  of  the  principal  rivers 
now  flowing  to  waste  in  the  Cochin  backwater  has  been  long  and  earnestly  recommended  by  the 
Madras  engineers.  As  the  south-west  monsoon  rains  never  fail  completely  on  the  higher  ridges  of 
the  ghats,  this  project  of  tl rowing  a  vast  supply  of  water  across  the  present  watershed  would,  if 
carried  out,  confer  an  immense  boon  upon  the  hot  and  now  too  often  drought-stricken  plains  of  the 
Mailnni  coiinlry. 
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Tlio  gneissic  rocks  occii2:)y  tke  western  part  of  the  area  to  be  described,  and 
Tlie  gneissic  scries.  form  the  highest  prominences  in  it.  Amongst  them  are  the 
line  of  hills  stretching  from  south  of  Kolatur  (Colatoor), 
south'South-wostward  to  the  Pudukotai-Illipur  road,  near  Annavassel ;  and  soyeral 
small  granite  gneiss  hills  to  the  south  of  the  Vellar,  at  and  near  Trimiem. 
Between  the  valley  of  the  Manimut-ar  and  that  of  the  Vaigaiat  Madura,  a  number 
of  hills  of  small  height,  but  often  of  very  striking  outline,  occur  dotted  about  at 
no  great  distance  from  the  eastern  boundary  of  the  gneissic  area.  Between  these 
hills  the  general  surface  of  the  gneiss  country  is  gently  undulating. 

A  considerable  part  of  the  surface  of  the  gneissic  rocks  is  occupied  by  debris 
of  the  younger  overlying  rocks,  which  have  been  in  greatest  part  destroyed  by  the 
denuding  agency  of  atmospheric  forces. 

The  rocks  assigned  to  the  Rajmahal  section  of  the  Upper  Gondwana  system 
are  very  slightly  exposed,  and  their  contact  with  the 
gneiss  was  not  visible,  but  there  is  no  reason  from  the 
analogy  of  other  parts  of  the  Coromandel  coast  to  imagine  that  their  base  rests 
on  anything  else  than  the  gneiss. 

The  Cuddalore  sandstones  and  grits  rest,  wherever  their  base  is  exposed,  on  the 
irregular  surface  of  the  gneissic  rocks,  and  are  them- 


Rajmabal  secondary  rocks. 


Cuddalore  tertiary  rocks. 


selves  overlaid  by  lateritic  conglomerates,  gravels  and 


sands,  the^relations  between  the  two  being  extremely  obscure  fi'om  the  great 
petrological  similarity  of  two  of  the  princijial  members  of  either  group,  and 
from  the  exceedingly  limited  number  and  unsatisfactory  character  of  the  sections 
in  which  the  two  series  are  exposed  in  juxtaposition. 

The  total  absence  of  organic  remains  from  both  series  greatly  increases  the 
difficulty  of  dealing  with  them.  The  unconformity  of  the  two  groups  is  inferred 
fi’om  the  extensive  overlap  of  the  younger  of  the  two.  The  stratigraphical 
phenomenon  of  overlap  generally  involves  unconformity  between  the  formations 
affected  by  it,  but  no  positive  physical  necessity  exists  that  there  should  bo 
such  unconformity  in  every  case,  and  I  have  been  often  strongly  tempted  to  tliink 
that  in  this  region  it  is  a  case  of  non-jjroven.  Only  one  section  was  seen  in 
which  unconformity  could  be  demonstrated,  and  in  several  of  the  host  sections 
there  is  a  passing  of  true  mottled  grits,  which  may  belong  to  cither  gi’oup,  into 
lateritic  conglomerates  of  the  most  typical  character,  instances  of  which  will  be 
adduced  further  on. 

The  Cuddalore  conglomerates,  sandstones,  &c.,  appear  to  be  the  lower  part  of 
one  formation;  the  lateritic  conglomerates  (mostly),  gravels  and  sands  the 
upper  part  of  one  and  the  same  group  of  I’ocks  ;  mottled  grits  of  both  ages 
apparently  lying  in  between. 

The  conglomeratic  beds  of  both  groups  occur  in  the  western*  parts  of  the 
areas,  and  generally  close  to  the  boundary,  at  which  they  are  mostly  well  displayed. 

The  gravelly  and  sandy  members  of  the  lateritic  group  occupy  the  eastern 
part  of  the  slope,  and  sink  in  most  cases  very  gently 
The  latentio  roc  s.  ]3elow  the  delta  of  the  Cauvery,  or  the  coast  alluvium. 


^  North  of  our  area  the  conglomerated  forms  are  hest  seen  along  the  iiorthcru  houndarv  of 
the  formation  between  Vellam  and  Taujore. 
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The  alluvia. 


Granular 

gneiss. 


The  latoritic  area  is  divided  by  the  alluvial  valleys  of  the  several  rivers 
above  enumerated  into  various  patches,  of  which  the  most  northerly  are  by  far 
the  largest  in  area.  These  patches  will  be  found  described  and  named  further 
on. 

Of  the  alluvia  there  is  very  little  to  say.  Only  a  strip  of  the  southern  part 
of  the  Cauvery  delta  was  examined.  The  marine  allu¬ 
vium  forms  but  a  very  narrow  belt  in  the  Adrampatam* 
corner,  and  the  river  alluvia  are  of  no  great  extent  or  im]30rtance.  Owing 
to  the  great  extent  of  wet  cultivation  carried  on  along  the  vai'ious  rivers  and 
under  tanks  constructed  across  their  tributaries,  the  apparent  area  of  the  allu¬ 
vium  has,  in  the  course  of  many  centuries,  been  largely  increased  by  the  forma¬ 
tion  of  artificial  alluvial  sj^roads,  the  boundaries  between  which  and  the  true 
alluvia  it  is  in  very  many,  if  not  in  most,  cases  impossible  to  determine  with  any 
accuracy. 

The  several  rock  groups  will  be  most  conveniently  studied  by  taking  them  in 
ascending  order. 

II.— The  gneissic  or  metamoephic  rocks. 

The  prevalent  form  of  gneiss  in  this  region  is  quartzo-felspathic  micaceous 
granitoid  or  semi-granitoid  gneiss,  of  pinkish  or  greyish- 
quartzose  colour*.  In  texture  it  varies  from  a  massive,  coarse, 

highly  granitoid  rock  to  a  schistose  gneiss  nearly  akin  to 
mica  schist.  A  very  marked  variety  which  is  of  common  occurrence  is  a  coarse 
granular  quartz  rock  very  rudely  bedded  and  showing  numerous  small  indistinct 
cavities  from  which  some  mineral  has  been  weathered  out.  In  some  cases  these 
cavities  are  filled  w'ith  an  earthy  form  of  dark  red  or  brown  hfematite.  The 
cavities  He  in  the  planes  of  lamination  (coinciding  with  the  bedding),  and 
indeed  but  for  the  cavities  the  lamination  would  not  be  visible  in  most  cases. 
The  mass  of  the  quartz  is  in  places  not  unfrequently  very  translucent  and 
vitreous  in  texture. 

Hornblendic  varieties  of  gneiss  are  very  much  less  common  in  this  region, 
and  talcose  or  chloritic  schists  were  nowhere  observed.  Ferruginous  schists 
are  extremely  rare ;  no  example  of  hosmatite  schist  was  met  with,  and  only  one 
example  of  magnetite  schist. 

Finely  banded  granite  gneiss  of  dense  grain  occurs  here  and  there  largely, 
as  at  Tirkornum,  west  of  Pudukotai,  and  at  Ammachattram  on  the  Triohinopoly 
road. 

The  line  of  hills  already  referred  to  (page  143)  which  cuts  the  Triehinopoly  road 
south  of  Kolatur,  and  forms  the  Alurruttimallai"  and  Narthamallai,  consists 
of  banded  slightly  hornblendic  granite  gneiss  of  pale  grey  color  weathering  to 
pale  dirty  ilesh  color,  and  showing  characteristic  bare  rocky  masses.  Tors  are 
not  remarkable,  or  abundant,  but  there  is  much  weathering  along  the  lines  of 

'  Properly  tlie  name  of  tliis  place  should  be  called  Adivira-riima-jiatiiain. 

^  The  Alurrutti  Malhii  or  “  Man-rolling  hill”  obtained  its  name  from  the  practice  adopted 
in  former  times  of  executing  criminals  hy  rolling  them  over  the  great  precipice  on  the  south 
side  of  the  hill.  The  hill  is  about  400  feet  in  height,  and  the  upper  part  of  the  great  south  scarp 
overhangs  slightly. 
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outcrop  and  along  tlie  plane  of  an  important  joint  occupying  a  nearly  hori¬ 
zontal  position,  giving  rise  to  numerous  low  caves  and  rock-shelters  which  are 
yet  used  for  various  purposes  by  the  field  labourers.  The  basset  edge  of  the 
bedding  coincides  with  the  run  of  the  hills,  and  the  dip  is  westerly.  A  good 
specimen  of  a  rock-cut  Hindu  temple  is  to  he  seen  on  the  east  side  of  Hartha- 
mallai,  and  near  it  ai’e  some  large  holes,  now  full  of  water,  formed  apparently 
by  the  weathering  out  of  lenticular  masses  of  more  perishable  rock. 

*  The  Annavassel  hills  are  of  very  similar  petrological  character,  and  so  also  is 
the  bold  rocky  mass  of  the  Kudumimallai  (Kodcmeahmallai),  four  miles  further  to 
the  south-west,  so  called  by  the  natives  from  a  fancied  resemblance  to  the  lock  of 
hair  worm  by  orthodox  Hindus  at  the  back  of  their  heads. 

These  hills  are  almost  bare  of  vegetation  owing  to  their  very  rocky  character, 
but  to  the  east  of  Narthamallai  is  a  ridge  of  the  highly  crystalline  quartzose  rock 
above  mentioned,  which  crumbles  by  weathering  into  a  coarse  grit  thickly  covered 
by  heavy  thorny  scrub.  Very  little  rock  is  to  bo  seen  here,  and  the  contrast 
between  the  two  ridges  is  very  marked.  The  bedding  of  this  quartzoso  rock 
is  very  obscure,  but  still  traceable  by  the  lines  of  hrematitic  grains  which 
form  discontinuous  laminm.  A  precisely  similar  rock,  probably  the  extension  of 
the  same  bed,  is  to  be  seen  a  little  south-east  of  Pilliur  (Pilleoor),  eleven  miles 
to  the  north-east-by-north.  Ho  other  minerals  could  be  traced  in  this  rock.  This 
band  of  granular  quartzose  gneiss  shows  also  strongly  to  the  east  of  the  Anna- 
vassel  hill,  and  is  doubtless  connected  with  more  southerly  outcrop  of  similar 
rock,  as,  for  example,  that  on  the  south  bank  of  the  V ellar,  close  to  Henianur. 
Still  further  south  this  very  peculiar  variety  of  gneiss  occurs  largely,  and  forms 
several  low  hills  and  ridges  which,  though  nowhere  of  any  height,  are  yet  con¬ 
spicuous  from  their  light  color  where  not  covered  by  jungle,  or  from  their  being 
crested  by  narrow  ridges  of  bold  blocks  and  tors.  Among  these  the  following  are 
noteworthy :  the  Heddamurrum  hill,  three  miles  north-east  of  Tripatur,  the 
Manmallai  (Miinmullay),  the  north-eastern  extremity  of  a  long  low  ridge  which 
crosses  the  Tripatur-Sivaganga  high  road,  and  may  bo  traced  for  some  thirteen 
miles  to  the  west-south-west.  This,  which  in  parts  is  crested  by  a  row  of  striking 
tors,  forms  for  a  distance  of  fully  ten  miles  a  perfectly  straight  boundary  line 
on  which  the  western  edge  of  the  Sivaganga  (Shevagunga)  lateritic  patch  abuts. 

Another  ridge,  about  250  feet  high  and  three  miles  long,  lies  between  two  and 
three  miles  north-west  of  the  Manmallai,  and  is  locally  known  as  the  Yerimallai. 
In  both  these  ridges  the  beds  have  a  very  high  westerly  dip,  ranging  from  75“ 
to  nearly,  if  not  absolutely,  vertical.  Very  similar  to  both  these  ridges  is  another 
which  abuts  on  the  left  bank  of  the  Vaigai  river,  about  four  miles  south-east  of 
the  town  of  Madura,  and  which  extends  east-north-east  towards  and  apparently 
joins  the  row  of  huge  tors  which  culminates  in  the  Trivadur  trigonometrical 
station  hill.  Besides  the  outcrops  of  the  granular  quartzose  gneiss  above  men¬ 
tioned  three  other  occurrences  of  it  should  be  noted  ;  these  are  a  band  occuning 
about  two  and  a  half  miles  east  of  Tripatur,  which  is  possibly  a  continuation  of 
the  Heddamurrum  beds  before  referred  to.  The  gneissic  rock  seen  in  the  inlior 
south  of  Trimiem  is  a  similar  granular  quartzose  variety,  the  crest  of  a  basset 
edge  from  which  the  overlying  laterite  has  been  denuded. 
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UnconiioctGd  with  any  of  the  above  beds  is  a  band  of  the  gramilai’  rock  at 
Mallampatti  (Mullumputty),  forming  a  low  rocky  ridge.  The  bedding  in  this 
ease  is  extremely  obscure  and  doubtful. 

A  gi’eat  show  of  beautifully  banded  micaceous  granite  gneiss  is  to  be  seen  at 
Orxnite  ’  Virallimallai,  a  bold  rock  crowned  with  a  temple  of  some 

crops.  ^  note  about  twenty  miles  south-west  of  Trichinopoly  on 

the  high  road  to  Madura.  The  lamination  is  in  parts 
greatly  contorted  and  “vandyked,”  and  the  pink  color  of  the  rock,  banded  with* 
shades  of  grey  and  occasional  black  micaceous  laminte,  forms  a  stone  of  striking 
beauty.  A  similar  banded,  but  paler  coloi’ed  hornblendic  gi-anite  gneiss  is  very 
largely  quarried  at  Puliarpathi  (Pooliai’putty),  four  and  half  miles  east  of  Trijratur. 
The  rock  here  has,  however,  undergone  much  less  contortion,  and  the  beds  run  in 
a  simple  ridge  coinciding  with  the  strike.  These  beds  appear  to  underlie  the 
granular  quartzose  beds  which  form  the  Neddamurrum  hills  above  referred  to. 

Among  the  more  noteworthy  outcrops  of  gi’anite  gneiss  in  the  northern  irart 
of  our  area  is  a  band  of  a  pale  grey  micaceous  variety  which  forms  some  large  tors 
and  bosses  at  Killumallai  (Killumalla)  in  the  northern  corner  of  the  bay  of  gneiss 
north  of  the  Ikani-ar  (Icunney-aur)  valley.  The  general  surface  of  the  gneiss 
in  this  bay  and  south  of  it  nearer  Pudukotai  is  much  obscured  by  sandy  semi- 
latcritic  soil.  Gneiss  crops  up  only  here  and  there,  and  mostly  in  detached 
rounded  bosses  or  “  whale  backs,”  as  e.  g.,  by  the  Konanda  Kovil  bosses,  and  the 
extensive  “  whale  backs”  north- wnst  of  Shembatur. 

The  rock  forming  the  Vellongoody  and  Kunamulla  trigonometrical  stations 
lying  a  little  westward  of  the  gneissic  bay  just  referred  to,  and  the  bosses  of  gneiss 
north  of  Kirnur  (close  to  Kolatur)  consist  also  of  micaceous  granite  gneiss 
distinctly  bedded,  especially  in  the  former  case.  There  the  bedding  is  greatly 
crumpled,  and  the  rock  weathers  of  dirty  pinkish  color.  The  Kunamulla  rock  is 
more  compact,  less  micaceous  and  paler  in  color.  It  is  quarried,  and  the  freshly 
broken  rock  is  very  handsome,  banded  with  pale  shades  of  bluish  and  whitish-grey. 

Where  the  gneiss  has  been  directly  overlaid  by  the  conglomerates  and  lateritos 
of  the  younger  series,  it  mostly  shows  a  great  deal  of 
giirhrmLT'iftedtT.”  yellowish-red  (rusty)  ferruginous  staining  and  a  peculiar 
and  characteristic  gxitty  roughness  of  decomposition  of 
the  surface  not  seen  where  the  weathering  action  has  taken  place  on  the  long 
exposed  surface. 

Other  fine  outcrops  of  granite  gneiss  occur  at  Suriur  (Sooriore)  on  the 
boundary  of  the  laterite  about  seven  miles  north  of  Kolatur,  and  to  the  west  of 
the  last  place  to  the  north  and  south  of  Nangupatti  (Naungooputty),  and  at 
Shatanpatti  and  Rapiissel  (Raupoossel).  There  are  also  numerous  fine  examples 
of  granite  gneiss  rocks  to  be  seen  on  cither  side  of  the  Vellar  valley  to  the  west- 
wai‘d  of  Tirkomnm,  e.  p.,  at  Pormanad,  Chittur  (Shittoor),  and  Surramulla. 
West  of  the  latter  village  is  a  siiperb  tor  of  great  height,  a  consj)icuous  object 
from  considerable  distances.  East  of  the  village  several  ridges  of  gneiss  cross 
the  river  and  divide  the  alluvial  basin  into  two  parts.  The  high  ground  south 
of  this  near  Kotur  is  crowned  by  several  prominent  bosses  standing  up  out  of  the 
scrub  jungle. 
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In  the  southern  part  of  onr  area  several  noteworthy  ridges  of  granite  gneiss 
occur,  e.  g.,  at  and  to  the  north-east  of  Kilavaladu  (Keelaladoo),  also  at  Melnr, 
and  last  but  not  least  in  size  or  in  striking  appearance  is  the  ridge  known  as  the 
Anaimallai  (Annamulla)  or  Elephant  hill,  five  miles  north-east  of  Madura.  This 
last  ridge  terminates  at  its  southern  extremity  in  a  very  hold  bluff,  bearing 
when  seen  from  various  points  a  very  fair  resemblance  to  a  huge  elephant,  a 
likeness  which  has  given  it  the  name  it  bears,  and  connected  it  with  the  principal 
mythology  of  Madura  and  the  famous  temj)le  of  Minakshi.  It  is  a  perfectly 
naked  rocky  ridge,  about  two  miles  in  length,  consisting  of  grey  and  pale  pink 
banded  micaceous  granite  gneiss  of  coarse  texture.  The  dip  of  the  bedding  is  not 
distinct;  it  is,  however,  mainly  westerly,  though  the  northern  extremity  looks  as 
if  it  were  the  remains  of  an  anticlinal  fold. 

The  numerous  low  rocky  hills  at  and  around  Trimiem  in  the  southern  part 
of  Pudukotai  State  all  consist  of  coarse,  generally  micaceous,  banded  granite 
gneiss  of  pale  color,  varying  from  pure  grey  to  pinkish  or  brownish-gi’ey.  Tors 
and  great  rounded  blocks  are  numerous. 

Highly  hornblendic  gneiss  is  of  rare  occurrence  in  the  gneissic  area  be¬ 
tween  the  Vaigai  and  the  Cauvery  ;  no  important  beds  of  it  were  noted 
anywhere. 

The  general  strike  of  the  bedding  trends  from  west-south-west  to  cast- 
north-east  on  the  left  bank  of  the  Vaigai  river,  to  noi’th 
and  south,  or  north-by-west  south-by-east,  in  the  neigh¬ 
bourhood  of  Illi2mr  and  near  the  northern  limit  of  our 
area  as  Trichinopoly  is  ai^jjroached. 

A  small  tract  of  country  over  which  the  strike  has  a  totally  different  ten¬ 
dency  occujjies  the  centre  of  our  gneissic  area,  and  extends  from  the  valley  of 
the  Manimut-ar  northward  to  within  a  couple  of  miles  of  the  Pambir  valley  at 
Trimiem.  In  the  southern  part  of  this  tract  the  strike  vai’ies  from  oast-by¬ 
south  west- by-north  to  north. west-by- west  south-east-by-east ;  in  the  central  jJart 
no  well-bedded  rooks  were  mapped,  but  in  the  northern  part  the  strike  changes 
from  east- west  to  east-by-north  west-by-south. 

Only  one  occurrence  of  magnetic  iron  in  the  gneiss  was  met  with  ;  this  was 
about  a  mile  north-east  of  Mallamjsatti  (Mallamputty),  a 
village  in  the  Pudukotai  state  nineteen  miles  north-west-by¬ 
north  of  the  town  of  Pudukotai.  Very  little  of  the  outcro23  is  seen,  but  a  good 
deal  of  debris  of  a  rich  magnetite  bed  is  scattered  about  the  fields  a  little  to 
the  eastward  of  the  Mallampatti  granular  quartzose  gneiss  ridge  above  referred 
to  (page  146). 

III.— The  Upper  Goxdwaxa  Series. 


General  strike  of  the 
gneissic  rocks. 


Magnetic  iron  bed. 


Analogy  with  the  geological  structure  of  the  more  northern  parts  of  the 
Coromandel  coast  would  suggest  as  extremely  jirobable  the  existence  south  of  the 
Cauvery  of  rojoresentativos  of  the  Upper  Gondwana  formation;  and  in  fact  two 
outcrops  of  rocks  referable  on  petrological  grounds  to  that  series  were  discovered 
underlying  the  lateritic  rocks  in  Madura  district  to  the  north-eastward  of  Siva- 
ganga.  The  petrological  resemblance  of  the  shales  which  occur  at  a  small 
village  called  Ammersonpatti  (not  shown  in  the  map)  lying  near  Mudcchomjiatti, 
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ten  miles  nortb-east-by-east  of  Sivaganga,  is  very  great  to  some  of  tbebard  sbales 

,  .  occurring  at  Sripermatur  and  Vamavaram;  but  unfor- 

Ammorscnpatti  shales.  ,  ,  i  . 

tunately  no  organic  remains  could  bo  found,  tbougb 

very  closely  searcbed  for.  Tbe  sbales  are  not  seen  in  situ,  but  only  as  material 
turned  over  from  tbe  bottom  of  a  small  tank  south  of  tbe  village.  A  consider¬ 
able  quantity,  however,  was  exposed  in  tbe  bank  of  tbe  tank  in  clean  condition, 
so  that  tbe  color  and  texture  of  the  rock  could  be  well  studied.  Tbe  prevalent 
colors  are  buff  and  yellow  mottled  wdtb  white.  Some  quantity  was  also  noted 
of  pink  color,  ranging  to  red  with  a  crust  of  white  abo  ut  to  inch  in  thickness 
along  tbe  lines  of  jointing,  which  arc  sharply  cut. 

About  a  mile  south-east  of  this  spot  I  came  upon  a  small  ojiening  in  the 
heavy  scrub  jungle  where  much  debris  of  very  sandy  bard  shale,  almost  a  sand¬ 
stone,  lay  mixed  up  with  lateritic  debi’is  ;  this  shale,  too,  bears  a  strong  I’esem- 
blance  to  many  sandy  sbales  occurring  in  tbe  northern  outcrops  of  tbe  Upper 
Gondwiina  scries.  No  fossils  were  here  observed,  nor  was  tbe  rock  seen 
in  situ,  tbe  surface  at  that  spot  being  a  dead  flat  showing  no  sort  of  section.* 
Tbe  spot  where  the  bard  sandy  shale  was  seen  is  passed  through  by  tbe  cart 
track  leading  south-south-eastward  to  Kalliar  Kovil. 

Tbe  petrological  resemblance  of  these  sbales  to  members  of  Rajmabal  group 
(Upper  Gondwanas)  in  tbe  Triebinopoly,  Madras,  and  Ongole  areas  is  certainly 
far  greater  than  their  resemblance  to  any  member  of  tbe  lateritic  series,  or  of 
the  Cuddalore  sandstone  grouji,  that  I  am  acquainted  with,  but  in  tbe  absence  of 
org-anic  remains,  the  ago  of  tbe  Ammersonpatti  sbales  cannot  be  positively  deter¬ 
mined. 

Very  faint  traces  of  drab  or  buffy  shale  were  noted  in  the  bank  of  a  tank- well 
on  tbe  west  side  of  tbe  road  to  Tripatur,  about  two  miles  north  of  Sivaganga. 
Only  small  chips  of  tbe  shale  were  found  in  tbe  mass  of  kankary  lateritic 
gravel  turned  out,  and  no  traces  of  fossils  could  be  found.^ 

Some  connection  exists  also,  unless  I  am  mistaken,  between  some  remarkable 
boulder  beds,  resting  upon  tbe  sui’facc  of  tbe  gneiss  in 
Bou  del  be  s.  quarter,  and  the  Eajraabal  beds.  These  boulder  bods 

cover  a  very  considerable  surface  on  tbe  higher  ground  north-east  of  Sivaganga, 
and  soutb-w’est  of  Serrnvayal.  Their  limits  were  not  determined  owing  to  the 
great  defects  of  tbe  map  (sheet  80),  and  to  the  difficulty  of  doing  any  mapping 
in  extensive  and  thick  spreads  of  scrub  jungle  in  tbe  absence  of  any  landmarks. 
Tbe  boulder  beds  are  best  seen  along  the  road  leading  from  Natarasbenkottai, 
nortb-nortb-w'estw'ard  to  Kolakattipatti  (Colacuttyputty).  They  appear  to  be 
duo  to  the  action  of  surf  beating  on  shoals  f  for  not  only  do  many  largo  and  w'ell- 
rounded  pebbles  strew  tbe  surface,  but  tbe  surfaces  of  various  protuberances  of 

’  Tliis  spot  was  only  e-ianihiod  cursorily,  as  I  c.nne  upon  it  very  late  in  tbe  day  when  far 
from  camp,  and  had  no  subsequent  opportunity  of  revisiting  it. 

“  The  country  round  Sivaganga  deserves  a  closer  examination  than  I  could  give  it,  as  I  was 
seeking  to  carry  the  bouiuhary  work  southward  as  fast  as  possible.  Bailing  health  and  strength, 
however,  compelled  me  to  seek  a  change  which  prevented  my  revisiting  these  localities  as  I  intended 
doing. 

=*  These  boulder  beds  lie  at  a  higher  level  than  much  of  the  gneissic  area  to  the  westward  f 


them. 
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the  coarse  granular  gneiss  are  worn  and  rounded  in  situ.  Much  coarse  and  fine 
lateritic  debris  rests  on  and  among  the  boulders.  Ho  section  was  seen  showing 
undisturbed  laterite  in  clear  juxtaposition  to  the  boulder  beds,  but  the  latter  bear 
greater  resemblance  to  the  beds  of  similar  character  forming  the  base  of  the 
Kajmahal  formations  near  Utatiir,  Sripermatur,  and  Ongole  than  they  do  to  any 
true  lateritic  conglomerate  that  I  am  acquainted  with. 


IV. — The  Cuddalore  Series. 

The  representatives  of  the  Cuddalore  series  (established  by  Mr.  H.  F.  Blan- 
ford  for  certain  rocks  in  South  Arcot  and  Trichinopoly  districts)  which  occur  iu 
our  limits  consist  of  coarse  conglomerates,  sandstones  and  grits,  the  latter  pass¬ 
ing  locally  into  a  rock  perfectly  undistinguishable  from  the  common  laterite 
which  so  largely  covers  the  surface  in  this  region.  Here  as  in  so  many  other 
parts  of  the  Coromandel  coast,  the  slight  slope  of  the  country  and  the  veiy  low 
dip  of  the  rocks  have  prevented  the  formation  of  really  valuable  natural  sections, 
and  civilization  has  not  yet  advanced  sufficiently  to  have  given  rise  to  any  ai'tifi- 
cial  ones  of  importance.  The  extension  of  wet  cultivation  greatly  militates 
against  the  formation  of  deep  channels  by  the  different  smaller  streams  draining 
the  country.  All  are  dammed  back  at  many  points  of  their  courses,  and 
give  rise  to  the  formation  of  local  alluvial  flats  which  only  add  to  the  obscura¬ 
tion  of  the  younger  rocks,  whose  relations  are  therefore  generally  very  unsatis¬ 
factorily  and  imperfectly  displayed,  so  that  definite  information  regarding  many 
interesting  sti’atigraphical  points  is  at  present  not  procurable.  The  total  absence, 
so  far,  of  organic  remains  renders  the  correlation  of  detached  exposui’os  of  even 
similar  rocks  of  great  and  inevitable  uncertainty.  These  difficulties  present 
themselves  saliently  in  the  Tanjore,  Pudukotai,  and  Madura  districts. 

The  most  northerly  section  in  which  rocks,  assumedly  of  Cuddalore  age,  are  to 
be  seen,  occurs  to  the  south-east  of  the  village  of  Tbachen- 
kurichi  (Thachencoorchy),  some  six  miles  north  of  Gan- 
darakotai  (Gundaracottah)  in  Tanjore  district.  A  fair 
show  of  grits  and  sandstones  is  here  to  be  seen  along  the  sides  of  a  small  winding 
stream.  The  sandstones  occur  in  irregular  somewhat  lenticular  patches  of  dark 
brown  color  and  considerable  hardness.  They  are  overlaid  by  gHtty  sandstones 
mottled  pale  puiqde,  yellow  and  rusty  red.  The  upper  beds  of  these  are  very 
clayey  and  lateritic  in  character.  To  the  south-east  of  this  section  lie  two  small 
low  hills,  both  capped  with  thick  conglomeratic  laterite,  but  no  evidence  could  be 
found  as  to  what  underlies  this  capping,  the  sides  of  the  hills  being  thickly 
covered  with  debris  and  thorny  jungle.  The  sandstone  beds  in  the  stream  banks 
and  bed  roll  about  in  various  directions.  West  of  the  village  is  a  broad  low 
ridge  of  iU-compacted  gritty  shingle  conglomerate,  which  clips  eastward  under 
gi’i tty  laterite  close  to  the  high  road  to  Pattukotai.  Simi- 
neM  conglomerate  occurs  resting  on  the  gneiss  on  the  high 

ground  north-east  of  Pudukotai  near  Kumnpatti  (Coomoo- 
putty),  and  further  west  near  Yeddiapatti. 

Along  the  southern  brow  of  the  same  high  ground  overlooking  the  town  of 
Pudukotai  is  a  line  of  low'  cliffs,  12  to  1C  feet  high,  show'ing  conglomerate  of 
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quai’tz  and  gneiss  pebbles  in  a  gritty,  often  senii-lateritio,  matrix  of  reddish  purple, 
color,  and  containing  here  and  there  small  nests  of  clay.  This  conglomerate, 
which  is  not  very  hard,  rests  on  the  very  irregular  surface  of  the  banded  (slightly 
hornblendic)  granite  gneiss,  to  -wliich  it  has  imparted  a  strong  yellow  stain. 

Among  the  more  southerly  conglomerate  beds  are  those  met  with  in  the 
Shenkarai  ridge,  about  eight  miles  south-by-east  of  Pudu- 
glomer^e™  ^otai.  They  are  displayed  on  the  western  slope  opposite 

Shenkarai  village  by  an  extensive  series  of  rain  gullies 
which  expose  a  considerable  surface  of  the  gritty  conglomerate ;  but  unfortu¬ 
nately  do  not  cut  deeply  into  it.  Its  base  is  not  seen,  but  it  probably  rests  directly 
on  the  gneiss  which  shows  in  Shenkarai  tank.  The  bedding  is  seen  to  dip  east- 
north-east  or  east-by-north  at  angles  of  from  12°  to  15°.  False  bedding  prevails, 
birt  only  to  a  small  extent,  for  so  coarse  a  rock.  The  conglomerate  is  of  mottled 
brown  to  pinkish  and  whitish,  less  frequently  reddish-yellow  color,  and  tolerably 
compact  with  a  gritty  matrix,  including  quartz  and  gneiss  shingle,  from  the  size 
of  a  eocoanut  downward,  in  moderate  quantity.  The  eastern  slope  of  the  ridge  * 
is  overlaid  by  the  most  massive  and  continuous  (sheet-like)  bed  of  lateritic  con¬ 
glomerate  that  I  have  seen  on  the  Coromandel  coast ;  it  covers  a  considerable 
space  between  Arimullum  (Aurmoolum)  and  Malalapatti,  and  is  itself  lost  sight 
of  to  the  east  under  lateritic  sands  and  the  alluvium  of  the  VelMr. 

Further  eastward,  away  from  the  boundary,  the  conglomeratic  character  of 
these  Cuddalore  beds  diminishes  rapidly,  and  very  few  sections  are  to  be  found 
that  penetrate  the  surface  laterite.  Where  the  sub-rock  is  reached,  it  is  seen  to 
be  a  grit  or  sandstone. 

A  second  section  of  the  Cuddalore  beds  forming  the  Shenkarai  ridge  was 
„  found  in  the  scrub  jungle  about  two  miles  further  sou th- 

Section  near  Ayangndi.  j.  j  i  x  -i  ^  _ 

west  and  about  a  mile  south-east  of  Ayangudi.  The  beds 
here  seen  are  unlike  the  Shenkarai  beds,  they  are  conglomerates  of  very  coarse 
texture  and  rather  friable.  The  matrix,  which  varies  from  light  red  to  brown 
red  in  color,  is  semi-lateritic  and  vermicularly  cellular  to  some  extent.  The  en¬ 
closed  shingle  is  mostly  large  and  well  rounded ;  it  is  chiefly  quartzose  and  all 
apparently  of  gneissio  origin.  The  lowest  bed  seen  is  mottled  and  more  gritty 
in  texture  with  fewer  enclosed  pebbles.  The  dip  is  southerly  at  low  angles. 
Here  as  at  Shenkarai  the  section  penetrates  but  a  few  feet  vertically. 

A  section  in  which  gritty  sandstones  are  seen  peeping  out  below  the  surface 
„  laterite  occurs  close  to  Ammagudi  (Aumagoodev')  on  the 

Section  at  Ammagndi.  , 

left  side  of  the  vellar  valley,  some  four  miles  north-west, 
of  Arrantangy.  Brown  and  purple  sandstones  occur  here  of  sufiicient  hardness 
locally  to  be  quarried  into  coarse  flags.  They  are  exposed  in  the  gentle  scarp 
below  the  laterite. 

The  last  outcrop  but  one  of  Cuddalore  rocks  to  be  mentioned  occurs  to  the 
south-east  of  Sivaganga,  about  a  mile  and  a  half  from  the 
town.  Here  several  beds  of  hard  thick-bedded  grit  crop 


Section  at  Sivaganga. 


’  The  geographical  features  of  this  ridge  are  very  inaccurately  shown  in  sheet  80,  where  it  ap¬ 
pears  of  considerable  height  instead  of  as  a  mere  low  rise  scarped  only  for  a  short  distance  at  its 
northern  extremity.  Extensive  scrub  jungle  covers  the  greater  part  of  its  surface  thickly. 
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out  from  below  the  general  lateritic  covering  of  the  country.  In  color  the  rock  is 
dark  purplish-grey  with  brown  bandings,  and  so  hard  as  to  be  worked  by  blasting 
The  beds  have  a  north-easterly  dip  of  about  20°.  Much  diagonal  or  “  false  ” 
bedding  is  seen  in  the  fresh  broken  specimens  of  the  rock,  which  is  overlaid  con¬ 
formably  to  the  eastward  by  less  compact  dark-brown  and  yellow-brown  grits. 
The  hard  grits  are  largely  quarried  as  building  stones.  Unfortunately  no 
laterite  is  seen  in  juxtaposition  with  the  grits,  so  the  local  stratigraphical  rela¬ 
tions  of  the  two  rocks  cannot  be  studied. 

The  best  section  of  Cuddalore  grits  of  the  softer  variety  occurs  about  eleven 
miles  north-east  fi’om  Pudukotai,  a  little  west  of  the  high 
Section  at  Perungalur.  Tanjore.  Here  the  small  stream  which  feeds  the 

Perungalur  tank,  in  descending  fi'om  the  high  ground  to  the  north,  cuts  through 
the  upper  laterite  beds,  and  exposes  beds  of  typical  grits  in  many  gullies,  forming 
so  many  miniature  canons  of  very  perfect  shape  with  nearly  vertical  sides,  from 
12  to  18  feet  deep  and  only  2  or  3  feet  apart  at  the  bottom.  The  grit  beds  show  a 
rude  but  distinctly  columnar  jointing  strongly  resembling  starchy  cleavage  on 
a  huge  scale. 

The  section  here  displayed  shows  the  following  sequence  of  beds  in  descending 
order : — 

4.  Black  laterite  conglomerate,  on  gravel. 

3.  Bed-brown  vermicularly  porous  conglomerate,  passing  down  into 

2.  Brown  conglomerate  with  many  pebbles  of  quartz -grit  and  older  laterite. 

1.  Grits,  pale  mottled,  generally  showing  columnar  jointing  with  vermicular  tubes  and 
scattered  galls  of  fine  clay. 

In  this  section  distinct  unconformity  is  seen  to  exist  between  Nos.  1  and  2. 
No  signs  of  organic  remains  could  be  traced  after  very  careful  search. 

A  small  show  of  rather  soft  giit  of  red  and  brownish  mottled  color  appears 
between  the  boundary  of  the  gneiss  and  the  overlying  laterite  between  Surian- 
patti  (Pothanavial  of  the  Atlas  map)  and  Parembur  in  the  south-western  corner 
of  the  Tanjore  patch. 

Mottled  grits  which  on  petrological  grounds  are  considered  as  of  Cuddalore 
age  are  exposed,  in  sections  of  wells  and  deep  tanks,  under  the  laterite  conglome¬ 
rate  at  Palatur  (Pullatoor)  and  Shuragudi  (Shooragoody)  in  the  Shahkotai 
patch  of  the  lateritic  formations  (see  page  153). 

The  boulder  beds  described  above  (page  1 48)  as  occurring  to  the  north-east  of 
Sivaganga  may  possibly  be  of  Cuddalore  age,  or  tertiary, 
Age  of  boulder  beds.  instead  of  Eajmahal  age,  or  secondary,  as  there  is  no 
positive  evidence  either  from  the  presence  of  organic  remains  or  speciality  of 
stratigraphical  position,  but  in  their  facies  they  are  decidedly  much  more  akin  to 
the  older  series. 


V. — The  Lateritic  Group. 

The  Cuddalore  series  is  overlaid  by  the  several  members  of  the  lateritic 
series,  which  vary  from  hard  typical  conglomerates  through  gritty  beds  to  gravels 
and  finally  to  reddish  sands  with  variable  quantities  of  gravelly  pisolitic  hsematite 
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concretions.  Tlie  sandy  beds  occupy  the  lower  slopes  near  the  delta  or  the  band 
of  marine  alluvium  bordering  the  coast,  while  the  conglomeratic  beds  occupy 
the  higher  grounds  to  the  west  and  often  overlajj  widely  on  to  the  gneiss. 

The  various  rivers  which  convey  the  drainage  of  the  country  to  the  sea 
Sub-divlsiou  of  lute-  divide  the  lateritic  region  into  a  number  of  minor  areas  or 
iitic  aiea.  patches  amounting  in  all  to  nine.  Their  sizes  are  very 

unequal  as  might  be  expected,  ranging  as  they  do  from  several  hundred  square 
miles  to  only  a  few  dozen  or  so  in  extension.  Taking  them  from  north-east  to 
south-west  the  first  is  the  Tanpre  igatch,  so  called  from  the  fact  of  its  being  the 
southward  continuation  of  the  great  patch,  on  the  northern  edge  of  which  stands 
the  famous  old  town  of  Tanjoro,  five  miles  beyond  the  northern  limit  of  the  map. 
This  is  followed  southward  of  the  Ikani-ar  by  the  Fudulcotai  patch,  which  is 
divided  by  the  Vellar  from  the  Shenkarai  patch.  South  of  the  Pamb-ar  lies 
another  patch  of  laterite  which  I  will  designate  as  the  Skdlihotai  (Shawcotta) 
•patch.  South  of  the  Manimut-Sr  is  a  small  patch  which  may  conveniently  be 
called  the  Sei-rwcayal  patch.  The  most  southerly  spread  of  lateritic  rocks  to  be 
described  lies  around  Sivaganga  and  should  be  named  accordingly  the  Sivaganga 
pjatch.  Two  of  the  remaining  patches  to  be  considered  lie  to  the  westward  of  the 
general  run  of  the  patches  close  to  the  town  of  Tripatur,  after  which  they  may  be 
siTitably  called  the  north  a,ndi  south  Tripatur  patches.  The  ninth  and  la, st  patch 
lies  at  the  westei’n  extremity  of  the  Tanjore  patch  on  the  border  of  the  countiy 
included  in  sheet  79 ;  it  may  for  convenience  be  called  the  Nallur  patch.  A 
great  number  of  little  patches  too  minute  to  be  mapped  are  dotted  over  the 
gneiss  area  at  various  distances  from  the  present  laterite  boundaiy,  showing  that 
its  former  westward  extension  was  considerably  greater  than  it  is  at  present, 
and  that  great  2Jart  of  the  original  deposits  has  been  removed  by  denudation. 
Some  of  the  smaller  of  the  far  outlying  patches  have  undergone  so  much  change 
from  weathering  and  reconsolidation  that  they  might  almost  be  reckoned  as 
subaerial  formations. 


The  most  remarkable  spreads  of  conglomeratic  laterite  are  to  be  seen  along 
Tanjore  patch  western  boundary  of  the  areas  in  nearly  every  case, 

but  only  a  few  of  them  need  be  specially  mentioned.  To 
begin  with  the  Tanjore  patch.  Vast  sheets  of  laterite  conglomerate  are  to  bo 
seen  to  the  west  and  south  of  Gandarakotai.  A  little  to  the  north  of  Suriam- 
j)atti*  esjiecially  the  bare  black  sheets  of  rock  arranged  in  terraces  with  low  steps 
give  the  country  a  strange  ajjpearance.  Where  the  conglomerate  is  covered  with 
soil  the  latter  is  generally  a  very  hard  compact  sandy  clay  of  red  or  yellow  (bath- 


brick)  color  much  marked  by  sun-cracks,  which  run  in  very  regular  systems 
and  give  the  soil  a  tesselated  appearance  on  a  largo  scale.  In  the  presence  of 
v\  ater  these  lateritic  soils  are  fertile,  but  the  high  dry  downs  they  are  oftenest 
seen  ujion  are  generally  waste,  and  bear  but  little  else  than  a  very  low  scrub  of 
Dodonma  viscosa  mixed  with  a  few  dwarf  Mimosa. 


This  low  Dodonaa  scrub  is  quite  a  feature  of  the  hard  lateritic  soil  ti-acts, 
and  many  instances  of  it  might  bo  adduced.  The  yellow  soil  especially  assumes 


’  Pothaiiavial  of  Atlas  map. 
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Pudukotai  patch. 


Shonkarai  patch. 


Shahkotai  patch. 


not  unfrequently  very  mucli  the  appearance  of  a  gritty  sandstone  without, 
however,  actually  possessing  sufficient  cohesion  to  deserve  the  name  of  rock, 
though  in  some  cases  it  very  nearly  merits  being  so  called.  A  good  example 
of  this  may  be  seen  at  Nadduveykotai,  four  miles  west  of  Pattukotai  (Puttu- 
cottah) . 

Passing  over  to  the  Pudukotai  patch  striking  spreads  of  hard  typical  con¬ 
glomerate  are  to  bo  seen  in  many  places  near  the  western 
boundary  and  even  at  some  miles  distance  from  it,  e.  g„ 
at  TJrriur  in  the  extreme  north-west  corner  of  the  patch,  also  nearly  all  along 
the  left  side  of  the  VoIIot  alluvium  valley  close  down  to  Arrantangy,  and  to  tho 
north  and  north-west  of  Alangudi  (Aulangoody). 

The  Shenkarai  patch  contains,  as  already  mentioned  above  (p.  150),  an  exten¬ 
sive  and  massive  development  of  .  conglomerate  in  the 
eastern  slope  of  the  Shenkarai  ridge  and  the  plain  east  of 
it.  This  great  development  of  conglomerate  is  continued  under  the  alluvium  of 
the  Pambi-ar  and  re-appears  in  the  Shahkotai  j)atch  and 
is  specially  well  seen  at  Kilanellikotai  (Keelnellicottah), 
where  the  walls  of  the  extensive  old  poligar  fort  are  built  of  the  massive  laterite 
quarried  close  by.  The  conglomerate  is  also  admirably  seen  on  the  bluff  east  of 
Neddengoody,  which  may  be  regarded  as  the  continuation  of  the  Shenkarai  ridge 
south-westward.  From  this  bluff  which  is  crowned  by  a  picturesque  temple 
called  the  Padiktisa  Ifadar  Kovil,  the  ridge  declines  and  is  lost  to  the  south¬ 
west  in  a  high-lying  plain  of  massive  laterite  extending  without  a  break  to  Pala- 
toor  (Pullatoor).  The  high  ground  between  Shuragpidi  (Shooragoody)  and 
Karagudi  (Caurgoody)  is  also  covered  by  a  vast  sheet  of  laterite  conglomerate, 
as  are  also  the  high  ground  to  the  west  and  south-west  of  Kdragudi  near  Yalen- 
gudi  and  Kutalur  (Coothaloor).  The  conglomerate  is  mostly  very  richly  ferru¬ 
ginous  for  a  laterite,  and  there  are  abundant  traces  of  a  once  existing  active  iron 
smelting  industry.  Large  quantities  of  iron  slag  have  been  scattered  about  in 
many  places  where  now  no  iron  is  made. 

In  the  Serruvayal  patch  of  lateritic  rocks  highly  ferruginous  conglomerate 
covers  a  large  space  between  Serruvayal  and  Kalel  (Cullel), 
also  near  Paganeri  (Pauganary). 

In  the  Sivaganga  patch  spreads  of  conglomerate  of  considerable  extent  are 
frequently  met  with,  e.  g.,  to  the  north-west  of  the  town, 
Siva5,anga  patch.  around  Katarashenkotai,  to  the  north-west  of 

Kalliar  Kovil,  and  in  the  northern  coimer  of  the  patch  near  Wukur  and  Tiruven- 
patti  (Tirroovenputty). 

In  the  two  patches  noidh  and  south  of  Tripatur  the  dense  and  highly  ferru¬ 
ginous  form  of  the  laterite  conglomerate  is  less  developed, 
and  a  coarse  less  ferruginous  and  less  compact  form, 
including  very  large  quantities  of  gneissic  shingle,  prevails. 

The  Nallur  (Kulloor)  patch  like  the  westernmost  part  of  the  Tanjore  patch 
consists  of  a  more  gritty  and  rather  less  compact  form 
than  jwevails  over  the  spi’oads  above  enumerated.  The 


Serruvayal  patch. 


Tripatur  patches. 


Nallur  patch. 


rock  is  perhaps  equally  ferruginous,  but  owing  to  its  gritty  character  shows  a 
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rougher  duller  surface  with  many  fewer  vermicular  cavities.  The  larger  enclosed 
fragments  of  older  rocks,  which  consist  almost  entirely  of  gneissic  quartz,  are 
mostly  suhangular  or  angular,  giving  the  rock  a  breccia-like  appearance.  Well- 
rounded  pebbles  do,  however,  also  occur.  A  conspicuous  example  of  such  a 
breccia-conglomerate  is  that  occurring  to  the  west  of  Payakudi  in  the  north¬ 
western  corner  of  the  Tanjore  patch. 

The  outlying  patches  of  laterite  conglomerate  I’esting  on  the  gneiss  in  the 
northern  part  of  our  area  agree  generally  in  character  with  the  gritty  variety 
just  described,  but  those  in  the  south-westerly  part  are  of  the  more  typical 
form  with  many  vermicular  cavities  in  the  more  clayey  mass.  The  southern 
patches  when  very  conglomeratic  contain  chiefly  well-rounded  water- worn  pebbles, 
and  approach  in  coarseness  to  some  of  the  typical  conglomerates  of  median 
texture  in  the  Madras  region,  in  which  stone  implements  occur.  Whether  stone 
implements  occur  in  this  southern  laterite  is  a  question  to  which  a  positive 
answer  cannot  yet  be  given,  no  unquestionable  examples  having  as  yet  been 
found.  I  did,  however,  find  occasional  specimens  of  coarse  quartzose  stone 
which  bore  a  resemblance  in  shape  to  various  forms  of  chipped  implements 
common  in  the  more  northerly  gravels  and  conglomerates,  but  the  material  is  so 
coarse  that  the  chipping  could  not  be  considered  as  positively  artificial.  The 
most  undoubtedly  artificial  specimen  was  a  broad  axe-head  found  about  a  mile 
north-north-west  of  Shuragudi  in  the  Shahkotai  patch.  Occasional  fragments 
of  chert  derived  from  unknown  sources  occur  scattered  spai’sely  over  the  surface 
of  the  lateritic  conglomerates.  Throe  specimens  of  this  chert  appear  to  be  of 
artificial  shape,  one  is  a  flake  of  small  size  resembling  an  arrow-head,  the  second 
a  small  prismatic  core,  the  third  a  thick  oblong  sharp-edged  flake  with  a  distinctly 
serrated  edge  to  one  of  its  longer  sides. 

Several  large  leaf-shaped  flakes,  almost  deserving  to  be  called  implements, 
were  found  by  me  between  Vellam  and  Tanjore,  only  a  little  distance  north  of 
the  line  forming  the  northern  limits  of  sheet  80.  Two  of  these  were  adherent 
to  the  surface  of  the  conglomerate  and  appeared  to  be  genuine  exposures  in  situ. 
They  had  to  be  hammered  out  of  the  rock. 

These  large  flakes  appear  to  be  made  of  a  chert  identical  with  that  forming 
the  great  fossiliferous  blocks  lying  in  the  mottled  grits  occurring  to  the  east  of 
the  old  fort  ditch  at  Vellam.  ^  The  small  implements  above  mentioned  are  made 
of  a  much  more  jaspery-looking  variety  of  chert. 

I  cannot  help  thinking  that  closer  search  of  the  shingly  lateritic  beds  such 
as  that  at  Tallakolum  (Tullahcolum),  north  of  Madura,  and  those  occupying  so 
large  a  part  of  the  two  Tripatur  patches,  would  lead  to  the  finding  of  unques¬ 
tionably  recognizable  specimens  of  chipped  implements. 

Of  the  very  numerous  spreads  of  lateritic  gravelly  sands  which  occupy  the 
eastern  part  of  the  lateritic  area,  the  most  remarkable  is  that  cut  through  by 
the  P.4mani  river  at  and  to  the  south  of  Manargudi  in  Tanjore  district,  which 
also  extends  close  down  to  the  sea-coast  at  Adrampatam. 

’  See  Mem.  G.  S.  I.,  IV,  p.  36.  A  fresh  collection  of  fossils  from  these  chert  rocks  was  made 
in  1878  to  supply,  as  far  as  possible,  the  place  of  the  collection  lost  on  its  way  to  Calcutta  by  the 
wreck  of  the  Aurora  in  1860. 
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The  section  of  these  sands  in  the  bank  of  the  Pamani-ar  at  Kara-ka-kad 
(not  in  the  map),  a  little  village  about  a  mile  north-east  of  Painganad  (Pynga- 
Kara-ka-kad  section.  naud) ,  shows  the  following  succession  of  beds  : — 


Local  alluvium 

Gritty  sands  ... 

Ferruginous  gravel  with  quartz  fragments 


2' 

4’  (exposed). 


The  gravel  is  formed  by  accretion  of  quartz  grains  (sand)  with  a  brown 
hEematitic  cement  into  rudely  rounded  lumps  generally 

Character  of  the  ferru-  gjze  gf  g,  hazelnut.  These  lumps  are  here,  and 

gmous  gravel.  _  .  y  ’ 

generally  in  the  eastern  part  of  the  lateritic  area,  unglazed 

and  dull  in  appearance  ;  further  west,  however,  the  lateritic  gravel  is  generally 

glazed  and  externally  smooth  even  when  fracture  shows  the  interior  to  be  gritty. 

The  shiny  glazed  form  is  also  seen  in  the  lateritic  sands  of  this  part  of  the 

country,  and  a  half  glazed  form  is  not  uncommon. 

Where  bare  or  but  thinly  covered  with  vegetation,  the  surface  of  the  bands 
is  often  covered  by  thin  sheets  of  this  ferruginous  gravel,  from  which  the  sandy 
and  clayey  portions  of  the  original  bed  have  been  removed  by  fluvial  action. 
Where  the  thickness  of  the  gravel  beds  has  become  considerable,  subaereal  con¬ 
solidation  not  unfrequently  sets  up,  specially  where  the  glazed  form  of  the 
gravel  occurs. 

In  the  northernmost  part  of  the  Tanjore  area  within  sheet  80,  in  the  tract 
lying  along  the  high  road  from  Tanjore  to  Adrampatam, 
saiSs^Sfo  grit  *®*^*‘*'‘^  the  lateritic  sands  are  seen  to  pass  do^vn  into  typical  soft 
grits  of  pale  color  containing  but  little  ferruginous 
matter.  These  grits  may  be  seen  at  the  villages  of  Kovilur  (Coviloor),  Karkan- 
kotai  (Curkancottah),  and  Ulur  (Woolnoor).  The  sections,  which  are  only  in 
the  sides  of  wells,  are  neither  deep  nor  clear  enough  to  show  the  relations  of  this 
pale  grit  with  the  undoubted  Cuddalore  beds. 

The  whole  of  the  eastern  part  of  the  lateritic  area  is  not  everywhere  covered 
by  sandy  beds  :  some  considerable  tracts,  e.cj.,  around  Pattu- 
kotai  (Puttucottah)  are  occupied  by  rather  hard  red  loam 
containing  variable  and  sometimes  considerable  quantities  of  lateritic  gravel  of 
the  non-gritty  glazed  variety.  This  hard  red  loam  gi-aduates  into  the  sandy 
form  imperceptibly.  It  is  generally  confined  to  the  higher  grounds. 

The  bottoms  of  the  shallow  valleys  which  drain  the  area  occupied  by  the  softer 
members  of  the  lateritic  series  are  frequently  occupied  by  swampy  ground  or  by 
small  quicksand.s,  very  unpleasant  to  a  guideless  rider,  and  the  higher  parts  are 
not  unfrequently  very  sandy. 

The  flora  of  the  lateritic  area  differs  in  the  eastern  parts  considerably  from  that 
of  the  gneissic  region  and  of  the  high-lying  area  covered 
with  hard  conglomerate  or  quasi-baked  clayey  soils. 
The  sandy  eastern  parts  support  very  extensive  plantations  of  cashew-nut  trees 
(^Anacardium  oecidentale) ,  with  very  frequent  clumps  of  bamboo  and  pandanus. 
Calophyllum  inophyllum  occurs  also  more  frequently  here  than  in  any  other  parts 
of  Coromandel  coast  that  I  am  acquainted  with.  The  jack  tree  {Artoearp^is 


Loamy  beds. 


Flora  of  lateritic  region. 
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7iitigrifoli'u/ni)  is  also  cultivated  to  a  very  great  extent  all  over  the  laterit'  j  area, 
but  some  of  these  trees  are  common  on  the  gneissic  area. 

Of  minute  plants  one  of  the  most  characteristic,  which  occurs  in  immense 
numbers  in  low  Ijdng  damp  sandy  flats,  is  a  small  Drosera  or  sundew,  though 
elsewhere  a  very  rare  plant  in  the  low  country.  A  zoological  peculiarity  of  the 
lateritic  sandy  region  is  the  great  frequency  of  a  large  SpongiUa,  or  freshwater 
sponge,  in  many  of  the  shallow  rain-fed  irrigation  tanks,  hlowhere  else  have 
I  noticed  this  sponge  to  be  common  or  to  attain  to  anything  like  the  size  it  does 
in  this  quarter. 

Alluvial  Formations. — The  alluvial  deposits  coming  within  the  scope  of  this 
l^aper  are  of  small  extent,  as  only  a  small  section  of  the  south-western  corner  of 
the  Cauvery  delta  was  examined,  and  the  alluvia  of  the  various  small  rivers 
traversing  our  area  are  very  limited. 

The  western  part  of  the  Cauvery  alluvium  is  formed  of  a  black  clay,  appa¬ 
rently  a  true  regur,  becoming  gradually  sandy  as  the  sea  is  approached.  Ko 
section  penetrating  through  this  black  clay  was  seen  mthin  the  limits  of  sheet  80, 
but  a  fresh  excavation  for  the  foundations  of  a  new  sluice  branching  off  from  the 
Pamani-4r  just  within  the  area  of  sheet  f’9,  on  the  road  from  Manargudi  to 
Neddamangalam  railway  station,  revealed  a  bed  of  very  stiff  blue  clay  full  of 
small  kankar  (gravelly  tufa) . 

The  alhivia  of  the  smaller  livers  is  generally  a  whitish  mixture  of  sandy 
clay  with  lateritic  pellets  and  small  debris  of  quartz  and  gneiss.  The  flats  are 
often  slightly  swampy,  or  barren,  and  unproductive  from  the  saline  matters 
enclosed.  An  exception  to  the  whitish  alluvium  is  offered  by  the  alluvium  of 
the  Manimut-ar  below  Tripatui’,  where  low  cliffs  of  reddish  loam  form  the  river 
banks  for  a  couple  of  miles  or  more  above  Neddarakotai.  The  alluvium  of  the 
Vaigai  appears  to  be  generally  sandy,  but  no  sections  were  seen,  and  from  cen¬ 
turies  of  wet  cultivation  the  whole  surface  must  be  looked  upon  as  really 
“  made  ground.” 

The  coast  alluvium  near  Adrampatam  is  generally  clayey  near  the  surface 
and  edged  with  a  narrow  strip  of  ill-defined  sandhills.  No  sections  of  the  coast 
alluvium  were  seen. 

Soils. — The  soils  depend  almost  everywhere  on  the  underlying  rocks  for  their 
character.  Eed  and  reddish  sandy  soils  abound.  Black  soil  is  not  at  all  com¬ 
mon.  It  occurs  largely  only  over  the  western  side  of  the  Cauvery  delta,  and 
under  a  few  important  irrigation  tanks  where  it  must  be  regarded  as  of  artificial 
origin.  Whitish  clayey  soil  very  similar  to  the  pale  alluvia  of  the  large  streams 
is  met  with  in  many  valleys  of  the  eastern  lateritic  areas,  and,  as  above  men¬ 
tioned,  often  forms  small  treacherous  quicksands  most  disagreeable  to  the  rider. 

Where  the  conglomeratic  laterite  occurs  two  forms  of  sod.  prevail,  both  of 
them  hard  clayey  sands,  the  one  of  bright  red,  the  other  of  pale  yellow  (bath- 
brick)  colors — often  approaching  in  texture  to  true  sandstones.  Many  large 
spreads  of  these  occur  covered  with  low  scrub  of  Boclonma  viscosa  and  a  few 
dwarf  mimosEe  and  other  thorny  bushes,  e.  g.,  on  the  high  ground  to  the  south 
of  Gandarakotai  in  the  Tanjore  patch,  and  again  on  the  high  ground  north¬ 
east-by-east  of  Alangudi  in  the  Pudukotai  patch.  The  surface  of  the  soils  is 
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often  f^ovei'ed  with  light  wreaths  of  grit  and  sand  collected  by  the  prevailing 
winds. 

The  red  soil  is  the  more  common  form,  hut  both  it  and  the  yellow  variety 
show  frequently  on  the  hardest  parts  of  the  surface  a  semi-metallic-looking 
blush  of  bluish-black  color. 

Over  the  lateritic  bands  the  soil  is  generally  a  nearly  pure,  less  frequently 
somewhat  clayey,  sand. 

Real  blown  sands  were  very  rarely  noted  within  the  limits  of  sheet  80  as  far 
as  the  survey  extended  ;  those  in  the  little  strip  of  coast  examined  in  the  Adram- 
patam  corner  of  Palk’s  bay  are  hardly  -worth  noticing,  and  the  same  may  bo 
said  of  a  few  low  hillocks  on  the  hank  of  the  V aigai  river  near  Tirupavanam 
(Tripj)awanum).  The  most  notable  accumulation  of  sand  raised  by  wind  was 
seen  between  Vadakur  (Vuddacoor)  and  Pinneyur,  thi’ee  and  half  miles  south¬ 
west  of  Ortendd  Chattram  (Mootooaumaulpooram  of  the  Atlas  map).  The 
hillocks  here  are  of  very  small  extent,  but  rise  from  15  to  16  feet  in  height ; 
they  are  limited  to  a  very  small  superficial  area. 

Economic  Geology. — Pew  districts  even  in  the  poor  region  of  Southern  India 
are  so  extremely  destitute  of  valuable  minerals  as  the  country  dealt  with  in  those 
pages.  Building-stones,  road-metal,  and  kankar  for  lime-burning  are  at  present 
about  all  the  material  collected  for  economic  purposes,  with  the  exception  of  a 
little  impure  salt  and  saltpetre. 

Iron  used  to  be  smelted  in  some  quantity  from  ores  obtained  from  the 
lateritic  conglomerate  beds  as  testified  by  the  quantities  of  iron  slag  scattered 
over  the  country  and  here  and  there  accumulated  in  largo  heaps.  Of  late,  how¬ 
ever,  this  industry  seems  to  have  died  out  entirely,  for  I  could  not  hear  of  its 
being  now  followed  anywhere,  nor  did  I  come  across  any  villages  in  which  smelt¬ 
ing  furnaces  were  still  in  operation. 

The  compact  richly  ferruginous  laterite  conglomerate  furnishes  endless  mate¬ 
rial  for  rough  building  purposes,  and  is  even  carefully  cut  and  dressed  foi-  better 
class  buildings  now  put  up  at  various  places  by  the  rich  Natukotai  Chetties,  a 
caste  of  rich  traders  and  soucai-s  who  are  buying  up  much  land  in  many  villages 
on  the  lateritic  area  and  building  palatial  houses  in  every  direction,  besides  tanks 
and  temples.  Many  old  buildings  of  importance  have  been  built  of  this  stone, 
e.  g.,  the  great  fort  at  Kilanelikotai  and  the  fort  at  Arrantangy.  The  laterite 
of  the  Shenkarai  patch  and  the  northeim  part  of  the  Shahkotai  patch  yields  the 
largest  and  apxjarently  the  most  reliable  and  homogeneous  blocks  I  have  seen 
quarried  anyv^here  between  Cape  Comorin  and  the  Kistna  I’iver. 

Of  gneissic  rocks  the  Puliarputti  banded  gneiss  is  the  most  largely  used.  The 
great  quarries  four  miles  east  of  Tripatur  are  largely  worked  for  blocks  of  all 
sizes,  up  to  nearly  30  feet  in  length.  The  stone  is  in  great  demand  because  of 
its  beauty  and  moderate  price  owing  to  its  being  easily  quarriable.  Large 
pillars  about  12'  by  3'  by  1'  6"  roughly  dressed  for  the  gates  of  pagodas  or  man- 
tapams  cost  only  Rs.  30  on  the  spot. 

Very  handsome  granite  gneiss  is  quarried  at  Tirkonum,  west  of  Pudukotai, 
and  at  Kunamulla  trigonometrical  station  hill,  fourteen  miles  to  the  north. 
The  gi’anite  gneiss  at  Virallimallai,  twenty  miles  south-west  of  Trichinopoly 
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on  the  Madura  road,  could  yield  stone  of  very  great  beauty  if  required  (p.  146). 
Less  handsome,  hut  very  useful  stone  is  quarried  from  the  granite  gneiss  rocks 
occurring  at  Trimiem  in  Pirdukotai  State,  and  at  foot  of  the  Anaimallai  near 
Madura  (p.  147). 

My  stay  at  Madura  was  too  limited  to  allow  of  any  enquiry  into  the  question 
of  the  localities  which  yielded  the  splendid  black  hoimblendic  rock  forming  the 
noble  pillars  to  be  seen  in  Trimal  Naik’s  palace,  one  of  the  most  remarkable 
buildings  in  India.  The  quarries  which  yielded  this  stone  and  the  hornblendic 
rock  carved  into  the  many  bold  striking  figures  and  statires  in  and  about  the 
great  Madura  pagoda  were  not  among  those  seen  by  mo,  and  doubtless  lie  beyond 
the  limits  of  the  gneissic  area  surveyed. 

Some  of  the  finest  and  boldest  carvings,  both  of  statues  and  scroll  work  that 
can  bo  met  with  in  Southern  India,  are  to  be  seen  at  the  Avadiar  Kovil,  or  temple, 
in  the  southernmost  corner  of  Tanjore  distidct.  The  great  mantapam  in  front  of 
the  temjrle  gate  is  an  architectural  work  of  groat  beauty  and  noble  proportions, 
far  better  worth  photographic  illustration  than  many  other  buildings  that  have 
been  made  known  to  the  public.  Unfortunately  it  is  so  much  olf  the  beaten 
track  that  very  few  know  of  it,  and  hardly  any  one  visits  it.  The  stone  used  is 
said  to  have  been  brought  from  Trimiem  and  Tirkornum,  but  is  more  horn- 
blendie  than  any  of  the  rocks  seen  at  those  places. 

The  great  temple  at  Manargudi,  on  the  western  edge  of  the  Cauvery  delta, 
is  largely  built  of  gneiss  from  an  unknown  locality,  but  which  must  have  been 
brought  a  distance  of  fully  fifty  miles,  snpjjosing  it  to  have  come  from  the  very 
nearest  quarries,  those  of  Mammallai,  eight  miles  east-south-east  of  Trichinopoly. 
These  quarries  may  well  have  yielded  all  the  slightly  hornblendic  qiale  stone  used  at 
Manai'gudi  and  also  at  the  great  Tanjore  temqile,  excejoting,  probably,  the  famous 
great  bull  and  a  few  other  large  monoliths  of  much  more  hornblendic  character. 
It  is  not  known  for  certain  where  these  were  quarried,  but  I  suspect  they  camo 
from  a  bed  of  very  hornblendic  gneiss  at  foot  of  the  Pachamallais  near  Peram- 
balur  in  Trichinopoly  district.  My  reason  for  suspecting  this  is,  that  when  at 
Tirumanur  in  1878,  on  the  left  bank  of  the  Ooleroon  to  the  north  of  Tanjore, 
I  saw  several  very  fine  monolithic  blocks  of  dark  black  hornblendic  rock  lying 
on  the  river  bank.  These  were  said  to  have  been  brought  there  by  the  late 
Rajah  of  Tanjore  from  a  quarry  close  to  Perambalur  to  be  used  for  a  temqile 
which  was  never  built.  This  very  black  stone  much  more  resembles  the  black 
monoliths  in  Tanjore  pagoda  than  anything  yielded  by  the  quarries  south  of 
the  Cauvery. 

Great  complaints  are  made  in  the  southern  taluqs  of  Tanjore  district  of  the 
want  of  proper  road-metal  for  the  I’oads  in  tho.se  very  sandy  regions,  but  this 
difficulty  might  be  largely  met  by  screening  out  the  latcritic  gravel  which  occurs 
in  large  quantity  in  the  sands  in  very  many  localities  along  the  Manargudi  and 
Adrampatam  roads. 


In'DBX  of  Geological  Colors  -S-  Symlool 


^!N'ARG^PI^ 


.Alluvium, 


-Cuddalore  Series  8- Lateritic  Formations- 


Kolatur 


L  ateritic  C  onglom  er  ate 


Lateritic  Gravel 


Shingle 


4imniiu,xlluv 


Granitic  Gneiss 


'ar'ntxm. 


>\\  ^  t.c^' 

Sv*.  i  X""-  • 


rUDUKOTAl 


The  ■western  part  of  the  "band  of  Lateritic 


Alang'udi 


Pormations  is  strongly  conglorn'eratic  :a3 


SfiKtUcQ^'e^ 


Art  trtuiUMtv 


imie: 


y  o  ttam 


Kilajiellik.otai 


PaXaAv 


■.JfeAdAmi 


Sliabkotai 


Ka*'dcftvdi 


Melur 


zpjLarrt- 


WADu;' 


atai’  a  sh  en 


fKaliEirlcovil 


Tirupavanaiu 


R.ecoris,  Vol-.  XIT. 


78  30. 


py©yiK@TAa  statu 

WITH  PARTS  OP 

MABITKA,  TAir,TORB 

an  d 

TRI CHIN O  P  O  L  V  D I  S  TRIG  TS, 


3o: 


PART  3.]  Foote:  Cretaceous  Fossils  from  TrickiuojMt//  District. 


159 


Rough  Notes  on  the  Cretaceous  Fossils  prom  Trichinopoly  District,  collected 
IN  1877-78,  1)1)  R.  Bruce  Foote,  F.G.S.,  Geological  Survey  of  India. 

The  following  notes  have  reference  chiefly  to  the  fossils  I  collected  in  1877 
from  the  Utatar  and  Arialiir  groups,  at  Utatur,  Maravatiir,  Odium,  Arriahir, 
and  Malliir,  Avhich  alone  received  any  careful  examination.  The  fossils  from  the 
other  localities  received  as  a  whole  merely  cursoiy  inspection  while  being- arrang-ed 
for  numbering.  The  term  “new  species’’  that  will  be  found  used  hero  and  there 
implies  only  that  the  fossil  does  not  agi’ee  with  the  figures  and  descriptions  of 
species  described  by  Dr.  Stoliezka  in  the  Pala3ontologia  Indica. 

Sponges. — A  special  feature  of  the  collection  is  the  large  number  of  sponges  it 
contains  as  compared  with  the  far  larger  eolleetion  originally  made  at  the  time 
the  geological  survey  of  the  district  was  being  carried  out.  Dr.  Stoliezka  figures 
only  two,  which  he  refers  to  the  genus  Siphonia. 

Among  the  sponges  collected  by  me  arc  numerous  specimens  belonging  to  the 
very  important  and  characteristically  cretaceous  family  of  Ventriculites.  Those 
were  found  mostly  weathered  out  of  a  bod  of  limestone  south-west  of  Maravatiir 
(Z/Oc.  10),  very  low  down  in  the  Dtatur  group.  They  belong  apparently  to 
three  species,  or  vai-ieties,  of  different  form  and  texture  (e.y..  Nos.  5,  6,  7, 
18— -‘20,  45  and  49).  Many  show  the  characteristic  network  extremely  -well  (e.y.. 
No.  49). 

With  these  Ventriculites  occurred  several  specimens  belonging  to  another 
group  {?  Spongites),  showing  quite  dissimilar  texture  (Nos.  8  to  14). 

The  same  bed  of  limestone,  which  forms  a  small  knoll,  yielded  a  considerable 
number  of  other  fossils,  all  of  which  were  collected  from  a  very  limited  space,  only 
a  few  dozen  squai’O  yards  in  extent.  The  most  numerous  of  those  were  spines 
and  plates  of  Cidarids ;  Bolemnites  were  found  in  considerable  nurabei-s ;  a 
few  small  Ammonites,  with  other  shells  and  corals,  were  also  obtained.  The 
large  Pecten  (No.  50)  came  from  another  bed  rather  nearer  to  Maravatur. 

A  numerically  much  larger  number  of  sjionges,  of  a  small  cup-shaped  group, 

Naicolum  “sponge  w' as  obtained  from  one  of  the  lowest  beds  of  the  Utatur 
bed.”  group,  exposed  at  head  of  a  gully  opening  eastward,  a  few 

yards  east  of  the  old  Madras  road,  fths  of  a  mile  south-south- west  of  Nai- 
colum  (hoc.  3).  These  were  found  with  a  great  number  of  other  fossils  on  the 
weathered  outcrop  of  an  argillo-calcarcous  sandstone.  With  the  cup  sponges 
was  one  specimen  of  a  mamillated  species  (No.  278).  A  largo  specimen  (No.  32) 
of  clavate  form  was  also  found  weathered  out  of  the  same  bod,  but  originally 
derived  without  doubt  from  the  coral  reef  limestone  at  base  of  the  Utatur 

group.  ^ 

Two  other  sponges  wore  obtained  from  the  middle  part  of  the  Utatur  group 
exposed  north  and  north-west  of  Odium  {Loc.  21).  Of  these,  which  are  numbered 
14  and  15,  the  latter  appears  to  be  a  Siphoma. 

Vertebrate  remains. — A  number  of  largo  vertebrae,  apparently  reptilian,  very 
like  those  of  IcUhyosaums,  were  found  by  mo  in  the  clays  north-east  of  Utatiir. 
Nine  out  of  sixteen  lay  together,  in  apposition,  when  I  found  them,  but  were 
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Ehyncholites. 


nnfortnnately  disturbed,  before  I  bad  time  to  number  tbem,  by  an  officious 
collector,  in  direct  contravention  of  his  orders.  The  others  had  been  washed 
down  the  slope  of  the  rain  gully  in  which  they  were  exposed,  but  they  all 
doubtless  belonged  to  the  same  individual.  I  have  had  no  opportunity  of  com¬ 
paring  them  with  figures  of  known  Ichtliyoscmrus  vertebrre.  They  are  numbered 
047—63. 

The  seven  shark  s  teeth  (marked  043)  belonged,  I  believe,  to  the  shark  that 
yielded  the  large  vei’tebras  Nos.  34 — 40.  They  were  all  found  quite  close  together, 
weathered  out  of  one  of  the  large  earthy  ferruginous  concretions,  at  only  a  short 
distance  from  the  large  reptilian  vertebrie. 

A  novelty  among  Utatur  fossils  is  the  lelithyodonilite  (No.  460). 

Mollusca.—  -TIhc  chief  novelties  are  several  Bhynoholites,  or  mandibles  of 
Nautili,  belonging  to  two  if  not  to  more  species.  Three 
of  small  size,  not  well  preserved,  were  obtained  from  the 
outcrop  of  the  “sponge  bed”  {Loc.  3).  Two  others,  one  large,  of  rather 
different  form  (Nos.  24  and  250)  were  found  in  the  Utatur  clays.  Two  other 
peculiar  bodies  (0  26  and  27)  bearing  some  resemblance  to  BliyncJiolites,  but  both 
apparently  somewhat  broken,  were  also  found  in  the  Utatur  clays. 

Embedded  in  the  clay  filling  the  body-chamber  of  a  nautilus  from  Utatur  is 
Fruit  like  bod '  ^  singular  body  (No.  23aO),  someivhat  fruit-like  in  ap¬ 

pearance,  that  I  was  unable  to  determine.  I  wish  to  draw 

special  attention  to  it. 

From  the  same  locality  (0)  came  what  appears  to  be  a  new  Belemnite  (028) 
Belomnites  shoi't  squat  form  and  blunt  pointed,  quite  unlike  any 

figured  in  the  Palssontologia  Indica.  It  is  much  the 
rarest  form  of  all  occurring  in  the  Utatur  clays. 

The  long,  thin,  sharp  pointed  Belemnite  (No.  31)  occure  chiefly  in  the  higher 
clay  beds. 

Interesting  specimens  of  Belemnites  are  numbers  67,  68,  and  69  from  Odium 
(Loc.  21),  parts  of  phragmocones,  the  latter  of  very  large  size.  No.  70  shows 
great  part  of  the  piro-ostracum. 

Among  the  Ammonitidee  No.  88,  from  Anapadi  (Locy.  15),  may  be  a  new 
species,  for  it  does  not  agree  with  any  of  those  figured  by 
Stoliezka. 

Of  the  rare  form  A.  Icaliha  founded  by  Stoliezka  on  a  unique  specimen  from 
the  Arrialur  beds  east  of  Utakoil,  a  second  example  (OK  16)  was  found  by  me 
at  the  same  pilace.  It  is  in  good  preservation. 

Of  another  rare  form,  A.  xetra,  based  by  Dr.  Stoliezka  on  two  specimens  from 
Cunum,  a  third  example  w'as  procured  at  the  same  place.  It  is  a  young  speci¬ 
men  and  unfortunately  much  broken  (20o  55). 

An  apparently  new  species  of  Turrilites  with  very  delicate  transverse  ribbings 
on  the  whorls  was  found  by  me  west  of  Arrialur  (Loc,  A, 
No,  16. 


Ammonites. 


Turrilites. 


PART  3.]  Foote:  Cretaceous  Fossils  from  Trichinopoly  District. 
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No.  18  from  the  same  locality  would  also  appear  to  be  a  new  species  of 
Baculites.  BacuUtes,  unless  it  be  part  of  a  Ttyclioceras. 

Of  the  Gasteropoda  that  I  had  time  to  examine  and  to  compare  with  Stoliczka’s 
figures  in  the  Palasontologia  Indica,  several,  which  I  enu¬ 
merate  below,  appear  to  differ  to  a  considerable  extent, 
and  may  very  probably  be  new  species  or  varieties — 


Gasteropoda. 


Nerinma,  sp. 

Locy.  11* 

No. 

4 

Scala,  .  . 

»  A* 

99 

141 

Cancollaria,  „ 

»  « 

149 

Velutina  ? 

}>  >9 

« 

150 

Sigaretns  ? 

if  >9 

99 

150a 

Natica,  sp. 

'i  9) 

99 

151 

Cantharidus  ? 

9t  99 

99 

156 

Thylaoodes 

99  99 

99 

159 

Troehaetteon  ? 

99  99 

99 

160 

Dontalium 

99  9 

99 

163 

Pasciolaria 

„  21E' 

99 

32 

Solarium 

241 

99 

63 

'  Locality  11  is  north  and  north-west  of  Maravatur. 

„  A  west  of  Arialiir. 

„  21E  north-cast  and  west  of  Odium. 

„  24,  reef  in  stream  half  a  mile  below  Veraghur. 


Among  the  Pelecypoda  the  following  forms  appear  to  be  new,  i.  e.,  unfigured, 
Pelecypoda.  by  Dr.  Stoliezka  : — 


Ostrea,  sp. 
Pholodomya  ? 
Panopsea,  sp. 
Tellina,  „ 
Trigonia,  „ 
Avicula,  „ 
Ditto,  „ 

Mya,  „ 

Exogyra,  „ 


Locy.  11 
„  A. 

»  »» 
>y  >t 
>i  is 

>»  » 


No.  14 


» 

» 

>» 


» 

» 


10 

13 

27 

46 
61 
62 

47 
73 


'  Locality  21  is  north-west  and  north  of  Odiiim. 
„  27  is  east  of  Karapady. 


A  singular  plicated  tube  of  doubtful  molluscan  or  annelidan  origin  is  specimen 
No.  24,  from  the  coral  reef  limestone  near  Naicolum 

Plicated  tubular  shell. 

(Loo.  No.  2). 

Echinodermata. — The  small  echinoderm  No.  5,  from  the  “  Sponge  bed”  south 
of  Naicolum  {Loo.  3),  appears  to  be  new,  as  does  also  the  encrinoid  joint  No.  4. 
The  same  may  be  said  of  an  encrinoid  joint  found  in  the  IJtatur  clays  (0.  No.  64). 

Bryozoa. — Two  very  beautiful  small  Bryozoa,  Nos.  129  and  1.30,  were  obtained 
by  me  from  the  “  Sponge  bed”  {Loo.  No.  3).  They  are  quite  different  from 
anything  figured  in  the  PalD3ontologia  Indica. 
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Corals. — Considerable  numbers  of  a  very  delicate  little  cup  coral  ((7.  G. 
JJfos.  1 — 65)  were  found  in  white  clays  half  a  mile  east  of  the  Oudicad-Cullpady 
road,  and  rather  nearer  to  the  latter  place.  They  appeared  confined  to  a  very 
small  area,  and  were  not  mot  with  elsewhere. 

Plants. — Plant-remains,  fossil- wood  excepted,  are  very  rare  in  the  Trichinopoly 
cretaceous  beds,  but  a  few  obscure  specimens  were  obtained,  e.  g. — 

An  impression  of  a  longitudinally  ribbed  stalkfound  at  Seraganur  (S.  No.  15). 

A  minute  piece  of  a  cycadeous  (?)  leaf  in  an  indurated  clay  nodule  from  the 
Utatiir  beds  north  of  Cudicad  (C.  No.  3), 

Minute  fragments,  apparently  of  cycadeous  leaves,  are  traceable  in  some  parts 
of  small  clayey  nodides  from  the  Utatur  beds  (Nos.  67 — 720). 

Locality  No.  2. — The  collection  of  fossils  obtained  from  this  patch  of  coral  reef 
limestone  is  a  very  important  addition  to  the  fauna  of  this  rather  obscure  form¬ 
ation,  which  yielded  but  little,  if  I  mistake  not,  to  earlier  searches.  My  success 
in  procuring  specimens  was  duo  to  the  limestone  having  been  quarried  to  some 
extent  quite  recently.  All  the  specimens  found  I  obtained  from  the  quarry  chips, 
with  only  one  or  two  exceptions. 

Locality  No.  3.- — -This  locality,  which  does  not  appear  to  have  been  known  to 
Mr.  Blanford  as  a  rich  hunting  ground,  shows  three  sets  of  fossiliferous  beds, 
the  lowest  being  coarse  calcareous  gritty  beds  with  a  few  fossils  and  many  washed- 
up  pebbles  of  the  coral  reef  limestone,  also  some  masses  almost  deserving  the 
name  of  boulders  of  the  same  rock.  On  these  rests  the  “  Sponge  bod,”  an 
argillo-calcareous  sandstone.  On  this  again  lies  a  clay  bed  with  large  indurated 
nodules,  containing  occasional  Ammonites  and  Nautili  with  a  few  other  shells. 
These  are  easily  distinguishable  by  their  light  color,  pale  yellow  or  buff,  while 
the  “  Sponge  bed  ”  fossils  and  those  from  the  lower  beds  are  mostly  of  a  dis¬ 
tinctly  brovTi  color. 

The  fossils  from  the  “  Sponge  bed  ”  were  nearly  all  found  within  a  veiy 
small  space  of  ground,  on  the  very  basset  edge  of  the  beds,  or  the  upper  two  or 
three  feet  of  the  giltty  talus.  The  fossils  met  with,  beside  the  sponges,  rhyn- 
cholites,  echinodenns  and  encxunoid  joints  already  mentioned,  wereCidaris  spines, 
Belemnites,  small  Corals,  Bryozoa,  Serpulfe  in  great  vai’iety  and  numbers,  large 
numbers  of  Tuhulostemn  callosum,  numerous  Gryphaxa  and  Oysters,  and  lastly,  a 
number  of  small  shells,'  both  Gasteropoda  and  Pelecypoda,  not  forgetting  a  few 
small  Ammonites.  I  do  not  recollect  any  other  fossil  locality  in  which  I  obtained 
BO  rich  a  collection,  in  an  equally  small  space,  reckoning  the  richness  by  the 
number  of  species. 

Jjocality  “  0.” — Mr.  Blanford,  in  his  Memoir  on  the  cretaceous  rocks,  speaks  of 
the  small  clay  nodules  near  Utatiir  as  hardly  over  containing  any  fossils.  This 
statement  is,  I  think,  rather  too  strong,  and  calculated  to  deter  future  collectora 
from  searching  one  source  of  valuable  fossils.  My  own  cxjxcrience  is,  that  they 
are  not  common  in  the  small  nodules,  but  still  common  enough  to  encourage 
search.  I  got  several  (eleven  I  think)  in  a  morning’s  general  search,  without 
devoting  more  than  half  an  hour  specially  to  breaking  nodules.  Two  of  the 
eleven  are  certainly  valuable  specimens,  the  rhyncholite-liko  bodies  referred  to 
above  (Nos.  26  and  27). 
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Notes  on  the  genus  Sphenophyluum  and  other  Eqdisetaceai;  with  reference  to 

THE  Indian  form  Teiztgia  speciosa,  Roj'le  (^Sphenophyllum  trizygia,  Ung.), 

hy  Ottokar  Feistmantel,  M.D.,  Falceontologist,  Geological  Survey  of  India. 

Last  year  a  peculiar  discovery  was  announced  by  Mr.  Star,  at  Vienna,  on  tlio 
relations  of  certain  genera  of  Eqnisetaceons  plants  in  tbe  coal-foi-mation.  The 
observations  refer  also  to  the  genus  Sphenophyllum  ;  so  it  will  not  bo  out  of  place 
to  note  this  discovery,  and  to  add  some  remarks  on  those  plants  with  reference  to 
the  Equisetaceous  plants  in  the  Indian  coal-beds,  especially  to  Trizygia  speciosa. 
The  most  common  genera  of  tbe  Eguisetacere  in  the  carboniferous  formation  arc 
those  which  were  described  as  GalamUes  (Suckow,  1784),  Asterophyllites  (Brong- 
niart,  1828),  Annularia  (Sternberg,  1822),  and  SjdienojAiyllimi  (Brongniart,  1828). 
These  were  all  described  as  distinct  genera. 

In  1852,  however.  Professor  Bitter  von  Ettingshausen,!  placed  the  genus 
Asterophyllites,  as  “  rami  et  raniuli,”  to  Oalamites,  although,  as  it  appears,  there 
was  no  direct  evidence  for  the  proceeding.  In  1809  ilr.  W.  Carruthers  “  united 
all  the  three  genera,  i.e.,  Asterophyllites,  Annularia,  and  SphenophyUmn  to  one 
group  under  the  name  Calamites,  considering  them  as  throe  different  forms  of 
foliage  of  this  one  genus,  although,  as  it  appears,  the  author  had  no  direct  evidence 
for  this  theory. 

Professor  Schimper  (1869)  placed  the  genus  Asterophyllites,  which  he  named 
Calamocladus  under  the  heading  “rami  et  ramuli  foliosi,”  to  Calamites ;  but 
Sphenopihylhcm  and  Annularia  remained  independent  genera. 

Professor  Weiss  (1871)  again'*  urges  the  indcjiendent  nature  of  all  the  genera 
abovenamed ;  and  so  does  Professor  Hcer,  even  in  his  recent  juiblications. 

In  1874  it  w'as  shown  by  Professor  Williamson,'*  who  based  his  conclusion  on 
the  microscopical  structure,  that  Asterophyllites  and  SphenophyUmn  were  very 
closely  related  genera. 

In  1870  another  systematical  place  was  assigned  to  SphenophyUmn  by  Pro¬ 
fessor  Schenk,*  who  arrived  at  the  conclusion  that  Sphenophyllum  is  more  related 
to  the  Ly copod iaeecB  than  to  the  Equisetaceie. 

To  this  Mr.  Stur  wrote  a  reply  under  the  title  “  1st  das  SphenophyUmn  in  der 
Thateine  Lycopodiaceoe,*”  where  he  endeavoui-ed  to  show  that  the  systematical 
position  of  SphenophyUmn  is  with  the  Equisetacem. 

So  stood  the  case  till  last  year,  when  Mr.  Stur  announced  his  discovery,’ 
which  was  as  follows  :  On  a  slab  of  shale  were  found  several  branches  of  an  Astero¬ 
phyllites  with  branchlets,  which  showed  the  foliage  of  a  Sphenophyllum  (Sph. 
dichotomicm) ,  and  had  a  fructification  of  the  kind  of  Volkmannia,  (Stur).  On  other 

’  Steinkohlenflora  voii  Ttadiiitz,  Ahh.  d.  k.  k.  geol.  Reicbsanstalt,  'Vol.  II,  p.  24. 

^  In  Seeman’s  .Tonrnal  of  Botany,  1867. 

®  Possile  PI.  d.  jiingst.  Steinkohlf.  mid  dcs  Eothliegenden,  &c.,  pp.  107,  108,  2nd  Part. 

^  Philosoph.  Trans.  E.  Soc.,  Vol.  164,  p.  41  ef  seq.,  1875. 

*  N.  J.  f.  M.,  1877,  p.  435,  liefer. 

«  Jalirb.  d.  k.  k.  geol.  Rclistlt.,  1877,  Vol.  XXVII,  pp.  7—32. 

'  Verliandl.  d.  k.  k.  geol.  liei.slisan,stalt,  1870,  p.  327.  See  N.  Jabrb.  f.  Min.,  &c.,  1879,  pp.  256 
and  260. 
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specimens  the  same  Asterophyllites  is  said  to  have  a  fructification  of  the  kind  of 
Bruckmannia  (Stur),  and  to  he  preserved  in  such  a  manner,  that  it  has  to  he 
considered  as  branches  of  Oalamites,  preserved  on  the  same  slab  of  shale. 

The  conclusions  to  which  Mr.  Stur  arrived  are  that  Syhenoyhyllum  is  no 
peculiar  genus,  but  belongs  to  Asterophyllites,  and  both  Asterophyllites  and  Sjphe- 
nophyllum  are  branches  of  Oalamites. 

Professor  Williamson  and  Professor  E.  Weiss  have  published  their  opinions 
about  this  remarkable  discovery 

Professor  WiUiamson  considers  the  connection  of  a  Sphenopliyllum  and 
Asterophyllites  as  quite  probable,  and  finds  in  it  the  confii’mation  of  his  own  views 
on  the  relation  of  Asterophyllites  and  Sphenophyllum ;  but  he  thinks  it  impossible 
that  both  these  genera  should  be  the  branches  of  a  Oalamites  of  the  ordinary 
type,  as  it  occurs  in  England,  the  structure  of  Asterophyllites  and  Sphenophyllum 
being  totally  different  from  that  of  Oalamiites. 

Professor  Weiss  concurs  with  Professor  Williamson  as  regards  the  impossi¬ 
bility  of  Asterophyllites  and  Sphenophyllwm  belonging  to  Oalamites  ;  but  he  is  not 
prepared  to  accept  the  view  that  all  Asterophyllites  and  Sphenophyllum  should  be 
closely  related,  and  he  finds  a  distinguishing  character  in  the  fructification.  He 
saj^s  (1.  c.),  p.  264: — 

“  From  the  admission  that  branches  with  the  appearance  of  Asterophyllites 
and  Sphenophyllum  may  be  found  on  the  same  plant,  as  observed  by  Stur,  it 
would  not  at  all  follow  that  Asterophyllites  in  general  is  identical  with  Spheno¬ 
phyllum,  and  still  less  that  both  these  should  be  identical  with  Oalamites." 

Professor  Weiss  therefore  seems  to  allow  that  Asterophyllites-likB  branches 
may  be  found  with  Sphenophyllum-\ike  branches  on  the  same  plant,  there  being 
also  two  other  genera,  i.e.,  Cingularia  ondi  Bowmanites,  which  have  Asterophylhtes- 
like  stalks.  Sphenophyllum  and  Asterophyllites  of  the  carboniferous  formation 
also  agree  in  the  arrangement  of  the  leaves,  all  being  arranged  in  whorls.  But 
still  ho  maintains  the  independence  of  Sphenophyllum  in  other  cases. 

If  we  now  turn  to  the  Equisetaceous  plants  in  the  Indian  coal-beds,  we  find 
especially  three  forms — 

Phyllotheca  (not  very  frequent,  and  in  the  Eaniganj  group  only). 

Schizoneura  (rare  in  the  Barakar  group,  but  very  numerous  in  the  P^aniganj 

group). 

Trizygia  (in  both  the  Barakar  and  Raniganj  groups). 

Besides  these  many  other  stalks,  without  certain  affinities. 

The  genus  Phyllotheca  is  known  from  the  lower  (paleeozoic)  coal-beds, 
the  Newcastle  beds  and  Wianamatta  beds  in  New  South  Wales,  and  from  the 
upper  mesozoic  beds  (Bellarine-beds)  in  Victoria;  from  jurassic-beds  in  Siberia 
(Altai,  Lower  Tungutska  river ^  and  Eastern  Siberia),  and  in  Italy. 

'  N.  Jalirl).  f.  Min.,  1879.  pp.  256  and  260. 

-  Tlie  formation  with  fossil  idaiits  in  these  two  distri-cts  is  Jurassic,  according  to  the  last  com¬ 
munication  of  Prof.  Schmalhausen  (Bull.  d.  I’Acad.  des  Sc.  d.  St.  Petershourg,  Vol.  XI,  pp.  77-81), 
containing  Phyllotheca,  Sphenopt.  anthriscifolia,  Asplenium  whitliense,  var.  tenue,  Zamites  m- 
flexus,  Fodozamiies  eichivaUU,  Ctenophyllum,  Phiptozamites  (Koggerathia),  Czehanomhia  rigida, 
4-c. 
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There  is  no  representative  of  this  fossil  plant  in  the  carhoniforons  hods  of 
Europe,  the  leaves  being  joined  to  an  undivided  spathe  at  their  base,  and  free  in 
the  upper  part. 

As  regards  the  other  two,  Scliizone^ira  and  Trizygia,  I  find  the  following 
remark  about  them  in  Grand’ -Eury’s  groat  work  on  the  carboniferous  flora  in 
France,'  page  404 : — 

“  II  faut  cependant  hien  reconnaltre  que  certaines  plantes  des  terrains  secon- 

daires  inferieurs  ont  des  attaches  avec  cellos  des  terrains  primaires . lo 

Trizgyia  speciosa  de  Roylo,  resemble  S.  un  Sphonophyllimi  ohlongifoUmn  qui  dovi- 
endrait  heacoup  plus  ample  ;  les  Schizoneura  du  gres  higarr6  y  suppleeraicnt  aux 
Asterophyllites.” 

As  far  as  ScMzcmeura  is  concemed,  this  thesis  seems  probable,  this  genus 
also  having  linear  leaves,  in  whorls,  which  are  however  in  most  of  the  cases 
joined  to  two  broader,  encircling  leaves,  which  morphologically  originated  from 
a  spathe  (sheath),  to  which  all  the  loaves  are  joined  in  the  beginning  of  the 
growth  of  the  plant. 

With  Trizygia  we  will  have  to  admit  a  slight  modification.  Trizygia  was  first 
projDosed  by  Royle  on  account  of  the  arrangement  of  the  leaves,  always  six  in 
three  pairs  on  one  side  of  the  joints ;  this  character  is  completely  constant  in  all 
the  specimens  hitherto  observed ;  the  species  was  Triz.  speciosa. 

Mc’Clelland  (1850)  described  it  as  Splienophyllum  speciosum ;  Unger  (1850) 
as  Splienophyllum  trizygia. 

I  myself  followed  Unger’s  example  in  my  first  notices  on  the  Damuda  flora 
(1876)  ;  but  after  these  various  researches  on  the  nature  of  the  carboniferous 
Equisetaeem,  I  would  return  to  Royle’s  original  denomination,  i.  e.,  Trizygia. 

From  the  preceding  notes  on  the  genus  AsteropJiylUtes  and  Spli&nopjlvylhini, 
it  would  appear  that  some  forms  of  these  two  genera  may  belong  to  the  same 
plant,  hut  in  some  other  cases  Splienophyllum  is  an  independent  genus. 

In  the  Indian  coal-fields  the  form  Trizygia,  said  to  he  i-epresentativo  of  the 
carboniferous  Sp/iewop/ti/iJawi.,  is  not  associated  with  any  Astcropliylhtes,  there  being 
no  true  Asterophyllites  found ;  nor  can  it  belong  to  Schizoneura,  which  to  some 
extent  ean  he  considered  as  representing  the  Asterophyllites;  for  amongst  tlio 
very  numerous  specimens  of  Schizoneura  from  the  Indian  coal-beds,  not  one 
specimen  was  observed  which  would  show  that  the  Trizygia  might  in  some  way 
ho  connected  with  Schizoneura  ;  in  the  Talchir  coal-field  there  is  Trizygia  without 
Schizoneura,  and  in  the  European  Trias,  where  Schizone^ira  occurs,  no  trace  of 
any  form  of  the  kind  of  Trizygia,  or  any  Splienophyllum,  has  hitherto  boon 
detected.  Trizygia  can  therefore  very  well  bo  considered  an  independent  genus, 
having  no  connection  with  Schizoneura,  as  those  forms  of  Splienophyllum,  which 
have  no  connection  with  Asterophyllites ;  but  I  also  think  Trizygia  will  have 
to  be  considered  as  differing  from  the  true  Splienophyllum. 

In  this  latter  the  leaves  are  arranged  in  complete  whorls  round  the  joints,  and 
the  stalk  is  pretty  thick,  so  that  we  have  to  consider  it  as  an  erect  plant,  growing 

'  Flore  carboniferc  du  Dptint.  dc  la  Loire  et  du  Centre  de  la  F}'ance,  1877. 
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above  the  sui’face  of  water,  like  Asterophyllites.  In  the  Indian  plant,  however, 
the  leaf  whorls  are  incomplete,  there  being  always  only  six  leaves,  on  one  side 
of  the  joint,  arranged  in  three  pairs  ;  the  stalks  are  thin  in  comparison  with  the 
size  of  the  leaves,  showing  perhaps  that  the  Trimjgia  was  a  plant  which  floated 
on  the  surface  of  water. 

In  my  paper  on  some  fossil  plants  from  Raniganj,'  although  placing  the 
Indian  form  with  Splienophyllum,  I  j)ointed  out  all  these  differences,  and  distin¬ 
guished  two  groups  of  Sjjhenofhyllum. 

At  present  I  would  formulate  my  view  in  the  following  manner ; — 

JEQJJISETACEA]]. 

Calamaeiej). 

Group :  Sgdienojjhylloidem. 

«• — Leaf  whorls  complete  round  the  joint ;  number  of  leaves  variable  ;  leaves 
of  the  same  size  and  shape  in  the  same  whorl. 

The  ti’ue  carboniferous  Splienophylhmi. 

h. — Whorls  incomplete  on  one  side  of  the  joints ;  number  of  leaves  six, 
arranged  in  three  pairs,  of  which  each  differs  from  the  other  in  size 
and  partly  also  in  shape  of  the  leaves. 

The  Trizygia  of  the  Indian  coal-beds. 

In  this  sense  Trizygia  may  be  considered  as  representative  of  the  carbonifer¬ 
ous  Sficyiofiylhim,  but  is  an  independent  genus. 

We  have  therefore — 

Phyllotlieca,  representing  in  the  fossil  flora  the  living  Equisehim. 

SeMzoneura,  representing  perhaps  the  genus  A&terogliyllites  of  the  palseozoio 
formation. 

Trizygia,  representing  the  genus  Sfhenoghyllum,  although  differing  from  it. 


On  Mysoein  and  Atacamite  from  the  Nelloee  District,  ly  F.  R.  Mallet, 
F.  G.  s.,  Geological  Survey  of  India. 

Mysorin. — The  occurrence  of  copper  in  the  District  of  Nellore,  as  well  as  in 
other  adjacent  parts  of  the  country,  appears  to  have  been  first  brought  to  the 
notice  of  Government  by  Dr.  Benjamin  Heyne  in  the  early  part  of  the  present 
century.  In  his  “  Tr-acts  on  India,”  published  in  1814,  an  account  is  given  of  the 
rocks  in  the  metalliferous  region,  and  some  details  as  to  the  nature  of  the  ore. 
But  the  working  of  the  mines,  which  appears  to  have  been  canned  on  extensively 
at  an  earlier  period,  was  in  abeyance  at  the  time  of  Dr.  Heyne’s  explorations,  so 
that  he  was  unable  to  obtain  any  reliable  information  as  to  the  mode  of  occurrence 
of  the  ore,  or  its  quantity.  He  was  led,  however,  to  suppose  that  the  amount 

^  Jour,  As,  Soc,,  Bciigiij,  1876,  p,  342. 
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was  very  considerable,  and  tbat  the  working  of  the  mines  “  had  not  been  given 
up  for  want  of  ore,  but  from  the  jealousy  of  the  Rajahs,  who  wished  to  hide 
such  a  treasure  as  long  as  possible  from  their  superiors.”  Specimens  of  copper 
ore  were  obtained  by  Dr.  Heyne,  from  near  the  surface,  in  several  localities. 
Most  of  it  was  “malachite  and  mountain  green,”  but  there  was  also  a  dark-colored 
ore,  intimately  associated  with  the  above,  a  sample  of  which  was  sent  to  London, 
and  analysed  by  Dr.  Thomas  Thomson.  His  results  were  published  in  the 
Philosophical  Transactions  for  1814,  and  were  reprinted  as  an  appendix  to  Dr. 
Heyne’s  work  above  refeiTed  to.  Dr.  Thomson  described  the  ore  as  follows: 

“  All  the  specimens  of  this  ore  wMch  I  have  seen  are  amorphous  ;  so  that,  as  far 
as  is  known  at  present,  it  never  occurs  crystallized.  Quartz  crystals  indeed  are 
imbedded  in  it  abundantly  and  very  irregularly.  Sometimes  they  are  single, 
sometimes  they  constitute  the  lining  of  small  cavities  to  be  found  in  it.  These 
crystals  are  all  translucent.  In  some  rare  cases  they  are  colorless  ;  but  by  far 
the  greater  number  of  them  are  tinged  of  a  yellowish-red,  and  some  few  of  them 
are  green.  The  mineral  is  likewise  interspersed  with  small  specks  of  malachite  ; 
and  with  dark,  brownish-red,  soft  particles,  which  I  found  to  consist  of  red  oxide 
of  iron. 

“The  color  varies  in  consequence  of  the  irregular  distribution  of  these 
extraneous  substances.  One  specimen,  which  was  the  most  free  from  the 
malachite  and  the  red  particles,  was  of  a  dark  blackish-brown  color.  But  in 
general  the  color  is  a  mixture  of  green,  red,  and  brown;  sometimes  one  and 
sometimes  another  prevailing.  Small  green  veins  of  malachite  likewise  traverse 
it  in  different  directions. 

“  The  fracture  is  small  conchoidal,  and  in  some  parts  of  the  mineral  there 
is  a  tendency  to  a  foliated  fracture.  The  lustre  is  glimmering,  owing,  I  conceive, 
to  the  minute  quartz  crystals  scattered  through  it.  The  kind  of  lustre  is  resinous  ; 
and  on  that  account  and  the  varieties  of  colors,  this  ore  has  a  good  deal  of  the 
aspect  of  serpentine. 

“  It  is  soft,  being  easily  scratched  by  the  knife.  *  It  is  sectile.  The  streak 
reddish-brown.  The  specific  gravity  2-620. 


“It  effervesces  in  acids  and  dissolves,  letting  fall  a  red  powder.  The 
solution  is  green  or  blue,  according  to  the  acid,  indicating  that  it  consists  chiefly 
of  copper.” 

The  result  of  Dr.  Thomson’s  analysis  was  as  follows 


Carbonic  acid 

. 

.  16-70 

Peroxide  of  copx^er 

.  60-75 

Peroxide  of  iron 

. 

.  19-50 

Silica 

.  2-10 

Loss 

-95 

100-00 

The  oxide  of  iron  and  silica  he  regarded  as  mechanically  mixed,  and  he 
therefore  considered  the  ore  to  be  an  anhydrous  carbonate  of  copper,  and  a  new 

*  The  hardness  is  given  as  4°25  in  T)r,  Thomson’s  Mineralogy  of  183G. 
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miueral  species.  It  is  described  (in  an  abridged  form  from  tbe  abovementioned 
paper)  in  bis  Outlines  of  Mineralogy  (7tb  edition,  1836)  as  anhydrous  dicarbonate 
of  copper.  In  most  works  on  mineralogy,  of  a  date  subsequent  to  Dr.  Thomson’s, 
the  ore  is  alluded  to  as  a  doubtful  species  under  the  name  of  mysorin. 

With  reference  to  the  locality  in  which  the  mysorin  was  found.  Dr.  Heyne 
wrote :  “  Malachite  and  mountain  green  probably  constitute  the  great  mass  of  the 
ore  in  the  cojiper  veins,  but  an  immense  nest  of  the  anhydrous  carbonate  of 
C02:)per  was  found  at  Ganypittah,  a  village  belonging  to  a  Jaghierdor  in  the 
Venkatygherry  district,  about  40  miles  west  of  Ongolo.  It  exists  there  in 
a  rock  of  the  nature  of  gneiss,  but  considerably  disintegrated,  and  the  quantity 
of  it  must  be  immense,  as  foidiy  coolies’  loads  were  procured  by  a  little  digging, 
and  sent  to  Mr.  Travers,  the  Collector  of  the  district,  and  almost  as  much 
remained  which  had  been  dug  out,  but  which  was  not  carried  away.”® 

The  village  of  Ganypittah — spelt  Guramanypenta  by  Dr.  Heyno  in  a  pam- 
pihlet  subsequently  published  by  him,  Gurumanipenta  by  Lieutenant  Newbold, 
and  Gunnypentah  on  the  Atlas  sheet — is  48  miles  south-west  of  Ongole.  From 
the  bearings  of  the  village  from  Nellore  and  Cuddapah  given  by  Dr.  Heyne,  as 
well  as  from  allusions  to  other  villages  in  the  vicinity,  it  is  perfectly  clear  that 
wed  was  a  more  slip  of  the  pen  on  his  part.® 

Amongst  the  specimens  which  were  forwarded  to  the  Geological  Museum 
in  1873,  for  incorporation  in  the  series  illustrating  the  mineral  resources  of 
India,  which  was  sent  to  the  Vienna  exhibition,  was  a  parcel  of  perhaps  a 
hundredweight,  or  more,  of  copper  ore  from  “  Gudisa  Gundla  near  Ganmanipenta 
and  Torripali,  Hellore  District.”  Yerripali  is  a  village  about  four  miles  from 
Ganmanipenta.  A  portion  of  the  ore  was  reserved  for  the  Geological  Museum, 


1  From  Mj'soro.  The  conntry,  however,  in  which  it  was  found,  lies  considerably  to  the  east  of 
the  Mysore  territory  of  the  present  day. 

2  In  the  fourth  volume  of  the  Journal  of  the  Asiatic  Society  of  Bengal  (1835),  there  is  a 
})aper  by  Mr.  James  Prinsep,  giving  the  results  of  his  analyses  of  three  samples  of  copper  ore 
from  the  Nellorc  District.  The  analysis  of  one  of  these,  which  Mr.  Prinsep  thought  might  be 
the  same  ore  as  that  examined  by  Dr.  Thomson,  is  as  follows ; — 


Hydrated  carbonate  of  copper 
Sulphuret  of  copper 
Sulpburet  of  iron 
Oxide  of  iron,  silex,  &c. 


68-5 

O’? 

12-4 

25*1 


106-0 

It  is,  liowevei’,  alluded  to  hy  Mi*.  Prinsep  liimself  as  an  imperfect  analysis.  Tbe  third  ore 
examined  was  sulphide  of  copper  (63’0  per  cent.)  mixed  with  hydrated  carbonate  (31*7  per  cent.) 
and  some  oxide  of  iron  and  silex.  In  the  same  paper  there  is  an  extract  from  a  pamphlet,  pub¬ 
lished  hy  Dr.  Heyne  subsequent  to  the  issue  of  his  ‘  Tracts  on  India,*  in  which  he  describes  the 
appearance  of  an  ore  which  he  considered  to  he  of  the  same  kind  as  that  previously  forwarded 
to  Dr.  Thomson,  hut  ns  it  seems  clear  that  Mr.  Prinsep  was  right  in  believing  lliat  Dr,  Heyne 
had  mistaken  the  sulphide  with  carbonate  for  the  mysorin,  it  is  unnecessary  to  quote  the 
description. 

The  cop]>or -hearing  localities  of  Nellore  and  the  neighbouring  country  have  been  further 
d»®scrihed  by  Lieutenant  Ncwhold  in  volume  Vll  of  the  Journal  of  the  Royal  .Asiatic  Society. 

3  Journ.  As.  Soc.  Rengal,  Vol.  IV,  p.  575. 


PARTS,]  Mallet;  On  M^sorin  mid  Atacamilefmn.  the  Nellore  Bistricl.  169 

and  while  arranging  the  copper  ores  in  the  economic  collection  some  time  ago, 
I  was  struck  with  the  outward  resemblance  of  part  of  the  Nellore  ore  to  the 
Mysorin  as  described  by  Dr.  Thomson.  It  is,  however,  only  recently  that  I 
have  had  the  ojiportunity  of  making  a  complete  examination  of  it. 

The  ore,  as  sent,  occurs  in  irregular  broken  pieces  of  various  sizes  up  to 
about  three  inches  diameter.  It  is  a  most  heterogeneous  mixtui'e,  made  up  of 
over  half  a  dozen  different  minerals,  some  of  which  ai’e,  however,  much 
more  abundant  than  others.  Taken  roughly  in  the  order  of  their  relative 
abundance,  there  arc  visible  to  the  naked  eye,  or  with  a  lens ; — 

Tbo  (lark  recldisli-brown  ore  in  (luostion. 

Malacliite. 

Clirysocolla. 

Quartz. 

Yellowisli-browu  ocliro, 

Chalcoclte. 

Calcite, 

Boruite.' 

Pieces  of  pure  malachite  are  not  to  be  found,  the  mineral  being  greatly 
mixed  up  with  chrysocolla  and  other  minerals.  Some  portions  of  it,  owing  to 
dissemminated  reddish-brown  specks,  and  specks  of  chaloocite,  have  a  dark  tinge. 
The  chrysocolla,  which  is  green  and  greonish-bluo  in  colour,  occurs  both  mixed 
with  the  malachite,  (fcc.,  and  in  the  form  of  thin  seams,  and  as  the  linings  of 
small  cavities.  The  quartz  is  crystalline  and  generally  colorless  or  nearly  so, 
but  it  appears  to  have  a  green  or  yellowish  colour  from  being  imbedded  in  mala¬ 
chite  or  chrysocolla  or  ochre,  or  from  having  such  running  through  it  in  thin 
seams.  The  propoidion  of  chalcocite  is  quite  small,  but  occasionally  a  tolerably 
pure  mass  an  eighth  of  an  inch  long,  or  more,  may  be  observed,  and  it  can  be 
seen  scattered  throirgh  many  pieces  of  the  ore  with  the  aid  of  a  lens.  Calcito 
is  a  rare  mineral  only  observed  on  a  few  specimens  in  the  form  of  very  thin 
seams.  Bornite  is  extremely  uncommon :  only  a  very  few  specks  have  been 
detected.  Some  pieces  of  the  ore  consist  mainly  of  malachite  and  chrysocolla, 
others  mainl}"  of  the  dark-coloured  ore. 

The  most  homogeneous  portions  of  the  latter  have  to  the  naked  eye  a  dark 
reddish-brown  colour,  but  viewed  with  a  lens  they  are  seen  to  be  finely  mottled 
in  dark  brownish-red  and  green.  A  thin  section,  which  to  the  naked  eye  has  a 
reddish-brown  colour  by  reflected  light,  when  viewed  with  a  lens  by  transmitted 
light,  shows  this  mottled  structure  still  more  plainly.  The  relative  proportion  of 
the  two  colours  varies  greatly.  Occasionally  a  patch  is  found  in  which  the  green 
is  almost  absent.  It  is  but  rarely  that  one  finds  a  surface  of  a  quarter  of  an  inch 
square  that  is  not  intersected  by  thin  green  seams  of  malachite  and  chrysocolla, 
which  traverse  the  ore  in  different  directions.  Specks  of  chaloocite  are  also 
visible,  and,  very  occasionally,  those  of  bornite.  The  ore  contains  a  few  small 
cavities,  pai’tially  filled  with  red  ochreous  oxide  of  iron. 

1  Besides  tlieae  there  arc  visiljle  in  a  few  apccimons,  which  include  some  of  the  gangue-stone, 
hornblende,  garnet,  mica,  &c.,  the  matrix  of  the  ore  being,  according  to  Lieutenant  Newbold,  inica- 
aud  horiihleiide -schist. 
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The  lustre  may  be  desci’ibed  as  dull  to  the  naked  eye,  but  glimmering  nnder 
the  lens.  Fracture  imperfect  conchoidal.  On  scratching  the  ore  with  a  knife 
the  streak  is  seen  to  vary  in  colour  owing  to  the  mottled  character  of  the  sub¬ 
stance.  Generally  it  is  greenish  and  brownish-yellow.  In  the  patches  which  are 
free  from  green  it  is  browni.sh-red.  The  fragments  which  I  selected  for  analy¬ 
sis  yielded  a  buffish-gray  powder.  Hardness  of  the  ore  about  4'0.  Specific 
gravity  S'SO  .  It  effervesces  with  cold  dilute  acid,  yielding  a  green  or  blue 
solution  and  leaving  a  red  powder  nndissolved.  On  heating  this  powder  with 
strong  hydrochloric  acid,  ferric  oxide  is  dissolved,  and  a  w’hite  powder  remains. 

On  comparing  the  description  Dr.  Thomson  has  recorded  of  the  ore  analysed 
by  him  with  that  just  given  of  the  oro  I  have  examined,  and  recollecting  that 
Dr.  Heyne  has  stated  that  the  mysorin  occurs  in  an  immense  nest  at  Gannypentah, 
and  that  the  ore  examined  by  me  was  sent  as  the  ordinary  ore  of  the  same 
locality,  I  do  not  think  there  is  much  room  for  doubt  as  to  Dr.  Thomson’s  ore 
and  mine  being  the  same.  The  only  disorej>ancy  of  importance  so  far  is  in  the 
specific  gravity.  Dr.  Thomson  found  it  to  be  2-62,  I  3-80.  It  may  be  observed 
on  this  point  that  it  seems  remarkable  that  while  malachite  has  a  specific 
o-ravity  of  3' 7 — 4-0,  the  corresponding  anhydrous  carbonate  should  have  as  low 
a  specifie  gravity  as  2-62.  The  low  specific  gi-avity  can  scarcely  be  ascribed  to 
impurity,  as  Dr.  Thomson’s  analysis  shoM'S  this  to  consist  almost  entirely  of  ferric 
oxide. 

In  the  crucial  point  however — the  presence  or  absence  of  water — my  analysis 
differs  fundamentally  from  Dr.  Thomson’s.  The  fragments  selected  for  analysis 
showed  under  the  lens  the  brownish-red  and  green  mottling  alluded  to  above. 
Minute  veins  of  malachite  and  chrysocoUa  were  also  visible,  as  well  as  specks  of 
chalcocite,  it  being  found  impossible  to  obtain  a  sufficiency  of  the  substance  free 
from  such  admixture.  Minute  quantities  of  barite  and  probably  calcite  were  also 
present,  although  they  were  not  detected  by  the  eye.  The  result  of  my  analysis 
of  the  ore  (dried  at  100°  C.)  was  as  follows 


Copper  oquiv.  to  ‘56  of  S.  .  .  .  .  ■  •  •  2'22 

Copper  calculated  as  cupric  oxide . 61'46 

Ferric  oxide  (with  tr.  of  Al^  O3) . 6’74 

Lime . 

Baryta . ‘^5 

Carbonic  acid  1518 

Silicic  acid . 

Phosphoric  acid  tr. 

Sulphuric  acid . ’29 

Sulphur . 


100-67 


The  barium  sulphate  was  included  in  the  residue  insoluble  in  aqua  regia, ^ 
together  with  the  bulk  of  the  silica,  which  was  entirely  soluble  in  alkali.  The 
sulphur  was  clearly  derived  from  the  chalcocite.  The  ferric  oxide  was  evidently 

>  The  amount  of  -ivater  was  determined  hy  direct  weighmont. 

-  Also  in  the  residue  insoluble  in  hydroehloric_acid. 
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mecliamcally  mixed,  being  left  (with  silica,  &c.)  as  a  red  powder  when  the  mineral 
was  treated  with  dilute  acid. 

It  was  not  found  possible  to  isolate  sufficient  chrysocolla  in  a  pure  state  from 
the  ore  to  make  a  separate  analysis  of  it.  Adopting,  however,  the  normal  com¬ 
position  of  the  mineral,  the  above  figures  would  be  equivalent  to — 


Cu. 

CuO. 

Pe,  0, 

CaO. 

BaO. 

CO, 

SiOa 

so. 

S. 

H,  0. 

Malacliite 

77*02 

55-65 

14*98 

... 

6*39 

Calcite 

•46 

•26 

•20 

Chrysocolla 

12*83 

... 

6*81 

4*39 

2-63 

Barite 

'84 

•65 

*29 

Chalcocite 

2*78 

2-22 

•66 

Ferric  oxide 

674 

6-74 

100-67 

2*22 

61-46 

6-74 

•26 

•65 

15*18 

4-39 

•29 

*66 

9-02 

After  deducting  the  cujmic  oxide  and  water  equivalent  to  the  silica,  and  the 
carbonic  acid  equivalent  to  the  lime,  there  remains  a  residue  of,  water  6’39,  car¬ 
bonic  acid  14-98,  cupric  oxide  56-65  ;  quantities  which  have  the  oxygen  ratio  of 
1 :  1-92  :  1-97  ;  the  oxygen  ratio  in  tjqoical  malachite  being  1:2:2.  It  is  clear, 
therefore,  that  the  ore  is  an  impure  malachite  owing  its  dark  colour  to  admixture 
with  ferric  oxide  and  chalcocite.  Some  specimens,  indeed,  of  the  Gannypentah 
ore,  which  are  seen  to  be  impure  malachite  by  the  eye,  have  a  dark  colour  owing  to 
a  smaller  admixture  of  the  same  kind. 

It  is  not  certain  that  the  lime  exists  as  calcite,  but  it  is  probable,  calcite 
having,  as  before  remarked,  been  found  in  some  specimens  of  the  ore.  The 
point  is,  however,  of  no  importance  with  reference  to  the  main  question.  Thus, 
if  the  lime  be  included  with  the  chrysocolla,  the  above-mentioned  ratio  will  be 
1:  1-94:  T99. 

I  have  alluded  to  small  portions  of  the  mysorin  in  which,  when  viewed  with 
a  lens,  green  is  almost  absent.  Fragments  of  such,  when  dropped  into  dilute 
acid,  give  merely  a  minute  bubble  or  two  of  carbonic  acid ;  the  liquid  is  faintly 
tinged  with  green,  and  the  fragment  remains  almost  unacted  on.  When  heated 
with  strong  hydrochloric  acid,  iron  is  abundantly  dissolved.  Such  portions  of 
the  ore  are  in  fact  merely  ochroous  ferric  oxide.  The  amount  of  effervescence 
increases  with  the  amount  of  green  -visible  in  the  specimens  experimented  on. 

Atacamite. — Amongst  the  specimens  of  cojiper  ore  from  the  iNellore  district 
in  the  Museum,  there  is  a  mass  of  chalcocite,  which  ajjpears  to  have  been  origin¬ 
ally  obtained  by  Mr.  Kerr,  a  gentleman  who  endeavoured,  but  unsuccessfully,  to 
work  the  mines  about  the  year  ^1835.  The  specimen  weighs  about  six  pounds, 
and  evidently  formed  a  portion  of  an  irregular  vein,  two  or  three  inches  thick. 
It  contains  a  few  dissemminated  crystals  of  magnetite,  and  is  intersected  by  small, 
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irregular  seams  containing  (with  some  malachite)  dark  emerald  green,  translucent, 
crystals,  which,  on  examination,  proved  to  be  atacamite.  The  point  is  worth 
notice,  in  that  the  locality  in  question  is,  I  believe,  the  only  one  in  which  ataca- 
mito  is  known  to  occur  in  India. 


Os  COEUHDUM  FROM  THE  KhASI  HilLS,  BY  F.  R,  MaLLET,  F.  G.  S., 

Oeological  Survey  of  India. 

Amongst  the  specimens  lately  transferred  from  the  Economic  to  the  Geolo¬ 
gical  Museum,  was  one  of  “  hone  stone”,  locally  known  as  “  maushynrut”,  from 
the  Khasi  Hills.  Its  high  specific  gravity  attracted  my  attention,  and  on  examin¬ 
ation  it  proved  to  be  corundum.  It  is  a  finely  granular,  light  gray,  or  grayish- 
white  rock,  containing  microscopically  minute  specks  of  a  translucent,  dark  red, 
mineral.  It  scratches  topaz  with  ease.  The  specific  gravity  is  3'93.  It  appears 
from  information  obtained  by  Colonel  Sherer,  Deputy  Commissioner  of  the  Khasi 
and  Jaintia  Hills,  to  whom  the  matter  was  referred,  that  the  mineral  is  procured  at 
a  village  called  Kongiyniew  “  towai-ds  the  north-west  of,  and  at  a  distance  of  about 
two  days’  journey  from  Nongstoin.”  Hongstoin  is  the  capital  of  a  petty  Khasi 
state  ;  latitude  20“  31'  longitude  91°  20'.  It  would  seem  that  there  are  no  quarries 
of  the  stone,  but  that  the  villagers  pick  up  pieces  found  loose  on  the  surface, 
and  use  it  locally,  as  before  mentioned,  for  hone  or  rather  grind-stones. 

As  the  edge  of  the  hills  to  the  north-west  of  JSTongstoin  is  about  30  miles 
from  that  place,  and  within  15  miles  of  the  Brahmaputra,  it  would  appear  that  the 
locality  where  the  corundum  is  found  cannot  be  very  far  from  the  edge  of  tho 
hills,  and  that  it  is  within  a  day  or  two’s  journey  from  the  river,  for  carts  or 
laden  animals.  If,  therefore,  the  stone  occurs  in  largo  quantity — a  point  I’espeoting 
which  no  information  is  available — it  is  worth  attention  commercially.  Corun¬ 
dum  is  found  in  large  quantity  in  South  Rewah,i  and  notwithstanding  the  fact 
that  it  is  more  than  a  hundred  miles  from  the  railway,  over  a  road  of  which 
the  first  third  is  execrable  even  for  laden  cattle,  and  impassable  for  cai’ts,  the 
corundum  is  exported  to  some  extent  to  Mirzapur.  The  Khasi  stone,  therefore, 
if  found  near  the  edge  of  the  plains,  would  be  far  more  advantageously  situated 
with  respect  to  carriage.  The  Rewah  corundum  is  a  tougher,  less  easily  pul¬ 
verized  stone  than  the  Khasi.  Whether  the  powder  of  the  latter,  however,  would 
do  the  same  amount  of  work  as  that  of  the  Rewah,  is  open,  jjerhaps,  to  question.  We 
arc  indebted  to  Colonel  Sherer  for  a  specimen  of  tho  corundum  lately  received, 
weighing  about  20  pounds  and  measuring  about  4x7x9  inches.  It  had  evidently 
been  in  use  as  a  grindstone. 

*  Eecorcls,  Vol.  V,  20,  Vol.  VI,  43, 
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Note  on  the  Joga  neighbotjehood  and  old  mines  on  the  Nebbudda,  hy 

G.  J.  Nicholls,  C.  S.,  Officiating  Oommissioner  of  Excise,  Central  Provinces. 

In  the  tract  of  country  between  the  Great  Indian  Peninsula  Railway,  the 
Cbota  Tawa  (which  divides  the  Nimar  and  Hoshangabad  districts),  the  Nerbudda 
and  the  Ganjal  river,  most  of  the  western  area  is  composed  of  metamorphics  and 
Bijdwars,  and  these  in  the  eastern  ai’ea  pass  under  alluvium. 

Granitic  and  syenitic  rocks  show  at  Harda  in  the  river  bod.  These  rapidly 
pass  into  gneiss  as  we  go  north-west  towards  Handia.  The  gneiss  soon  passes 
under  cherty  bands  and  quartzose  breccia.  Due  north  from  Harda  about  seven 
miles,  and  to  the  east  of  the  road  to  Handia,  the  streams  lay  open  beds  of  much 
disintegrated  granitoid  or  gnoissic  rock  which  would  probably  yield  kaolin. 

Between  two  and  three  miles  south  of  Handia  small  hills,  with  a  westerly  run, 
are  met,  composed  of  a  peculiar  quartzite  belonging  to  the  Bijawar  series. 

At  Handia  the  bed  of  the  Nerbudda  is  of  granite,  the  felspar  being  of  a 
marked  red  colour.  Across  the  river  at  Nimawar,  the  quartzites  again  come  in. 

Prom  Harda  to  the  south-west,  granites  are  found  till  the  Machak  valley  is 
met  near  Mandla.  Further  down  the  railway  line  trap  comes  in,  a  softish  red 
or  reddish  purple  stone,  easily  cut  and  used  for  bridge  work. 

Down  the  Machak  which  runs  in  a  north-west  direction  at  Dhanwara,  a  coarsely 
crystallized  protogene  rock  forms  the  bed  of  the  stream. 

At  Deopur  a  limestone  has  been  quanned  to  a  considerable  extent.' 

Westward  of  this,  through  Gambir  to  the  Chota  Tawa,  there  is  much  schist 
and  gneiss,  Avith  trap  outliers  superimposed.  Going  due  west  of  Harda  to 
Sontalai,  I  quickly  left  the  granite  and  syenite  and  passed  beyond  the  gneiss. 
From  this  to  Sontalai,  bands  of  yellowish  brown  chert  and  outcrops  of  a  highly 
silicious  limestone  (Bijawar)  alternate  in  a  mo-st  confused  manner.  Where  there 
are  hills,  as  at  Niljhar,  they  are  mostly  of  quartzite  with  chert  and  jasper.  The 
surface  of  the  limestone  is  much  weathered  and  gnarled,  and  the  silicious  layers 
stand  out  in  relief,  often  assuming  the  half  vitrified  look  of  hornstone.  Close  to 
Sontalai,  there  is  much  ferruginous  debris,  probably  from  the  numerous  iron 
melting  fuimaces  once  worked  on  the  western  side  of  the  Aullago. 

A  curious  conglomerate  rather  than  breccia  occurs  in  the  stream  west  of  the 
village.  In  the  afternoon  I  went  to  the  iron  mine  about  two  and  a  half  miles  from 
Sontalai  near  the  Machak  river,  seemingly  a  pocket  of  hasmatite  and  iron  ochre 
it  has  been  worked  out  to  a  depth  which  is  below  the  jiresent  levml  of  the  water 
in  the  pit.  About  here,  frequent  and  quick  transitions  take  place  from  gneiss  to 
schist  and  naiTow  greenstone  or  diorite  bands,  giving  the  appearance  of  inter¬ 
stratification.  The  position  of  these  and  of  the  schists  is  generally  nearly  vertical. 
Lumps  of  quartz  and  nodules  of  trap  lie  about  on  the  ground,  also  a  few  agates 
and  flints.  From  Sontalai  to  Joga  across  the  Anjan,  the  trap  and  greenstone 
dykes,  and  mctamorphic  schists  disappear.  The  elevations  are  almost  entirely 
of  quartzite,  and  the  yellow-brown  cherty  jasper  is  much  stronger.  South  of 

The  specimens  forw.irdeJ  are  of  Lameta  limestone,  the  same  ns  that  quarried  at  Jabalpur. 

H.  H.  M. 
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Joga  KLurd,  a  strong  course  of  Bijawar  grey  weathered  limestone  strikes  to  cross 
the  lierhudda,  which  river  here  runs  from  north  to  south.  The  limestone  course 
can  he  seen  forming  a  reef  across  the  bed  of  the  Nerbudda,  but  not  quite  at  right 
angles.  The  course  is  nearly  north-east-by-east  to  south-west-by-west. 

Between  Joga  Khurd  and  Joga  Kalan,  cherty  or  jasper  breccia  is  very  com¬ 
mon,  and  almost  seems  to  overlie  the  Bijawar  limestone.  From  Joga  Khurd  it  is 
about  half  a  mile  to  the  excavations  known  all  through  tlae  country  as  the 
“Chandi  Khadan”  (silver  mine).* 

The  pits  are  in  two  parallel  lines.  The  most  northern  line  is  apparently  a 
continuous  excavation  of  about  half  a  mile  in  length  on  the  Bijawar  limestone 
band.  The  depth  and  width  vary  greatly,  and  the  direction  runs  pretty  straight. 
These  open  excavations  end  about  250  yards  from  the  banks  of  the  Nerbudda  ; 
the  lino,  I  think,  generally  showed  some  elevation  as  compared  with  the  ground 
on  either  side.  The  depth  may  be  generally  about  25  feet,  and  the  breadth  15 
feet.  About  250  yards  south  of  this  line  of  excavation  is  the  second  line  of 
excavations ;  these  arc  generally  much  naiTOwer  and  mirch  deeper,  much  more 
like  evidences  of  sinking  on  a  lode.  Here  generally  there  was  a  determined  dip 
of  about  80°  to  the  north,  the  strike  being  as  described  where  tlic  limestone  reefs 
cross  the  Kerbudda.  Wlicre  the  limestone  ridge  comes  to  the  surface,  the 
weathered  appearance  of  the  rock  is  remarkably  wild  and  weird.  The  excava¬ 
tions  are  not  all  in  one  line  or  continuous.  Apparently  parallel  and  intersecting 
lodes  or  leaders  have  been  followed. 

The  length  of  these  excavations  was  less  than  that  of  the  northern  run.  In 
some  places  from  ten  to  twelve  feet  in  width  appear  to  have  been  dug  out,  but 
generally  six  feet  would  be  the  average.  In  some  parts  a  considerable  depth, 
about  40  feet,  was  attained ;  only  in  one  pit  is  water  found.  This  has  a  depth  of 
8  feet  in  a  small  pit  or  pocket  at  the  extremity  of  the  excavation,  Avhich  elsewhere 
was  about  30  feet  deep.  From  this  I  took  most  of  my  specimens. 

Although  at  the  surface  the  rock  is  very  contorted,  and  shows  some  sign  of 
concentric  formation  and  numerous  silicious  bands  like  homstone,  we  soon  get 
down  into  fairly  settled  ground.  But  at  the  bottom  I  saw  a  tendency  to  poc. 
kets,  there  being  round  holes  or  nests  picked  out  by  the  old  miners.  From  the 
depth  where  I  was  working,  I  could  see  nothing  else  to  lead  me  to  think  that  the 
lode  went  no  deeper;  but  I  had  not  the  opportunity  of  testing  this.  From  the 
specimens  procured  it  will  be  seen  that  the  limestone,  through  which  probably  a 
strong  lode  ran,  is  interspersed  with  mineral.  This  shows  most  frequently  in  the 

1  Tbe  repntiition  of  the  old  pits  at  Joga  as  silver  mines  is  certainly  of  no  very  recent  invention. 
In  March  1855  my  attention  was  drawn  to  them  hy  Captain  Nemhhard,  then  Assistant  Commis¬ 
sioner  at  Hosliauguhad.  1  found  the  mines  just  as  doserihed  hy  Mr.  Nicholls  (there  were  then  no 
majis  of  the  ground) ;  the  deposit  seemed  to  be  so  thoroughly  worked  oirt  that  I  had  some  difficiUty, 
with  only  a  hammer,  to  make  out  wdiat  the  ore  was.  A  very  much  richer  ore  than  any  now  visible 
was  no  doubt  found  in  the  old  excavations,  and  it  is  quite  possible  that  similar  bunches  may  still 
lie  to  the  deep  of  tbe  old  workings.  The  Karnpura  iron  ore,  which  is  probably  that  referred  to 
by  Mr.  Nicholls,  occurs  as  a  vein  in  the  llijawar  jasper-breccia.  It  is  a  rich  red-hasmatite, 
though  in  places  much  mixed  up  with  the  jasper  rock. 


H.  B.  Medlicoit. 
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lines  of  jointing.  It  would  look  as  if  occasionally  I  kave  got  fragments  of  leaders 
or  strings  belonging  to  a  large  lode.  I  saw  no  marks  of  blasting,  or  of  tke  use  of 
crowbars. 

Tbe  country  around  is  all  forest,  and  the  soil  very  poor.  The  Mowassi 
Kurku  is  almost  the  only  inhabitant.  He  is  superstitious  and  would  never  have 
been  able  to  execute  the  mining  work  to  be  seen  at  Joga.  This  was  probably 
done  bv  the  Pathans,  who  held  the  fortress  at  Joga  Kalan,  a  building  supposed 
to  be  of  the  time  of  Alamgir.  Many  other  reasons  besides  exhaustion  may  have 
led  to  the  abandonment  of  these  works  :  for  instance,  inability  to  control  the 
water  in  the  lower  levels,  want  of  acquaintance  with  machinery  for  raising  the 
ore  with  tools,  and  methods  of  blasting  for  breaking  down  the  rock,  or  the  fall 
of  the  Mogul  power  at  Handia,  and  the  succession  of  the  Mowassi  and  Pindhari 
robber  hordes.  One  cobra  put  to  flight  five  workmen  of  mine.  They  considered 
him  to  be  the  guardian  of  the  treasures.  In  prospecting  both  this  year  and  last, 
I  had  to  use  my  rifle. 

Possibly  it  might  be  worth  while  to  spend  a  little  money  in  trying  to 
expose  the  lode  or  in  driving  cross-cuts.  Water  power  is  probably  available  for 
stamping. 

NOTE. 

The  samples  from  the  Joga  mines,  sent  by  Mr.  Nicholls  to  the  Geological  Survey  Office,  were 
as  follows  : — 

No.  1. —  Dug  by  Mr.  Nicholls  from  the  remnant  of  the  gangul,  or  pocket,  near  the  bottom  of  the 
‘  water  pit’ — gray  dolomitio  limestone,  containing  a  few  cherty  layers  :  galena  is  very  sparsely 
dissemminated  through  both  limestone  and  chert,  and  in  one  or  two  specimens,  specks  of  copper 
pyrites  were  observed. 

No.  2. — Dug  out  from  side  of  the  excavation  of  the  ‘  cobra  pit’ — specimens  similar  to  No.  1. 

No.  3. — Casing  of  a  pocket  in  the  ‘  water  pit’,  dug  out  by  Mr.  Nicholls — ferrugiuous,  man- 
ganifei’ous,  dolomitic  llme.9tone  with  cherty  bands  ;  galena  and  copper  pyrites  dissemminated  as 
in  No.  1. 

No.  4. —  From  debris  at  surface  of  ‘panther  pit,’ — gray  dolomitic  limestone  with  specks  of 
galena. 

No  6.— Casing  from  ‘water  pit,’  dug  out  by  Mr.  Nicholls— ferruginous,  manganiferous, 
dolomitic  limestone. 

No.  6. — From  debris  of  ‘  water  pit’  and  ‘  hymna  pit’ — same  as  No.  5,  Some  pieces  are 
sufficiently  ferruginous  to  be  called  spathic  iron.  Contains  a  few  specks  of  galena. 

Besides  the  above,  a  quantity,  perhaps  half  a  cwt.,  of  stone  was  sent,  taken  from  the  debris  of 
several  workings.  It  was  similar  to  the  sample  No.  1. 

None  of  the  above  described  samples  showed  any  signs  of  the  existence  of  a  lode.  The  galena 
is  very  scantily  dissemminated  through  the  limestone  and  chert  themselves.  The  percentage  of 
ore  to  gangue  is  extremely  small,  so  much  so  that  it  was  necessary  to  pulverize  and  wash  several 
pounds  of  stone  to  obtain  sufficient  galena  for  an  assay.  The  specimens  sent  are  themselves 
useless  as  an  ore,  although  of  course  indicating  the  possibility  of  galena  occurring  in  larger 
quantity.  As  they  were  mostly  taken  from  the  mere  debris  of  the  mines,  they  cannot  be  regarded 
as  fair  samples  of  wdiat  the  average  ore  formerly  extracted  was.  To  really  tost  the  value  of  the 
mines,  it  would  he  necessary  to  excavate  sufficiently  deep  to  penetrate  beneath  the  old  workings. 

The  lead  extracted  fi’om  the  giileua  was  found  to  contain  21  ounces  of  silver  to  the  ton ;  a  very 
fair  proportion,  but  cei'tainl.y  not  one  which  would  entitle  the  mines  to  the  name  of  ‘silver 
mines,’  rather  than  lead  mines. 


F.  K.  Mallet. 
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DONATIONS  TO  THE  MUSEUM. 
1st  April  to  30th  June  1879. 


[voL.  xii. 


Donors. 


Corundum  from  the  KhAsi  Hills. 


Colonel  J.  F.  Sheree, 

Deputy  Commissioner. 


Coal  from  the  Ledo  river,  Makum  Field,  Upper  Assam. 

C,  Ewing,  Esq. 


10  stone  hatchets  (neolithic)  from  Vellore. 

9  ditto  ditto  Banda. 

J.  CocKBURN,  Esq. 


ADDITIONS  TO  THE  LIBRARY. 


From  1st  April  to  30th  June  1879. 

Titles  of  Bootes.  Donors. 

Ball,  V. — On  the  forms  and  geographical  distribution  of  ancient  stone  imple¬ 
ments  in  India  (1879),  8vo.  pamphlt.,  Dublin. 


Tttf  Attttthh 


,,  ,,  On  the  volcanos  of  the  Bay  of  Bengal  (1879),  8vo,  pamphlt.,  London. 

’  The  Author. 

Encyclopeedia  Britannica,  Vol.  IX,  9th  Edition  (1879),  4to,  Edinburgh. 

Gaudey,  Albert. — Considerations  sur  les  Mammiferes  qui  ont  vecu  en  Europe 
a  la  fin  de  1’  Epoque  Miocene  (1873),  8vo,  Paris. 

Haeckel  Ernst. — The  Evolution  of  Man,  Vols.  I-II  (1879),  8vo,  London. 
Hamilton  Walter. — A  Geographical,  Statistical,  and  Historical  description  of 
Hindostan  and  adjacent  countries,  Vols.  I  and  II  (1820), 
4to,  London. 

Jannettaz,  E. — A  Guide  to  the  determination  of  Rocks  (1877),  8vo,  New  York. 
JUHGHUHN,’  Fe.— Fossiles  do  Java,  Part  IV,  Echinodermes  (1854),  4to,  Leide. 
Kinahan,  G.  H.— Manual  of  the  Geology  of  Ireland  (1878),  8vo,  London. 
Lepsius,  Dr.  Richard.— Das  Westliche  Sud-Tirol  (1878),  4to^  Berlin. 

Lewin  Major  Thomas  Herbert. — A  Manual  of  Tibetan  (1879),  4to,  Calcutta. 

’  Director  of  Public  Instruction. 


hliTRA,  Raj endralala.— Buddha  Gaya,  the  Hermitage  of  Sakya  Muni  (1878), 
4to,  Calcutta. 


TJTTi-kT/i  AT  n/-\TrT?T?'\TlV.ni'ArT 


MOJSISOVICS,  Edmund.-  Die  Dolomit-Riffe  von  Siid-Tirol  und  Venetien,  heft 
IV-VI  (1878-79),  8vo,  Wien. 

Phipson,  T.  L.— Meteors,  Aerolites,  and  Falling  Stars  (1867),  8vo,  London.  ^ 
Rammelsberg,  Dr.  C.  F.— Guido  to  a  course  of  Quantitative  Chemical  Analysis 
(1872),  8yo,  New  York. 


PART  3.] 


Addiiions  to  the  Library. 


177 


„  „  ,  Donors. 

Titles  of  Books.  tt-  i  tt  tvt  j.  i 

Roscoe,  H.  E.,  and  Schoelemmee,  C.— A  Treatise  on  Chemistry,  Vol.  II,  Metals, 

pt.  1  (1878),  8vo,  London. 

Ross,  Wm.  Alexander.— Pyrology  or  Fire  Chemistry  (1875),  8vo,  London.  ^ 

’  C.  A.  Hacket,  Esq. 

Steinbach,  LiEUT.-C0L0NEL.-The  Punjab;  being  a  brief  account  of  the  country 
of  the  Sikhs,  (1846),  8vo,  London. 

Ztttel,  K.  A.---Handbuch  der  Palaeontologie,  Band  I,  lief.  2  (1879),  8vo,  Mun. 
chon. 

PERIODICALS,  SERIALS,  &c. 

American  Journal  of  Science  and  Arts,  3rd  Series,  Vol.  XVI,  Nos.  96-101 
(1879),  8vo,  New  Haven. 

The  Editors. 

Annalen  der  Physik  und  Chemie,  New  Series,  Vol.  VI,  Nos._3-4,  and  VII,  No.  1 
(1879),  8vo,  Leipzig. 

Annales  des  Mines,  7th  Series,  Vol.  XIV,  livr.  6  (1878),  8vo,  Paris. 

L.’ Admins,  des  Mines. 

Annals  and  Magazine  of  Natural  History,  5th  Series,  Vol.  HI,  Nos.  15-17, 
(1879),  8vo,  London. 

Archiv  fhr  Naturgeschichte,  Jahrg.  XLV,  heft  2  (1879),  8vo,  Berlin. 

No.  2621  and  Koa.  2679.2693  (1878-79)  4to,  Lon*,„. 

BeiMiittei.  an  den  Annalen  dor  Pliysik  und  Chetnio,  Band  III,  Nos.  3  to  5  (1879), 

8vo,  Leipzig. 

Bibliotheque  Universelle  et  Revue  Suisse,  3rd  Series,  Vol.  I,  Nos.  1—3  (1879), 
8vo,  Lausanne. 

Archives  des  Sciences  Physiques  et  Naturelles,  New 
”  ”  Series,  Vol.  LXIV,  No.  252,  and  3rd  Ser.,  Vol.  I,  Nos.  1—2 

(1878-79),  8vo,  Geneva. 

Chemical  News,  Vol.  XXXVII,  No.  947,  and  Vol.  XXXIX,  Nos.  1005-1019 
(1878-79),  4to,  London. 

Colliery  Guardian,  Vol.  XXXV,  No.  890,  and  Vol.  XXXVII,  Nos.  948-961 
(1878-79),  fob,  London. 

Geological  Magazine,  New  Series,  Decade  II,  Vol.  VI,  Nos.  3-5  (1879),  8vo, 
London. 

Iron,  New  Series,  Vol.  XIII,  Nos.  320-334  (1879),  fob,  London 

Journal  de  Conchyliologie,  3rd  Series,  Vol.  XVIII,  No  4  (18/8),  8vo,  Pans. 
Just,  Db.  Leop.— Botanischer  J ahresbenchte,  Jahrg.  V,  Abth.  1  (1879),  8vo, 

Berlin.  ,  n  o  • 

London,  Edinburgh,  and  Dublin  Philosophical  Magazine,  and  Journal  of  Science, 
5th  Series,  Vol.  VII,  Nos.  42-44  (1879),  8vo,  London. 
Mining  Journal,  with  Supplement,  Vol.  XLVIII,  No.  2213,  and  XLIX,  Nos. 
2271-2284  (1878-79),  fob,  London. 

Monthly  Journal  of  Science,  3rd  Scries,  Vol.  I,  Nos.  63-65  (1879),  8vo, 
London. 
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Nature,  Vol.  XVII,  No.  429,  and  XIX,  Nos.  487-501  (1878-79),  4to,  London. 

Neues  Jahrbucli  fur  Mineralogio,  Geologie,  und  Paleeontologie,  Jahrg.,  1879,  heft 
3  and  4  (1879),  8yo,  Stuttgart. 

Paleontologio  Fran9aise.  Terrain  Jurassique,  1st  Series,  Animaux  Invert^bres, 
livr.  41,  and  2nd  Series,  Veg6taux,  livr.  27  (1878),  8vo, 
Paris. 

Petermann’s  Geographische  Mittheilungen,  Band  XXV,  Nos.  3—5  (1879),  4to, 
Gotha. 

»  „  Supplement,  Band  LVII  (1879),  4to,  Gotha. 

Professional  Papers  on  Indian  Engineering,  2nd  Series,  Vol.  VIII,  No.  32  (1879), 
8vo,  Roorkee. 

Thomason  College  of  Civil  Engineering. 

Quarterly  Journal  of  Microseopioal  Science,  New  Series,  Vol.  XIX,  No.  74 
(1879),  8vo,  London. 

Reports  of  the  Mining  Surveyors  and  Registrars  for  quarter  ending  31st  Decem- 
f  her  1878  (1879),  flsc.,  Melbourne. 

Government  Mining  Department. 


GOVERNMENT  SELECTIONS,  &c. 


British  Burma.  -  Report  on  the  Administration  of  British  Burma  during  1877-78 
(1879),  flsc.,  Rangoon. 

Chief  Commissioner,  British  Burma. 
India. — Annual  Administration  Report  of  the  Garo  Hills  for  1877-78  (1878), 
8vo,  Calcutta. 


Foreign  Department. 

Annual  Administration  Report  of  the  Manipur  Agency  for  1877-78,  No. 
153  (1879),  8vo,  Calcutta. 


Foreign  Department. 


„  Eliot,  J.— Report  on  the  Madras  Cyclone  of  May  1877  (1879),  4to, 
Calcutta. 


Meteor.  Reporter  to  Government. 

,,  List  of  Civil  Officers  holding  gazetted  appointments  under  the  Govern¬ 
ment  of  India  in  the  Homo,  Legislative,  and  Foreign  De¬ 
partments  on  1st  January  1879  (1879),  8vo,  Calcutta. 

Home  Department. 

,,  Selections  from  the  Records  of  the  Government  of  India,  Foreign  Depart¬ 
ment,  No.  154.  Report  on  the  Political  Administration  of 
the  territories  within  the  Central  India  Agency  for  1877-78 
(1879),  8vo,  Calcutta. 

Foreign  Department. 


The  Rajputana  Gazetteer,  Vol.  I  (1879),  8vo,  Calcutta. 

Foreign  Department. 
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— Trotter,  Capt.  W.  F. — Eeport  on  the  Administration  of  Jowai  for  the 
year  ending  31st  March  1878  (1878),  8vo,  Calcutta. 

Foreign  Department. 

,,  Walker,  Col.  J.  T. — Account  of  the  Operations  of  the  Great  Trigonomet¬ 
rical  Survey  of  India,  Vols.  II — IV  (1879),  4to,  Dehra 
Dun. 

SuRVETOR  General. 

,,  „  Major-Genl.  J.  T.,  and  Vanrenbn,  Major-Genl.  D.  C. — General 

Report  on  the  Survey  Operations  in  India  during  1877-78 
(1879),  flsc.,  Calcutta. 

StJEVETOR  General. 


TRAlSTSACTIOlSrS,  PROCEEDINGS,  &c.,  OF  SOCIETIES. 


Batavia. — Alphahetischo  Lijst  van  Land-,Zee-,Rivier-, Wind-,Storm  en  Andero 
Kaarten  (1873),  8vo,  Batavia. 


The  Society. 


Codicum  Arahicorum  in  Bibliotheca  Societatis  Artium  et  Scientiarum 
quai  Batavise  floret  Asservatorum  Catalogum  (1873),  8vo, 
Batavia. 

The  Society. 


Notulen  van  de  Algemeeno  en  Bestuurs-Vergadericgen  van  het  Bata- 
viaasch  Genootschap,  Deel  IX  (1871)  ;  X,  No.  4  (1872)  ; 
XI,  1—4  (1873)  ;  XII,  4  (1874) ;  XIII,  1—2  (1875) ;  XV, 

2— 4  (1877)  ;  XVI,  1—4  (1878),  (1871-78),  8vo,  Batavia. 

The  Society. 

Tijdschrift  voor  indische  Taal-Land-en  Volkerkunde,  Deel  XVIII, 

3- 4 ;  XX,  3-6  ;  XXI,  1-2  and  5-6 ;  XXII,  4-6 ;  XXIII,  1 ; 
XXIV,  4-6;  XXV,  1-2  (1871-79),  8vo,  Batavia. 

The  Society. 


>1 


Verhandelingen  van  het  Bataviaasch  Genootschap  van  kunsten  en 


Wetenschappen,  Deel 
8vo,  Batavia. 


XXXVII-XXXIX,  No.  1  (1875-77), 
The  Society. 


„  Vervolg  Catalogus  der  Bibliotheok  van  het  Bataviaasch  Genootschap 

(1872  and  1877),  8vo,  Batavia. 

The  Society. 

Belfast. — Proceedings  of  the  Belfast  Natural  History  and  Philosophical  Society 
for  1877-78  (1878),  8vo,  Belfast. 

The  Society. 

Berlin. — Monatsbericht  der  Konig.  Preuss.  Akad.  der  Wissenschaften  zu  Berlin. 

December  1878,  and  January  and  February  1879  (1879), 
8vo,  Berlin. 

The  Academy. 

„  Zeitschrift  fUr  die  Gesammten  Naturwissenschaften,  Band  III,  heft 
1-6  (1878),  8vo,  Berlin. 
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Bombay. — Journal  of  the  Bombay  Branch  of  the  Royal  Asiatic  Society,  Vol. 
XIV,  No.  36  (1879),  8vo,  Bombay. 

The  Society. 

Brussels. — Bulletin  de  la  Soci6t6  Beige  de  Geographie,  No.  6  (1878),  8to, 
Brussels. 

The  Society. 

Calcutta. — Journal  of  the  Agricultural  and  Horticultural  Society  of  India, 
New  Series,  Vol.  VI,  Pt.  1  (1879),  8to.,  Calcutta. 

The  Society. 

,,  Journal  of  the  Asiatic  Society  of  Bengal,  Vol.  XLVII,  Part  II, 
No.  4,  and  XL VIII,  Part  II,  No.  1  (1879),  8vo.  Calcutta. 

The  Society. 

„  Proceedings  of  the  Asiatic  Society  of  Bengal,  Nos.  II-IV  (1879),  8to, 
Calcutta. 

The  Society. 

„  Medlicott,  H  B.,  and  Blanford,  W.  T. — A  Manual  of  the  Geology 
of  India,  Parts  I  and  II,  and  Map  (1879),  8yo,  Calcutta. 

The  Geological  Survey. 

,,  Palaeontologia  Indica,  Series  XIII,  pt.  I  (1879),  4to,  Calcutta. 

The  Survey. 

„  Records  of  the  Geological  Survey  of  India,  Vol.  XII,  Part  2  (1879), 
8vo,  Calcutta. 

The  Survey. 

Copenhagen.— Oversigt  over  det  kong.  danske  Videnskabernes  Selskabs,  1878 
No.  2,  and  1879,  No.  1  (1879),  8vo,  Copenhagen. 

The  Academy. 

Dresden. — Schneider,  Dr.  Oscar. — Naturwissenschaftliche  Beitrage  zur  Kennt- 
niss  der  Kaukasuslander  (1878),  8vo,  Dresden. 

The  Academy. 

Sitzungs-berichte  der  Naturwissenschaftlichen  Gesellschaft  Isis  in 
Dresden,  Jahrg.  1878,  January  to  July  (1878),  8vo,  Dresden. 

The  Society. 

Edinburgh. — Proceedings  of  the  Royal  Society  of  Edinburgh,  Vol.  IX,  No.  100 
(1878),  8vo,  Edinburgh. 

The  Society. 

Transactions  of  the  Royal  Society  of  Edinburgh,  Vol.  XXVIII 
Part  2  (1878),  4to,  Edinburgh. 

The  Society. 

Frankfurt.  Abhandlungen  von  der  Senckenbergischcn  Naturforschenden  Gesell¬ 
schaft,  Band  XI,  heft  2-3,  (1878),  4to  Frankfurt. 

London.— Proceedings  of  the  Literary  and  Philosophical  Society  of  Liverpool, 
Vol.  XXXII  (1878),  8vo,  London. 


The  Society. 
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London. — Proceedings  of  the  Royal  Geographical  Society,  and  Monthly  Record 
of  Geography,  hiew  series,  Vol.  I,  Ros.  3-5  (1879),  8vo, 
London. 

“  Proceedings  of  the  Royal  Society  of  London,  Vol.  XXVIII,  Xos.  190 
to  193,  1878-79,  8vo,  London. 

The  Society. 

,,  Quarterly  Journal  of  the  Geological  Society  of  London,  Vol.  XXXV, 
Part  I,  No.  137  (1879),  8vo,  London. 

The  Society. 

„  Report  of  the  Council  of  the  Zoological  Society  of  London  for  1878 
(1879),  8to,  London. 

The  Society. 

Madrid. — Boletin  de  la  Sociodad  Geographica  de  Madrid,  Vol.  V,  Nos.  5-6 
(1878),  and  Vol.  VI,  Nos,  1-3  (1879),  (1878-79),  8to, 
Madrid. 

The  Society. 

Moscow. — Bulletin  de  la  Societe  Imperiale  des  Naturalistes,  Vol.  LIII,  No.  2 
(1878),  8vo,  Moscou. 

The  Society. 

Neuchatel. — Bulletin  de  la  Societ6  des  Sciences  Naturelles  de  Neuchatel, 
Vol.  XI,  pt.  2  (1878),  8vo,  Neuchatel. 

The  Society. 

Paris. — Bulletin  de  la  Society  Geologique  de  France,  3rd  Series,  Vol.  V,  No.  11, 
VI,  No.  5,  and  VII,  No.  1  (1878-79),  8vo,  Paris. 

The  Society. 


Philadelphia. — Journal  of  the  Franklin  Institute,  3rd  Series,  Vol.  LXXVII, 
Nos.  3-5  (1879),  8vo,  Philadelphia. 

The  Institlttb. 

Rome. — Atti  della  Reale  Accademia  dei  Lincei,  Series  III,  Transunti,  Vol.  Ill, 
pts.  3-5  (1879),  4to,  Rome. 

The  Academy. 


St.  Petersburg. — Bulletin  de  L’  Academie  Imperiale  des  Sciences  de  St. 

Petershourg,  Vol.  XXIV,  No.  4,  and  XXV,  Nos.  1-2  (1878), 
4to,  St.  Petershourg. 

The  Academy. 

Memoires  do  L’  Academie  Imperiale  des  Sciences,  7th  Series, 
Vol.  XXV,  Nos.  5-9,  and  XXVI,  Nos.  1-4  (1877-78),  4to, 
St.  Petershourg. 

The  Academy. 

Stuttgart. — Jahreshefte  des  Vcreins  fiir  Vaterliindische  Naturkunde  in  Wiirttem- 
horg,  Jahrg.  XXXV  (1879),  8vo,  Stuttgart. 

Tasmania. — Papers  and  Proceedings  and  Report  of  the  Royal  Society  of  Tas¬ 
mania  for  1877  (1878),  8vo,  Tasmania. 


The  Society. 
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Tdein. — Atti  della  R.  Accadomia  dello  Scienze  di  Torino,  Vol.  XIV,  Xos.  2 
and  3  (1879),  8vo,  Torino. 


The  Academy. 


Tdsoant. — Atti  della  Societa  Toscana  di  Scienze  Xaturali,  Pi’ocessi  Verbali, 
9tli  Marzo  1879  (1879),  8vo,  Tuscany. 


The  Society. 


V lENNA. — Denkschriften  der  kais.  Akademie  der  Wissenschaften,  Band  XXXV 
and  XXXVIll  (1878),  4to,  Wien. 

The  Academy. 


Sitzungsbericlito  der  kais.  Akademie  der  Wissenschaften,  Band  LXXVl, 
Abth.  I,  heft  1-5,  Abth.  II,  heft  2-5,  Abth.  Ill,  heft  1-5, 
Band  LXXYII,  Abth.  I,  heft  1-4,  Abth.  II,  heft  1-3,  and 
Register  zu  den  Baenden  65  bis  75  (1878),  8yo,  Wien. 

The  Academy. 


Yokohama. — Transactions  of  the  Asiatic  Society  of  Japan,  Vol.  I  (1874),  to 
VI,  3  (1878),  and  VII,  1  and  2  (1879),  (1874-79),  8yo, 
Yokohama. 


The  Society. 


MAPS. 

Carta  Geologica  de  Portugal  (1876). 


Jiine  SOtli,  1879. 


Sex  Carlos  Ribeiro. 


RECORDS 
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Part  4.]  1879.  [November. 


Note  on  the  “  Attock  slates  ”  and  their  probable  geological  position,  hy 

Dr.  W.  Waagen. 

In  the  Records  of  the  Geological  Survey  of  India,  Vol.  XII,  pt.  2,  there 
is  a  paper  hy  Mr.  Wynne,  entitled  “  Further  notes  on  the  geology  of  the 
tipper  Punjab,”  which  bears  a  special  interest  on  aceount  of  the  general 
views  on  the  geology  of  that  country.  As  many  of  the  points  treated  of  in 
the  paper  are  yet  to  be  considered  as  open  questions,  it  seems  not  advisable  to 
pronounce  any  opinion  on  them  until  further  materials  have  been  collected,  but 
it  may  not  be  useless  to  notice  some  points  which  might  be  of  value  towards 
the  elucidation  of  the  questions  discussed  by  Mr.  Wynne. 

There  is  before  all  the  age  of  the  “  Attock  slates.”  Mr.  Wynne  is  quite 
right  when  he  considers  the  evidence  upon  which  the  opinion  of  their  being  of 
Silurian  age  is  founded  very  scanty  indeed  ;  and  only  the  absence  of  any  other 
clue  towards  the  determination  of  the  age  of  those  slates  could  at  the  time  jus¬ 
tify  the  opinion  expressed  in  our  joint  memoir  on  Mount  Sirban,  that  the  oc¬ 
currence  of  lower  Silurian  fossils  in  gravels  in  the  Kabul  river,  which  lay  approxi¬ 
mately  in  the  strike  of  the  “  Attock  slates,”  would  make  a  silurian  age  probable 
also  for  the  latter. 

It  is  very  much  to  be  regretted  that  to  the  careful  search  of  Mr.  Wynne  the 
slates  have  proved  absolutely  unfossi lifer ous  up  to  the  present.  Yet  this  sterility 
in  fossils  seems  not  to  prevail  at  all  localities.  Among  the  materials  which  have 
been  most  liberally  sent  to  me  by  the  Geological  Society  of  London,  there  are 
about  a  dozen  speeimens  of  a  Spirifer,  which  bear,  however,  only  the  label 
“  Punjab.”  These  specimens  are  preserved  in  a  black  slate,  which,  if  the  speci¬ 
mens  came  really  from  the  Punjab, — and  there  is  no  reason  why  this  should  be 
doubted, — must  have  belonged  to  the  Attock  slates,  as  there  is  no  other  rock 
known  to  mo  in  that  part  of  India  which  would  bear  similar  petrographical 
characters,  and  from  which  the  specimens  could  have  come. 
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Tliongh  tliese  fossils  are  more  or  less  deformed  by  oblique  pressure,  yet  tbe 
species  can  without  difficulty  be  determined.  All  the  specimens  belong  to  one 
and  the  same  species,  and  cannot  be  distinguished  from  Spirifor  Iteilhavi,  Buch., 
(Sp.  BajaJi,  Salt.).  As  this  species  is  one  of  those  mo.st  characteristic  of  the 
carboniferous  formation  in  the  Himalaya,  and  as  thus  the  determination  of  the 
age  of  the  rocks  from  Avhich  these  fossils  came  considerably  differs  from  the  age 
hitherto  attiibuted  to  the  Attock  slates,  it  is  necessary  to  be  doubly  cautious  in 
accepting  the  current  opinion  regarding  these  slates. 

The  rock  in  which  the  fossils  are  proserved  is,  as  stated  abore,  a  black,  not 
very  hard  slate,  such  as  I  have  seen  to  occur  at  many  places  in  the  Attock  slates  ; 
but  thei’e  are  also  outside  of  the  Punjab  some  localities  where  similar  slates 
occur.  I  have  myself  seen  similar  slates  from  the  Milam  pass  -which  seem  also 
to  belong  to  the  carboniferous  formation,  and  seem  to  be  there  inferior  to  white 
limestones,  also  full  of  carboniferous  fossils,  the  latter,  however,  of  a  much  more 
recent  type.  Similar  slates  have  been  described  by  Lydekker  from  Eishmakam 
in  Kashmir,  whilst  at  other  places  in  the  same  territory  the  carboniferous  fonn- 
ation  is  composed  nearly  entirely  of  thick  limestones.  The  slates  of  Eishmakam 
have  been  compared  by  Lydekker  to  the  “  Kiol  group  ”  and  the  limestones  to 
the  “  Great  limestone  ”  of  the  outer  Himalaya.  Thus  it  might  be  very  possible 
that  in  the  Himalaya  the  carboniferous  formation  should  present  two  sub-di-vi- 
sions,  one  older  slaty,  and  one  younger  calcareous  sub-division.  This,  however, 
does  not  prevent  that  at  many  localities  the  whole  formation  might  be  made  up  of 
massive  limestones. 

If,  therefore,  the  fossils  under  consideration  did  not  come  from  the  Punjab, 
they  might  have  come  from  several  parts  of  the  Himalaya.  There  is,  however, 
no  reason  to  doubt  their  coming  from  the  Punjab.  There  exists  in  the  Punjab 
a  great  amount  of  rocks  perfectly  similar  in  appearance  to  the  rock  in  which 
the  specimens  occur,  and  if  those  rocks  up  to  the  present  have  proved  apparently 
unfossiliferons,  this  does  not  exclude  the  possibility  that  there  exist  localities 
■where  fossils  do  occur.  That  all  these  fossils  belong  only  to  one  species  already 
goes  far  to  prove  that  the  slates  containing  them  are  not  \mry  rich  in  fossils. 
How  much  it  depends  on  circumstances  whether  one  does  meet  Avith  certain 
fossils  is  also  exemplified  by  the  fact  that  I  as  well  as  Mr.  Wynne  have  been 
searching  in  A-ain  in  the  Salt-range  for  determinable  plant  remains,  and  yet  there 
are  several  beautifully  presoiwed  plant  remains  from  the  Salt-range  in  the  Geo¬ 
logical  Society’s  collection. 

Thus  Ave  may  fairly  accept  the  indications  of  the  label  attached  to  these 
specimens  of  Spirif.  Tceilliavi  as  correct ;  and  from  this  it  would  follow,  that  the 
Attock  slates  will  have  to  be  considered  in  future  as  belonging  very  likely  to  the 
carboniferous  period. 

If  we  accept  this  view,  one  of  Mr.  Wynne’s  remarks  becomes  of  special  im¬ 
portance  ;  this  is  that  the  limestones  of  Gandgarh  remind  one  more  or  less  of 
the  great  limestone  of  the  J amu  hills.  This  Avould  fit  entirely  into  the  state  of 
things  observed  elsewhere,  and  the  discrepancy,  at  least  in  the  carboniferous 
formation,  betAveen  Kashmir,  damn,  and  Hazara  would  no  longer  be  so  striking 
as  is  supposed  by  Mr.  Wynne.  These  limestones  are  entirely  absent  in  the 
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neiglibourliood  of  Mount  Sirban,  and  tliis  absence  possibly  might  account  for 
tbe  marked  unconformity  there  between  the  Attock  slates  and  the  more  recent 
formations. 

But  also  for  these  latter  the  determination  of  the  Attock  slates  as  of  car¬ 
boniferous  age  would  have  a  deciding  influence,  as  then  the  geological  horizon 
they  occupy  might  aj)proximately  be  fixed.  In  the  little  memoir  on  Mount 
Sirban,  Mr.  Wynne  and  I  have  distinguished  a  group  of  rocks  as  “  Below  the 
Trias,”  consisting  chiefly  of  cherty  dolomite,  to  which  arc  subordinate  red 
sandstones  and  quartzites.  We  have  separated  these  rocks  from  the  Trias  for 
the  simple  reason  that  there  existed  no  proof  of  any  kind  that  they  belonged  to 
that  formation,  and  as  we  then  considered  the  Attock  slates  as  of  Silurian  age, 
the  number  of  formations  to  which  those  strata  “  Below  the  Trias  could  have 
been  assigned,  was  so  very  large,  that  it  seemed  only  prudent  not  to  express 
any  definite  opinion  as  to  their  age.  Now  the  case  is  quite  different:  these  beds 
would  rest  unconformably  on  the  carboniferous  Attock  slates,  and  bo  succeeded 
conformably  by  upper  triassic  or  rhastio  strata  ;  thus  it  becomes  very  probable 
that  the  strata  “  Below  the  Trias  ”  represent  the  Lower  Trias,  viz.,  Muschel- 
kalk  and  Buntsandstein  formations. 

In  his  more  recent  memoirs  Mr.  Wynne  introduces  the  designation  of  ‘  Infra- 
triassic  group  ”  for  these  strata,  and  most  recently  he  considers  this  group  as 
identical  ■with  his  “  Tanol  series,”  which  is  extensively  developed  in  the  northern 
part  of  Hazara;  but  such  a  homotaxis  can  hardly  be  maintained.  Wynne’s 
“Infra-triassic  group,”  or  the  group  “  Below  the  Trias  of  our  joint  memoir  on 
Mount  Sirban,  consists  chiefly  of  cherty  dolomites,  and  exhibits  sandstones 
and  quartzites  in  a  subordinate  manner  only,  whilst  according  to  the  sections 
published  by  Mr.  Wynne,  the  Tanol  series  consists  chiefly  of  slates,  sandstones, 
and  quartzites,  to  which  the  dolomitic  limestones  are  subordinate. 

Besides  this  the  thickness  of  the  group  “Below  the  Trias  and  that  of  the 
Tanols  is  so  enormously  different  that  a  comparison  between  the  two  is  bai’ely 
possible. 

The  only  formation  to  which  the  Tanol  series  seems  to  bear  some  resemblance 
is  the  silurian  of  the  more  central  parts  of  the  Himalaya  (Milam  pass,  Niti 
pass),  where  the  fossiliferous  beds  consist  also  of  white  sandstones. 

The  apparent  superposition  of  these  Tanol  rocks  over  the  carboniferous 
Attock  slates  can  be  no  reason  for  the  rejection  of  such  a  parallelisation.  Before 
it  is  possible  to  accept  Wynne’s  view  that  the  Tanols  are  more  recent  than  the 
Attock  slates,  and  pass  ujnvards  into  the  gneiss  which  composes  the  central 
Himalayan  chains,  much  stronger  proofs,  stratigraphical  as  well  as  palasontolo- 
gical,  than  those  published  in  his  memoir  must  be  adduced ;  and  until  decisive 
materials  are  available,  it  will  be  much  more  prudent  to  consider  the  whole  silurian 
Tanol  series  as  overthrown  and  faulted  against  the  Attock  slates.  Then  the 
riddles  of  the  geology  of  Hazara  will  easily  be  solved. 
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On  a  marginal  bone  of  an  undesceibed  tortoise,  from  the  Upper  Siwaliks, 
NEAR  Nila,  in  the  Potwae,  Punjab,  hy  W.  Theobald,  Geological  Survey  of 
India, 

The  bone  which  forms  the  subject  of  the  present  remarks,  and  of  which  a 
figure  of  the  natural  size  is  given,  is  remarkable  for  exhibiting  a  structural  adapt¬ 
ation  which  exists  in  no  living  species,  and,  so  far  as  I  am  aware,  has  not  yet  been 
described  in  any  fossil.  It  will  be  necessary,  therefore,  to  refer  it  to  a  new  genus 
which  I  propose  to  associate  with  the  name  of  the  illustrious  fellow-worker  of 
Falconer,  Colonel  Cautley,  and  characterize  as  follows : — 

Cautleta. 

Genus  Emydinorum,  novum,  in  quo  sternum,  et  thorax,  et  ossa  marginalia, 
sutura  tripartite  cartilagine&  junguntur,  sectionem  morsum  hirudinis  simul- 
antem  monstrante. 

The  above  character  suffices  to  demonstrate  the  distinctness  of  the  species 
under  consideration  from  any  previously  described,  and  the  specific  designation 
is  derived  from  the  most  prominent  character  of  the  animal  as  yet  known,  and 
in  the  annular  arrangement  of  the  marginal  hones. 

C.  ANNULIGEK,  n.  S. 

The  marginal  hone,  whereon  I  base  the  above  genus  and  species  (and  which, 
except  a  slight  fi-acture  at  one  corner,  is  perfect),  is  trapezoidal  in  shape  and 
cuneiform  in  section.  It  presents  an  upper  and  under  surface,  respectively  slightly 
concave  and  convex,  which  were  shown  to  have  been  external  surfaces  by  the 
clearly  marked  fm-row  which  traverses  them,  and  indicates  the  junction  of  the 
superficial  or  dermal  scutes  (fig.  1,  a  h,  fig.  2,  cd).  The  hone  is  hounded  laterally 
by  a  jagged  sutural  surface,  whereby  a  complete  and  rigid  bony  union  was 
effected  between  it  and  the  adjoining  marginals,  which  must  have  constituted 
an  encircling  bony  ring  of  an  extremely  rigid  character,  from  the  great  horizontal 
breadth  of  the  hones  in  question.  The  peculiar  and  characteristic  feature,  how¬ 
ever,  of  the  bone  lies  in  its  internal  margin  (fig.  3,  efg)  which  displays  a  smooth 
surface,  indicating  a  cartilaginous  union  only,  with  the  bones  of  the  sternum  and 
thorax.  This  inner  marginal  surface  is  obscurely  divided  into  two  areas  of 
unequal  breadth,  of  which  the  lower  is  broader  and  opposed  to  the  sternal  plate, 
whilst  the  upper  and  narrower  surface  receives  the  thrust  of  the  bones  of  the 
thorax.  The  thorax  and  sternum  were  no  doubt  united  by  a  cartilaginous  suture, 
as  a  cartilaginous  junction  with  the  marginal  is  opposed  to  the  idea  of  a  rigid  bony 
union  between  the  bones  in  immediate  contact  with  them,  since  a  rigidly  anchylosed 
bony  ring  united  only  by  cartilage  to  bones  themselves  joined  by  a  bony  suture, 
could  lend  no  additional  strength,  though  it  undoubtedly  would  do  so  supposing 
it  to  cover  and  defend  a  cartilaginous  union  of  the  sternal  and  thoracal  bones. 

The  length  of  the  external  margin  is  5'0  inches,  w'hich  indicates  approximately 
an  animal  close  on  10  feet  in  circumference.  The  condition  of  the  suture  shows 
that  the  individual  was  not  of  full  age,  and  12  or  14  feet  may  probably  be  assumed 


J.  S  c’haumbur^'.L'ith?-, 


Pi'mtea  at  G-eol'.  Survey  Office 


PAllT  4.] 


187 


Foote :  Geology  of  North  Arcot  Didrict. 

as  not  an  over  estimate  of  the  dimensions  of  the  fully  adult  animal,  whieh  pro¬ 
bably  exceeded  the  dimensions  of  the  largest  CMtra,  though  our  positive  knowledge 
of  the  precise  limits  attained  by  our  living  Chclonian  is  singularly  meagre  and 
limited.  That  Gautleyawas  an  aquatic  species  may  be  inferred  from  the  cartilaginous 
union  of  the  bones  of  its  case,  which  in  living  species  is  seen  in  such  fluviatile  forms 
as  Guora  and  Gijdemys  and  is  unknown  in  terrestrial  forms.  The  opposite  ex¬ 
clusion,  however,  among  Chclonia  cannot  be  dra^vn  from  the  complete  ossification 
of  the  body  case,  as  Batagur  and  its  allies  are  possessed  of  as  completely  ossified  a 
case,  though  strictly  aquatic,  as  Testudo,  which  is  entirely  terrestrial. 

The  specimen  was  obtained  near  Nila,  on  the  Sohan  river,  in  the  Rawal¬ 
pindi  district,  in  upper  Siwalik  strata,  and  in  company  with  remains  of  Mastodon 
perimensis,  F.  et  C.,  M.  pandioms,  F.,  Piilceopitliecus  sivaleusis,  Lyd.,  Aoerwtheiiwn 
perimense,  F.  et  C.,  and  other  Siwalik  fossils. 

Among  the  collection  from  the  same  locality  are  fragments  of  a  largo  Testu- 
dine,  exceeding  in  size  the  living  Mcinouria.  They  consist  of  one  anchylosed 
pair  of  episternal  bones,  with  a  transverse  diameter  of  S'S  inches  (allowing  for 
a  slight  fracture)  ;  a  single  right  episternal  bone  of  a  rather  larger  size,  2'5  inches 
thick  and  6-25  long,  and  a  free  marginal  (that  is,  one  anchylosed  to  the  thorax 
only)  3-8  broad  and  4-6 long  (measuring  from  the  outer  margin). 

These  bones  would  indicate  an  animal  nearly  as  large  as  the  last,  and  probably 
fully  equal  to  it  in  bulk.  At  present,  howmver  (with  no  other  materials),  it  seems 
undesirable  to  give  it  a  name. 


Sketch  of  the  Geology  of  North  Arcot  District,  ly  R.  Bruce  Foote,  F.G.S., 

Geological  Survey  of  India. 

The  North  Arcot  District,  one  of  the  purely  inland  districts  of  the  Madras 
Presidency,  is  topographically  characterized  by  its  great 
Topography.  irregularity  of  surface.  Except  in  its  south-eastern 

quarter,  the  district  is  extremely  hilly  and  in  some  parts  quite  mountainous.  In 
the  west  and  north-west  it  embraces  a  considerable  part  of  the  high  and  rugged 
eastern  scarp  of  the  great  Mysore  plateau,  from  which  many  long  spurs  jut  out 
far  to  the  eastw'ard.  In  the  south-west  it  includes  the  northern  end  of  the 
Javadi  mountains  and  the  Vellore  hills.  In  the  north  it  includes  the  W'ell  known 
Tripatti  mountains,  the  “  sacred  hills  of  Trippetty,”  and  the  southern  extremity 
of  the  Vcllakonda  (Eastern  GhMs  so-called).  The  north-eastern  corner  of  the 
district  contains  the  N agari  mountains ;  and  three  gi-oups  of  low^er  hills,  the 
Sattavedu,  Alikur,  and  Naikenpalem  hills,  on  the  extreme  eastern  border  of  the 
district,  and  a  considerable  number  of  detached  hills  in  the  gneissie  country  west 
of  the  Madi-as  railway.  Some  of  these  latter,  as  the  Maddur  (Jluddoor),  Sholin- 
ghur,  and  Makrs  Drug  hills,  and  others,  are  of  considerable  height  and  extent. 
In  the  south-east  of  the  district  only  two  detached  hills  need  be  named,  those  of 
Wandiwash  and  Chitpat  (Ohittapett). 
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Hydrology. 


The  hydrology  of  the  district  is  very  simple,  all  the  drainage  falling  into  the 
Bay  of  Bengal  and  chiefly  by  the  Palnr  river,  which,  rising 
on  the  Mysore  jolateau,  drains  the  whole  southern  half  and 
greater  pai't  of  the  centre  and  west  of  the  district.  The  north-eastern  part  feeds 
the  Koi'teliar  and  Nagari  (Naggory)  rivers,  and  also  the  hTarnavaram  and  Suvar- 
namnkhi  (Soornamookey). 

The  geological  formations  met  with  in  this  district  may  be  conveniently 
classified  into  six  groups,  wdiich  may  bo  arranged  in  their 
true  order  of  suiJerposition  as  follows  : — 


Formations. 


Recent  and 
TIAEY. 

Mesozoic 

Azoic 


POST-TEK- 


a; 


Soils  and  subacrial  deposits. 

Alluvial  deposits ;  fluviatllo. 

Lateritic  sands,  gravels,  and  conglomerates. 

Upper  Gondvvana  series,  Kajniahal  or  “plant”  beds. 
Kadapa  series. 

Gnoissio  series,  witli  intrusive  trapipean  and  granitic  rocks. 


Gncissic  series. 


The  gneissic  series,  which  forms  the  basement  on  which  rest  all  the  other  rocks, 
General  distribution  of  occupies  by  far  the  larger  part  of  the  whole  area  of  the 
the  rocks.  district,  and  it  is  only  in  the  north-eastern  and  eastern 

parts  that  younger  rocks  occur.  The  gneissic  rocks  include  all  the  western  part 
of  the  disti’ict,  and  form  the  rugged  eastern  scarp  of  the 
Mysore  plateau  ah’eady  referred  to  (p.  187).  Eastward  of 
the  plateau,  are  numerous  spurs  stretching  away  from  it,  and  eastward  of  these 
asain  are  numerous  clusters  of  detached  hills,  some  of  considerable  size  and  eleva- 
tion,  and  remarkable  for  their  bold  forms  and  great  ruggodness.  These  ocenpy 
the  gneiss  area  up  to  the  very  convenient  geograjihical  line  formed  by  the  north¬ 
west  line  of  the  Madras  railway,  eastward  of  which  the  gneissic  rocks  soon  dis¬ 
appear  under  neivor  formations,  to  be  referred  to  separately  further  on.  The 
o-ncissic  area  south  of  the  P41ar  shows  the  northern  end  of  the  Javadi  mountains 

O 

and  the  hills  east  and  south-east  of  Vellore.  Further  to  the  south-east  the  gneiss 
area  becomes  comparatively  flat,  and  no  hills  of  any  importance  rise  from  its 
surface,  the  two  hills  of  Wandiwash  and  Chitpat  (Chittapett)  excejited,  which 
have  already  been  named. 

Returning  to  the  north  of  the  Palar,  the  gneissic  rocks  are  overlaid  by  great 
masses  of  quartzite  and  conglomerate  belonging  to  the 
Kadapa  series,  which  form  the  greater  part  of  the 
detached  mountains  collectively  known  as  the  Kagari  mountains.  The  south  end 
of  the  Vellakonda  and  the  sacred  hills  of  Tripatti  to  the  north  are  also  formed 
of  rocks  belonging  to  the  same  sub-division  of  the  Kadapa  series. 

The  tremendous  lines  of  scarp  and  often  vertical  cliffs  surrounding  in  many 
parts  the  Kagari  and  Trijiatti  mountains  give  a  peculiar  and  grand  character  to 
the  local  landscape. 

South-eastward  of  the  Nagari  mountains  lie  the  three  hill  groups  before  men¬ 
tioned  (p.  187),  viz.,  the  Sattavedu,  Alikur  (Allcoor),  and 
Upper  Gond«  ana  rocks.  Naikenpalem  hills,  consisting  of  great  beds  of  hard  con¬ 

glomerates  and  sandstones  in  the  Sattavedu  and  the  eastern  half  of  the  Alikur 
hills,  and  of  uncompacted  conglomerates,  clays  and  shales  in  the  western  half  of 


Kadapa  series. 
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Alluvial  formations. 


the  Alikur  hills  and  the  N’aikenpalem  group.  Some  of  the.se  beds  are  fossil!- 
ferous,  and  the  fossils  show  them  to  belong  to  the  upper  division  of  the  great 
Gondwana  system,  which  includes  all  the  plant-bearing  bed.9  in  the  peninsular 
area.  The  fossils  agree  in  many  cases,  specially  with  those  found  in  the  liajmahal 
beds  of  Bengal. 

South  of  the  Naikenpalem  hills  are  other  outcrops  of  the  “  plant  beds  ”  lying 
between  the  ISTagari  river  and  the  Kortelliar.  South  of  those  again  and  south 
also  of  the  Paliir,  the  Upper  Gondwanas  re-appcar  in  a  considerable  number  of 
small  patches  dotted  over  the  surface  of  the  eastern  part  of  the  gneissic  area  in 
the  Arcot  taluq. 

Much  of  the  surface  of  the  “  plant  beds  ”  is  masked  by  lateritic  deposits,  which 
overlap  also  in  many  places  on  to  the  gneiss.  They  do 

Lateritic  rocts.  cover  much  ground  in  North  Arcot.  One  of  the  upper¬ 

most  places  in  the  superposition  of  the  rocks,  but  the  lowest  in  point  of  elevation 
over  the  sea  level,  is  occupied  by  the  alluvial  formations, 
which  are  all  fluviatile.  Although  of  very  limited  extent, 
they  yet  offer  some  points  of  considerable  interest. 

The  soils  are  of  no  special  interest,  but  among  the  subaerial  deposits,  the  enor¬ 
mous  masses  of  talus  which  surround  the  mountains  in  the  north-eastern  part  of 
the  district  are  remarkable. 

But  very  little  had  been  written  on  the  geology  of  North  Arcot  before  it  was 
taken  up  systematically  by  the  officers  of  the  Geological 
Pievious  observers.  Survey  Department.  Dr.  Buchanan  and  Dr.  Benza  had 

given  short  notes  on  the  geology  of  the  country  along  the  Madras-Bangalore 
road  between  Arcot  and  the  Mysore  frontier,  and  Lieutenant  (afterwards  Colonel) 
Baird  Smith,  of  the  Engineers,  had  published  a  paper  “  on  the  crystalline  structure 
of  the  trap  dykes  in  sienite  of  Amboor,”  entering  elaborately  into  the  questions 
connected  with  the  formation  of  such  rocks. 

The  geological  survey  of  the  district  was  taken  up  in  18G3  and  continued  in 
the  years  1864  and  1865,  the  woi-k  being  undertaken 
The  Geological  Smvey.  ^  Oldham,  hlr.  W.  King,  and  the  author. 

About  two-thirds  of  the  district  was  surveyed,  the  greatest  part  being  done  by 
Mr.  Oldham,  who  examined  the  south-eastern  and  central  parts,  while  Mr.  King 
surveyed  the  north-w'cstern  corner.  The  eastern  pai’t  north  of  the  Palar,  and 
the  Vellore  and  part  of  the  Gudiattam  (Goriattirm)  taluqs  in  the  south-western 
corner  of  the  district,  were  surveyed  by  the  author. 

The  Chittur,  Palamaner,  part  of  the  Gudiattam  taluqs,  and  the  Punganur 
zemindari,  though  not  surveyed,  were  traversed  in  several  directions  by  Mr,  0.  AH. 
Oldham  and  the  author,  and  sufficient  is  known  of  them  to  form  an  idea  of  their 
general  geological  features. 

Of  the  information  gained  by  the  geological  survey  part  only  has  been 
,  hitherto  published.  So  much  of  the  eastern  part  of  the 
Its  results  how  published,  within  the  eastern  half  of  sheet  78  of  the 

Indian  Atlas  has  been  illustrated  in  a  geologically  colored  copy  of  that  half  .sheet 
printed  in  1872.  The  features  of  the  northernmost  part  of  the  district,  including 
the  Tripatti  and  Nagari  (Naggery)  hills,  were  shown  in  the  small-scale  general 
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map  of  tlic  region  occupied  by  tlie  Kada23a  and  Karntil  rocks,  published  with  ]\Ir. 
King’s  memoir  on  those  rocks  in  1872,'  and  the  component  rocks  described  in 
that  memoir. 

Of  the  country  illustrated  in  the  geological  edition  of  sheet  78  (eastern  half), 
only  part  Inis  been  described  in  any  of  the  publications  of  the  Geological  Survey 
hitherto  issued. 

The  part  described  included  the  south-eastern  half  of  the  Wallajah  taluq, 
the  eastern  part  of  the  Karvet  Nagar  zemindari,  and  the  south-eastern  part  of  the 
Calask’i  zemindari ;  the  description  of  these  was  given  in  a  Memoir  by  the  author 
published  in  1873.®  Brief  references  tp  the  three  tracts  Just  named  and  to  the  K agari 
region  had  been  published  rather  earlier  by  Mr.  King  and  the  author  in  two 
papers  in  the  Records  of  the  Geological  Survey  of  India,  under  the  respective 
titles,  “  On  the  Kuddapah  and  Kuniool Formations ”  (1869),  and  “  Notes  on  the 
Geology  of  the  neighbourhood  of  Madras”  (1870).  Some  of  the  geological  features 
of  the  North  Arcot  country  wore  also  referred  to  in  a  paper  “  On  the  occurrence 
of  stone  implements  in  the  formations  in  various  joarts  of  the  Madras  and  North 
Arcot  districts,”  published  in  the  Madras  Journal  of  Literature  and  Science  for 
1866  by  the  author,  with  notes  by  Mr.  King.  The  same  and  some  other  geolo¬ 
gical  features  of  the  North  Arcot  country  were  touched  upon  in  another  paper 
“  On  the  distribution  of  stone  imj^lements  in  Southern  India,”  read  by  the  author 
before  the  Geological  Society  of  London  in  1868  and  jraklished  in  the  Society’s 
Journal  for  the  same  year. 

The  Memoir  “  On  the  Geology  of  parts  of  the  Madras  and  North  Arcot  districts,” 
&c.,®  above  quoted  gave  a  rather  full  account  of  the  Upper  Gondwana  and  over- 
lying  lateritic  rocks  in  the  Arcot  district,  as  also  of  the  alluvial  valleys  of  the 
Nagari  and  Narnavaram  rivers.  The  information  there  given  will  be  repeated 
in  a  somewhat  condensed  form  in  these  pages,  together  with  a  good  deal  of  new 
matter  not  yet  published,  owing  partly  to  the  non- completion  of  the  survey  of  the 
district,  but  mainly  to  the  premature  decease  of  Mr.  Charles  AH.  Oldham. 

The  only  geological  map)  on  which  North  Arcot  had  been  represented  on  an 
intelligible  scale  prior  to  the  publication  of  the  geological  edition  of  sheet  78  was 
Greenough’s  general  geological  sketch  map  of  India,  published  in  1854,  a  laborious 
but  in  many  respects  untrustworthy  compiilation.  The  features  of  the  North 
Arcot  country  are  laid  down  very  incorrectly  in  this  map,  the  data  from  -which  it 
was  compiled  being  utterly  insufficient  for  the  purpiose. 

The  older  rocks  of  the  district  being  in  great  measure  the  source  whence  the 
materials  for  the  formation  of  the  newer  ones  were  derived,  it  will  be  most 
convenient  to  describe  the  several  groupis  recognized  in  their  ascending  order  of 
sequence. 

*  Memoirs  Geological  Survey  of  India,  Vol.  VIII. 

2  Memoirs  Geological  Survey  of  India,  Vol.  X,  pt.  1 :  “  On  tLe  geology  of  parts  of  the  Madras 

and  North  Arcot  districts  lying  north  of  the  Palar  river  and  included  in  sheet  78  of  the  Indian 
Atlas.” 

^  Memoirs  Geological  Survey  of  India,  Vol.  X,  pt.  1. 
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Group  I. — The  MetamorpMe  or  Gneissic  rods. 


It  has  already  been  pointed  out  that  the  rocks  belonging  to  this  group  occupy 
by  far  the  greatest  part  of  the  whole  district.  The  predominant  varieties  are 
the  massive  obscurely  bedded  ones  known  among  geologists  as  granite-gneiss  and 
syenite-gneiss.  The  well-bedded  flne-gTained  schistose  varieties  are  much  less 
frequently  met  with  than  in  other  parts  of  the  great  gneissic  region,  as  in  the 
Trichinopoly,  Salem,  Madras,  and  Nellore  districts,  but  they  do  appear  locally 
among  the  coarse  granitoid  varieties,  and  occurrences  of  them  will  be  described 


further  on. 

As  in  all  the  gneissic  regions,  the  rocks  show  abundant  signs  of  having  been 
much  disturbed,  contorted  and  uptilted  since  their  original  deposition,  and 
finally  forced  into  series  of  great  synclinal  and  anticlinal  foldings,  the  edges  of 
which  may  in  some  cases  be  easily  traced  along  great  distances. 

A  study  of  the  direction  of  the  edges  or  outcrops  of  the  beds,  technically 
called  the  “strike”  of  the  bedding,  shows  that  in  the 

Prevalent  strike.  south-eastern  part  of  the  district  the  beds  have  a  strike 
from  south-south-west  to  north-noi’th-east,  but  as  they  are  traced  northward  they 
are  found  to  trend  till  they  run  north-south,  which  is  the  prevailing  strike  in  the 
central  parts  of  the  district.  If  followed  into  the  extreme  northern  part,  they 
will  be  found  to  have  trended  to  north-north-west.  This  change  in  the  strike  is 
part  of  a  great  curve  formed  by  the  metamorphic  rocks  in  the  latitude  of  Madras, 


and  affecting  the  whole  gneissic  series  eastward  of  the  Mysore  plateau. 

In  describing  the  genei-al  appearance  of  the  central  part  of  the  district,  Mr. 
Oldham  in  his  notes  remarks  very  aptly :  “  Speaking  generally,  the  whole  area 
might  be  said  to  be  one  of  quartzo-felspathic  gneiss,  commonly  syenitoid  or  grani¬ 
toid.”  “  When,  however,  I  say  qnartzo-felspathic,  I  do  not  mean  to  imply  that  these 
minerals  only  constitute  the  rock,  but  that  they  preponderate  largely,  and  that 
the  hornblende  and  mica  which  also  enter  into  its  composition  play  a  very  subordi¬ 
nate  part,  except  in  occasional  bands.”  These  remarks  apply  equally  well  to  the 
general  features  of  the  rugged  flanks  of  the  plateau  edge  as  seen  in  the  Sainegunta 
and  Mugli  Ghats  and  at  Satghur,  and  to  the  whole  western  part  of  the  district  in 
fact.  They  apply  also  fully  to  the  gneiss  of  the  eastern  side  of  the  district  north 
of  the  Palar,  but  less  so  to  the  rooks  of  the  south-eastern  talnqs.  Here  and 
around  Vellore  the  well  bedded  varieties  are  rather  more  largely  developed,  and 


they  are  much  less  largely  quartzo-felspathic  in  constitution. 

Commencing  in  the  western  part  of  the  gneissic  area,  the  eastern  edge  of  the 
Mysore  plateau  consists  mainly  of  coarse  granitoid  gneiss,  which  is  well  seen  in  the 
bills  west  of  Ambur,  at  Satghur,  and  thence  generally  on  the  Sainegunta  and 
Mugli  Ghats  leading  to  Palamaner,  all  around  that  place  and  northward  of  it, 
very  conspicuously  in  the  Gam  Kondas  and  other  hills  stretching  away  to  Avul- 
pilli  Drug.  The  same  description  applies  to  the  whole  of  the  country  between 
Vellore  and  Chittur,  and  to  the  very  hilly  tract  lying  betweem  the  Poiney  river  and 
the  Madras  railway.  East  of  the  railway  too  the  granitoid  gneiss  extends  under 
the  younger  Kadapa  and  Gondwana  rock  series. 

In  the  southern  part  of  the  gneissic  area,  forming  the  northern  end  of  the 
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Javacli  mountains,  are  great  bands  of  granitoid  gneiss,  some  of  them  remarkable 
for  their  coarseness  of  texture,  -which  is  blotchy  and  often  markedly  porphyritic, 
e.  g.,  the  rock  forming  the  mass  of  the  Palikonda  (Policondah)  mountain  and  of 
the  Vaniambiidi*  trigonometrical  station  hill,  some  three  or  four  miles  to  the  south- 
south-east.  Similar  “blotchy”  gneiss  is  of  very  common  occurrence  elsewhere. 
In  the  Palikonda  hill  the  rock  is  of  a  hornblendic  variety,  and  of  grey  color. 

A  remarkably  handsome  vaiioty  of  porphyritic  hornblendic  granite  gneiss  of 
rich  green  and  pink  colors  occurs  at  the  western  base  of  the  Nagari  (Kaggery) 
Nose  mountain,  and  is  exposed  in  several  cuttings  along  the  Madras  railway 
(north'-west  line).  Masses  and  boulders  of  this  variety  are  to  be  seen  included 
in  large  number’s  in  the  basement  conglomerate  of  the  Upper  Goudwana  rocks  in 
the  Pyanur  area  south  of  the  Nagari  river. 

The  contrast  between  the  rich  dark-green  hornblendic  matrix  and  the  large 
pink  or  salmon-colored  crystals  of  orthoclaso  makes  the  rock  a  very  handsome 
example  of  a  typical  porpbyi’itic  granite  gneiss. 

A  by  no  means  uncommon  fo»’m  of  the  granite  gneiss  is  one  in  which  the  beds 
Quasi  “  breociated  ”  include  masses  of  what  apf)ears  to  be  an  older  gneiss, 
gneisa.  sometimes  micaceous,  sometimes  hornblendic.  The  in¬ 

cluded  masses  present  generally  sub-angular  forms,  but  others  are  well  rounded, 
as  if  they  had  been  boulders,  and  others  again  unquestionably  angular,  so  that 
the  mass  looks  sometimes  conglomeratic,  sometimes  breccioid.  In  other  places 
again,  and  often  within  the  same  beds  and  at  no  great  distance,  the  inclusions  have 
the  .appearance  of  having  been  altered  by  concretionary  segregation.  The  in¬ 
cluded  masses  are  mostly  of  finer  gi-ain  and  of  more  highly  micaceous  or  horn¬ 
blendic  character  than  the  surrounding  masses.  There  can  be  little  doubt  that 
in  some  cases  the  included  fragments  arc  really  remains  of  older  rocks,  and  the 
whole  rock  a  true  breccia  or  conglomerate.  In  other  cases,  however,  the  inclusions 
are  in  all  probability  more  local  aggregations  of  the  prevalent  or  most  striking 
mineral.  An  example  of  this  latter  kind  is  to  be  seen  in  the  Chikeli  Drug  hill, 
a  little  to  the  south-east  of  Kaneambadi  pass,  nine  miles  south  of  Vellore.  Good 
examples  of  this  quasi-conglomeratic  and  brecciatod  structure  may  be  seen  to  the 
west  of  the  Nagari  railway  station,  in  the  low  hills  close  to  the  railway  at  Ra- 
nawaram  near  the  Sholinghur  station,  and  in  the  southern  part  of  the  district  at 
and  to  the  south  of  Chitpat  (Chittapett),  .and  at  Erumbaucum,  eight  miles  to  the 
east-south-east  of  Arcot,  and  on  the  eastern  side  of  the  district  at  Gudinaucarur, 
six  or  eight  miles  east  of  Wandiwash. 

Of  the  more  schistose  bands  of  gneiss,  the  most  noteworthy  is  the  great 
Schistose  band  of  Kai-  micaceous  band  forming  the  Kailasagiri  peak,  six  miles 
lasagh’i.  south-west-by-south  of  V ollore,  which  rises  in  a  bold  peak 

to  an  elevation  of  2,677  feet  above  sea  level.  This  gneiss  is  compact  and  massive 
in  structure,  and  has  been  uptiltcd  to  a  very  high  angle,  the  ti-uo  dip  of  the  beds 
varying  from  80°  to  85°.  The  strike  of  the  beds  corresponds  with  the  direction 
of  the  highest  part  of  the  ridge  and  is  north  5°  east. 

The  very  coarse  garnetiforous  micaceous  gneiss  of  Chikeli  Drug  (already 

'  Tins  iTJXist  not  be  confonndetl  with  the  town  and  railway  station  of  the  same  name  on 
the  northern  boundary  of  Salem  district. 
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referred  to)  extends  northward  info  the  Vellore  hills,  and  forms  a  considerable 
part  of  the  main  ridge  of  the  hill  group. 

Beds  of  magnetic  iron  occur  here  and  there  in  the  south-west  corner  of  tlie 
district,  e.  g.,  to  the  soTith  of  Gudyatam  (Goriattuin), 
Magnetite  beds.  ^  south  of  the  great  tank,  and  again  two  and  a 

half  miles  west  of  Vellore  railway  station.  These  beds  are  small,  but  interesting, 
as  there  can  be  no  doubt  that  they  are  representatives  of  some  of  the  numerous  hods 
occurring  south  of  the  Javadi  hills  in  Salem  district.  Others  of  these  richly 
ferruginous  beds  are  in  all  probability  represented  by  various  quartzose  gneiss 
beds,  very  strongly  iron-stained,  which  occur  in  this  quarter.  The  quartz  of  these 
beds' is  stained  of  purplish  or  reddish  color,  and  frequently  shows  a  brown  fen-ugi- 
nous  incrustation  in  the  cavities  between  the  lamina?,  as  also  numerous  little 
cavities  in  the  lamination  which  appear  once  to  have  been  filled  by  some  mineral 
or  other  now  wanting.  These  beds  have  a  striking  rosomblance  to  the  poorly 
ferruginous  parts  of  many  of  the  typical  magnetic  iron  beds  of  the  Salem  region. 
Good  examples  of  these  iron-stained  beds  are  to  he  seen  in  the  Vellore  hills  and 
in  the  large  detached  hill  three  miles  south  of  Vellore. 

Probable  representatives  of  the  magnetic  iron  beds  are  also  the  numerous 
Qiiartzo-femiginous  quartzo-ferruginous  beds  noted  by  Mr.  G.  M.  Oldham  in 
beds.  the  Arcot  and  Wandiwash  taluqs.  His  notes  unfortu¬ 

nately  do  not  mention  the  form  in  which  the  iron  occurs.  The  geographical 
situation  points,  however,  strongly  to  these  being  continuations  of  the  numerous 
mao’uetic  iron  beds  occurring  to  the  east  and  north  of  the  Kabroj  en  mountains 
in  South  Arcot,  beds  which  themselves  are  unquestionably  north-easterly  exten¬ 
sions  of  some  of  the  great  magnetite  beds  of  Salem  district.  Associated  with 
these  quartzo-ferruginous  beds  in  the  south-eastern  part  of  the  district  are  also 
numerous  bed.s  of  hornblendic  fen-uginous  gneiss. 

These  occur  chiefly  in  the  tract  of  country  between  Arcot  and  Wandiwash. 
Hornldeudic  fernigin-  To  the  eastward  of  this  hornblendic  band  ]ie.s  a  broad 

OUS  beds.  Zone  of  highly  granitoid  quartzo-felspathie  gneiss  which 

extends  to  the  boundary  of  the  Chin gleput  (Madras)  district;  the  great  Wandi¬ 
wash  hill  belongs  to  this  band.  ^ 

In  the  more  granitoid  region  north  of  the  Pahlr  hornblendic  forms  are  much 
less  common  than  the  quartzo-felspathie  forms  of  gneiss. 

Ferruginous  beds  were  noted  by  Mr.  C.  H3.  Oldham,  chiefly  near  the  Poiney 
river,  e.  (g,  north  of  Chellempollian ;  south-west  of  Bomupilli,  eight  or  ten  miles  to 
the  north-north-westward;  and  lastly,  to  the  north  of  Maimandalum,  on  the 

w'estern  side  of  the  Poiney  river.  .  i  i,  nr  m  n 

Talcose  beds  occur  only  in  a  few  places.  Three  were  noted  by  Mr.  Oldham, 
all  of  small  importance.  They  occur  at  Damavajiak 
Talcose  beds.  (Uamarpauk),  north  of  Arni,  a  little  to  the  west  of  the 

road  to  Arcot,  at  a  place  on  the  left  bank  of  the  Poiney  river,  eight  miles  nortli- 
north-west  of  Ranipet  cantonment,  and  lastly,  a  little  to  the  south-east  of  Murtapilli 
and  twenty  miles  north  of  the  last  named  locality.  An  extremely  quartzose  band 
of  gneiss  is  seen  to  the  north-west  of  Sholinghur  and  north  of  Kandareddi 

(Rundaddy) . 
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In  a  district  wliere  so  large  an  area  is  occupied  by  intensely  granitoid  gneiss,  its 
cbaracteristic  features  are  of  course  to  be  seen  to  great  advantage  in  many 
places,  particularly  along  tlie  two  lines  of  railway  diverging  from  Arconum  junction. 
Especially  characteristic  are  the  hills  of  Maddur  Drug  and  Trittan  on  the 
north-west  line,  and  those  of  Shoirnghur,  Nelacontriapetta,  and  Gudyatam 
(Goriattum)  on  the  south-west  line  ;  all  of  these  show  great  bare  masses  of  rock 
with  tors,  and  here  and  there  great  precipitous  cliffs. 

Of  the  tors  the  two  most  remarkable  groups  are  both  near  Nagari  ;  the  one, 
betw’een  the  railway  and  the  foot  of  the  Nauari  mountain 

Tors. 

close  to  the  northern  end  of  the  pass  travei’sed  by  the  old 
high  road  to  Kadapa;  the  other,  at  Neddiem  (Neddum)  on  the  north  bank  of 
the  Hagari  river,  four  miles  above  the  railway  bridge.  Both  groups  are  of  great 
size  and  height  and  form  conspicuous  objects  from  considerable  distances. 

A  very  common  accessory  mineral  occurring  in  the  granite  gneiss  is  epidote, 
in  its  pale  apple-green  variety  known  as  pistacite  ;  it  occurs  scattered  through  the 
general  mass  of  the  rocks,  or  in  minute  veins,  and  very  commonly  as  a  thin  coat¬ 
ing  to  planes  of  jointing. 


EOCICS  INTRUDED  INTO  THE  GnEISSIC  SeEIES. 

The  crystalline  rocks  intruded  into  the  gneissic  series  are  referable  to  four 
groups— granite  veins,  felspathic  porphyries,  quartz  veins,  and  trap  dykes.  Of  the 
four  groups,  the  last  is  by  far  the  most  important,  and  the  first  the  least  so,  granite 
veins  being  very  rare  and  of  small  size  ;  the  trap  dykes,  on  the  contrary,  extremely 
numerous,  and  many  of  them  of  large  size,  and  forming  important  features  in  the 
landscape  in  very  many  parts  of  the  country. 

The  granite  veins  seen  in  North  Arcot  are,  with  one  exception,  of  quite  small 
size,  and  all  appear  to  consist  of  a  binary  rock,  in  which 

VfilllS*  1  ‘iiCt  J? 

only  quartz  and  lelspar  are  recognizable,  home  oi  them 
contain  a  few  scattered  crystals  of  epidote  as  an  accessory  mineral. 

Numerous  veins  of  very  small  size  of  dark  salmon-red  color,  and  highly 
felspathic  in  character,  occur  in  the  gneiss  to  the  south  of  the  railway  station  at 
Vellore,  and  a  larger  but  still  small  vein  of  the  same  kind  occurs  at  Vajur 
(Vanjoor),  two  miles  south-west  of  the  railway  station. 

The  most  important  granitic  protrusion  noted  is  a  vein  occurring  at  Tarur 
(Turroor),  eight  miles  east  of  the  great  Kaveripak  (Covrepauk)  tank,  and  about 
ten  miles  south-west  of  the  Arkonum  railway  junction.  It  forms  a  bare  and 
generally  smooth  ridge  one  and  a  quarter  mile  long,  about  40  feet  high  at  its  summit. 
It  is  a  binary  quartzo-felspathic  granite  of  coarse  grain  and  full  of  minute 
cracks. 

The  very  handsome  green  and  pink  syenitoid  rock  occurring  at  the  western 
base  of  the  Nagari  mountain  has  been  referred  to  before  (p.  192)  when  treat¬ 
ing  of  the  gneissic  rocks,  but  the  rock  is  so  extremely  crystalline  that  it  might 
easily  be  taken  for  a  truly  intrusive  rock,  and  the  more  so  as  the  position  it 
occupies  with  reference  to  the  surrounding  unquestionably  gneissic  rocks  is  rather 
obscure. 
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I'lie  felspathic  porphyries  occurring  in  North  Arcot  district  are  very  interesting, 

as  being  the  only  examples  of  this  species  of  rock  known 
Felspathic  porphyries.  ■  i  j.  .  1  •  i  o  i  n  ■  r 

in  the  south  oi  the  peninsula,  beveral  very  tine  veins  of 

this  porphyry  occur  south  of  the  Palikonda  mountain  (p.  192),  and  two  of  them 

may  be  traced  for  several  miles  in  an  east-to-west  direction.  In  width  they  vary 

from  20  to  50  feet,  and  vary  in  color  from  smoky  grey  to  pale  drab,  when  freshly 

broken.  Numerous  prisms  of  flesh-colored  or  white  felspar  from  Ith  to  ^  an 

inch  long  are  included  in  the  felspathic  matrix.  Small  acicular  crystals  of 

dark  green  hornblende  are  less  frequently  included.  The  felspar  crystals  often 

stand  out  in  gi-eat  perfection  on  the  weathered  surfaces,  and  in  some  parts  of  the 

veins  the  included  crystals  form  nearly  half  the  mass.  A  little  distance  south 

of  the  western  end  of  these  two  veins  is  a  third  in  which  the  included  small  dark 

green  acicular  hornblende  crystals  are  numerous,  but  the  felspar  crystals  of  rare 

occurrence  in  the  gveyish- white  felspathic  matrix.  The  felspar  crystals  are  white 

and  show  very  faintly. 

On  the  east  flank  of  the  Palikonda  mountain  is  a  drab  or  pale  buff-colored 
vein  which  appeal's  to  cross  the  mountain,  for  a  precisely  similar  rock  shows  on  the 
west  flank.  In  this  case  the  included  crystals  consist  of  felspar  and  quart?. 
Two  other  small  veins  of  the  same  character  appear  on  the  we.st  flank  close  to 
the  north-west  corner  of  the  mountain,  and  a  third  of  smoky  grey  coloi’,  with 
reddish  felspar  crystals,  runs  nearly  east-to-west  for  two  or  three  hundred  yards 
parallel  with  the  high  road  to  Bangaloi’e  on  the  north  side  of  the  mountain. 

Another  small  vein  of  the  felspathic  porphyry  occurs  in  the  centre  of  the 
valley  west  of  Kailasagiri  peak  (south-south-west  of  V ellore)  ;  it  is  of  the  same 
character  as  those  just  described. 

In  point  of  age  these  porphyry  veins  seem  to  be  newer  than  the  trap  dykes 
they  cut  in  their  course.  Unfortunately  this  point  could  not  be  definitively 
settled  owing  to  the  presence  of  soil  and  debris  at  the  points  of  intersection. 

Quartz  veins  are  not  very  common.  A  few  were  noted  by  Mr.  Oldham  in  the 
Wandiwash  and  Arcot  taluqs ;  they  are  of  good  size  (two 
Quartz  veins.  three  miles  in  length) ,  but  offer  no  special  features  of 

interest ;  their  course  is  either  north-east-by-east  to  south-west-by-west,  or  north¬ 
west-by-north,  south-east-by-south. 

The  trappean  rocks  seen  in  North  Arcot  district  all  occur  in  the  shape  of 
dykes,  often  of  great  size  and  length,  and  forming  im. 
portant  features  in  the  landscape.  They  occur  commonly 
in  all  parts  of  the  district,  and  in  the  central  part  occur  frequently  in  very  large 
numbers. 

The  great  majority  of  the  dykes  consist  of  coarse  hornblendio  trap,  a  form 
of  greenstone,  and  there  is  in  very  many  cases  a  direct  proportion  between  the  .size 
of  the  dyke  and  the  coarseness  of  the  rock  composing  it.  Many  of  the  dykes 
are  markedly  porphyritio  in  structure,  including  numerous  ciystals  of  felspar  in 
a  hornblendio  or  hornblendo-felspathic  matrix.  If  classified  according  to  the 
directions  of  their  courses,  the  dykes  will  bo  found  referable  to  two  great  systems, 
of  which  the  one  runs  north  to  south,  roughly  speaking,  and  the  other  east-by¬ 
north  to  west-by-south.  In  the  former,  the  course  is  less  constant,  and  varies  by 


Trap  dykes. 
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5°  or  so  east  or  west  of  north.  A  relatively  small  number  of  dj'kes  does  not 
come  under  either  of  these  two  systems,  but  they  offer  no  special  differences  in 
mineral  character,  or  otherwise  to  reqirire  any  detailed  notice.  There  is  no 
marked  difference  between  the  trap  rock  forming  the  members  of  the  two  systems, 
and  they  appear  to  belong  to  the  same  geological  age.  Both  agree  in  being 
older  than  the  Kadapa  system  of  rocks  which  they  nowhere  intrude  into.  The 
relations  of  the  dykes  at  their  crossings,  are  obscure  in  all  cases  in  this  district, 
but  the  intersections  of  other  dykes  of  precisely  similar  rock  and  running  in 
corresponding  directions  in  more  northerly  parts  of  the  gneiss  area,  e.cj.,  in 
Belhiry  district  and  the  Raichur  doab,  appear  to  show  that  the  filling  up  of  both 
sets  of  fissures  by  the  iiTuptive  material  was  simultaneous,  no  difference  or  change 
of  any  kind  being  observable.  Very  large  and  important  dykes,  such  as  the 
great  dyke  at  Sholinghur  and  some  in  the  Maddur  (Muddoor)  and  Trittani  hills, 
rise  to  heights  of  several  hundred  feet  above  the  sui-face,  and  form  bold  and 
striking  ridges  and  crests. 

Some  of  the  dykes,  such  as  the  Sholinghur  dyke  and  the  Permalrajapet 
dyke,  some  eiglit  miles  to  the  east,  are  distinctly  and  strongly  magnetic  and  affect 
the  compass  needle  greatly.  This  phenomenon  was  also  noticed  in  the  dyke 
lying  to  the  west-by-south  of  the  village  of  Poiney,  but  not  elsewhere. 

Excepting  a  little  pale  iron  pyrites  (marcasite)  no  accessory  minerals  have 
been  noticed  in  any  of  the  dykes.  The  pyiites  were  seen  in  some  of  the  dykes 
traversing  the  hill  east  of  Vellore  town. 

Well  characterized  examples  of  porphyritic  greenstones  are  to  be  seen  to  the 
soirth-east  of  Ranipet  cantonment,  and  in  the  railway-cutting  south  of  Pudi 
station  on  the  north-west  line  of  the  Madras  railway.  As  a  rule,  with  few  or  no 
exceptions,  the  greenstone  weathers  more  slowly  than  the  surrounding  gneissic 
rock,  and  consequently  the  dykes  form  ridges  running  over  hill  and  dale,  and 
fi'om  their  dark  color  contrasting  strongly  against  the  gneiss. 

The  courses  of  many  of  the  dykes  may  be  followed  for  twenty  or  thirty  miles 
or  even  more,  and  the  lai’ger  ones  have  a  width  of  from  60  to  100  paces.  The 
network  formed  by  these  multitudinous  dykes  is  one  of  the  most  remarkable  dis¬ 
plays  of  trappean  injection  known  in  any  country. 


The  Kadai'A  Series. 

The  rejiresentatives  of  the  Kadapa  series  are  confined  to  the  north-eastern 
corner  of  the  district,  where  they  form,  as  already  pointed  out,  the  main  mass  of 
the  Nagari  group  of  mountains,  the  Tripatti  hills,  and  the  extreme  south  end  of 
the  Vellakonda  range.  The  remarkable  and  highly  picturesque  scenery  of  this 
region  is  due  to  the  great  mural  scarps  into  which  the  massive  quartzite  beds  have 
been  worn. 

The  Nagari  mountains  form  several  outliers  detached  from  the  mni'n  area  of 
Chief  outliers  Kadapa  rocks,  of  which  the  Tripatti  hills  and  the  end 

of  the  Vellakondas  form  the  southernmost  extremities. 
The  principal  outliers  are  four  in  number,  the  Nagari  Nose  mountain  forming  the 
most  southernly  of  the  number.  Noidh  of  this  is  the  Narnavaram  ridge,  a  long 
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nan’OAV  ridge  lying  noi’tli-east  of  tlie  village  of  Narnavaram,  and  not  to  be  con¬ 
founded  with  the  Narnavaram  peak,  Avhich  forms  dhe  southern  end  of  a  large 
outlier  which  includes  the  Saddashemallai  or  Sathuskonda,  the  highest  member 
of  the  Nagari  group,  and  the  mountains  south  of  Kdlabastri  (Calaetsy).  The 
fourth  large  outlier  includes  the  Ransagiri  and  the  Kambakam  (Cumbaucum) 
Drug  mountains. 

Many  of  the  quartzite  beds  Avhich  rest  on  the  gneiss  in  marked  unconformity 
are  coarsely  conglomeratic,  including  pebbles  of  gneiss. 
Petrological  characters.  occasionally  of  ribbon  jasper.  The  quartzites 

are  generally  very  massive,  and  semi-vitreous  in  texture,  and  occur  in  thick  beds 
which  often  show  but  little  lamination.  The  sui-face  of  .some  of  the  beds  as  often 
covered  thickly  Avitli  small  annular  markings,  as  if  they  had  been  stamped  all  over 
with  an  ordinary  wad-enttor.  No  satisfactory  explanation  of  the  cause  of  these 
markings  had  yet  been  offered.  In  some  beds  the  rippling  caused  by  current 
action  has  been  beautifully  preserved. 

The  prevalent  colors  of  the  quaidzites  arc  pale  greys  and  drabs,  all  weathering 
to  shades  of  buff  or  pale  orange.  The  principal  lines  of  scarp  face  the  south,  e.  cj., 
those  of  the  Nagari  Nose,  the  Narnavuiram  peak,  the  Saddashemallai,  and  the 
Tripatti  mountains,  but  very  fine  east  and  west  scarps  are  seen  on  the  Ransagiri. 
The  three  scaiqis  first  mentioned  are  in  many  parts  quite  vortical,  and  form  per¬ 
fectly  bare  walls  of  rock  from  a  few  hundred  to  over  a  thousand  feet  in  height. 
The  smaller  outliers  show  some  of  the  loAvest  beds,  but  arc  of  no  special  interest. 

The  whole  of  the  beds  exposed  in  the  North  Arcot  district  belong  to  the 
second  lowest  of  the  divisions  recognized  in  the  Kadapa  series  by  Mr.  King'  and 
called  by  him  the  Nagari  series,  a  yet  lower  series  underlying  the  Nagari  bods 
having  been  recognized  by  him  further  north  near  the  Pa2Aagni  river  in  Kadajja 
district. 

The  most  southerly  recognized  outcroj)  of  the  KadajAabeds  is  the  Nagari  Nose 
mountain,  but  it  is  not  improbable  that  some  largo  detached  masses  of  quartzite 
occurring  at  the  base  of  the  Gondwana  rocks  at  Naikenpalem,  eight  miles  further 
south-east,  ought  to  be  regarded  as  relics  of  the  basement  bed  of  the  Nagari 
group.  These  masses  of  quartzite  will  be  referred  to  again  further  on. 

The  Upper  GoNDW.4ifA  Series,  Rajmadal  Group. 

The  great  series  of  rocks  knoAvn  under  the  name  of  the  Upper  Gondwana, 
which  occupy  a  very  imjiortant  position  in  the  northern  half  of  the  peninsular 
area,  are  represented  in  the  Madras  region  by  considerable  formations  of  great 
interest,  because  tliej’’  contain  fossil  plants,  some  of  which  are  identical  with  those 
occurring  in  the  Ujiiicr  Gondwana  formations  of  the  Rajmahal  hills  in  Bengal. 

Their  reiirosentatives  in  North  Arcot  occur  in  two  positions,  one  norili, 
the  other  south  of  the  Palar.  In  the  first  wo  may  conveniently  distinguish 
three  localities,  the  Sattavedu,  the  Alikur  (Alcoor),  and  the  Pyanur  areas  ;  in 
the  second  there  are  some  twenty-five  small  patches  scattered  widely  over  the 
surface  of  the  gneissic  area  in  the  Arcot  taluq,  a  few  miles  south-west  of  Con- 

'  See  Memoirs  Geological  Survey  of  India,  Vol.  VIII. 
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jeveram.  The  most  important  and  the  greater  number  of  these  patches  lie 
around  the  great  Mamdur  (Maumdoor)  irrigation  tank,  and  hence  the  group  may 
be  conveniently  called  the  Mamdur  group.  Three  small  outlying  patches  occur 
twenty  miles  further  to  the  south-west  in  the  Arni  zemindai'i.  This  group  of 
small  patches  are  evidently  the  remnants  of  a  once  extensive  spread  of  the  Upper 
G  ondwana  I’ocks,  which,  in  all  probability,  was  continuous  with  the  beds  of  the 
same  age  to  the  north  and  north-east,  and  very  likely  also  extended  far  enough 
southward  to  join  the  Utatur  (Ootatoor)  “plant  beds”  in  Trichinopoly  district. 

Great  denudation,  especially  in  the  area  south  of  the  Palar,  beginning  pi’obably 
in  precretaceous  times,  separated  the  Gondwana  rocks  into  the  many  detached 
outliers  now  enumerated,  while  their  surface  is  largely  obscured  by  the  overlying 
younger  latcritic  and  alluvial  formations. 

As  before  mentioned,  the  Upper  Gondwana  beds  of  the  Madras  region  have 
been  divided  into  two  groups,  called  after  the  localities  in 
which  best  developed,  the  Sattavedu  and  Sri^jermoiur 
groups  ;  the  division  is  chiefly  based  on  petrological  differences,  the  actual  strati- 
graphical  relations  being  very  obscure  and  somewhat  doubtful  owing  to  the  in- 
Bufficiency  of  existing  sections. 

The  Sattavedu  group,  which  con.sists  mainly  of  coarse,  well  consolidated  con¬ 
glomerates  and  sand.stones  of  great  thickness,  forms  the 
The  Sattavedu  group.  Sattavedu  and  the  northern  and  eastern  parts  of 

the  Alikur  hills,  while  beds  of  uncompacted  conglomerate  with  intercalated  clays 
and  shales  appear  to  underlie  the  hard  Sattavedu  beds  in  the  western  and  southern 
parts  of  the  Alikur  hills.  Unfortunately  no  section  exists  (or  existed)  showing 
the  two  sets  of  beds  in  actual  contact,  hence  their  str.atigi’aphical  relations  are 
still  doubtful. 

The  soft  beds  have  been  refeiTed  provisionally  to  the  'Sripermatur  group  on 
petrological  grounds,  the  resemblance  of  the  softer  rocks 
The  Snperinatur  group.  much  stronger  to  the  rocks  found  in  the  Sripermatur 

outcrop  in  Chingleput  district,  than  to  the  coarse  and  comjxact  conglomerates  and 
sandstones  of  the  Sattavedu  and  eastoi'n  Alikur  hills. 

The  whole  of  this  outcrop  is  made  up  of  alternate  bands  of  hai'd  conglomerates 
and  sandstones,  m.any  hundred  feet  in  aggregate  thickness, 
and  of  more  or  less  red  color.  The  conglomerates  are 
made  up  of  large  wmll  rounded  smooth  quartzite  pebbles,  with  a  small  number  of 
similar  jicbblos  of  granite  gneiss,  the  whole  strongly  cemented  by  a  matrix  of 
variable  character,  sometimes  argillo-ferruginous,  ferrugino-arenaceous,  or  more 
rarely  siliceo-calcareous.  The  sandstones  arc  mostly  rather  gritty  in  texture,  and 
contain  here  and  there  a  few  plant  remains,  among  which  Mr.  King  found  a  frond 
oi  Dictgozaviites  'hidicus,  one  of  the  most  characteristic  Kajmahal  plants.  The  beds 
have  a  generally  eastward  dip  at  moderate  angles.  The  area  of  the  outcrop  is 
nearly  co-extensive  with  that  of  the  hill  gi-oup,  and  measures  about  sixteen  miles. 

The  Alikui’  area  is  separated  from  the  foregoing  only  by  the  narrow  alluvial 
valley  of  the  Narnavaram  rivei’,  under  which  the  beds  arc 

The  Alikur  area.  doubtless  continuous.  The  eastern  half  of  the  Alikur  hill 
group  consists  of  hard  conglomerates  and  sandstones,  apparently  continuations  of 


The  Sattavedu  area. 
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the  beds  forming  the  south-western  part  of  the  Sattavedu  hills.  Liko  these  they 
have  a  more  or  less  easterly  dip,  and  disappear  under  the  lateritic  beds,  which  lap 
round  the  eastern  foot  of  the  hills,  and  which,  together  Avith  the  great  talus 
which  has  accumulated  on  the  base  of  the  slopes,  completely  obscure  all  the  rela¬ 
tions  between  the  lower’  and  upper  rocks,  l^o  fossils  were  found  in  the  Alikur 
hills.  The  hard  beds  occupy  only  about  a  third  of  the  area  of  the  Alikur  out¬ 
crop,  the  remainder  being  formed  of  the  soft  bods  assumed  to  belong  to  the  Sri- 
permatur  group,  and  which,  as  already  mentioned,  appear  to  underlie  the  hard 
beds  conformably.  No  section  was  found  showing  these  two  dissimilar  series  in 
contact  where  they  approach  each  other  in  the  centre  of  the  Alikur  hill  gi’oup, 
but  as  far  as  the  rounded  outlines  of  the  hills  at  that  point  serve  to  guide  the  eye, 
there  is  an  undoubted  dip  of  the  softer  beds  under  the  hard  conglomerate.  No 
sign  of  any  fault  could  be  traced,  but  from  the  peculiar  nature  of  the  case,  a  fault 
of  great  importance  might  well  exist,  and  yet  be  completely  hidden  by  the  vast 
quantity  of  debris  and  talus  which  everywhere  almost  cumber  the  surface  even  of 
steep  slopes.  The  nearest  visible  approach  of  the  two  series  is  a  short  narrow 
east  and  Avest  ridge  abutting  at  right  angles  against  the  hard  basement  conglo¬ 
merate  of  the  Sattavedu  series,  Avhich  here  forms  a  conspicuous  north  and  south 
ridge  parallel  with  several  of  similar  character  further  east,  each  representing  a 
great  conglomerate  bed.  The  valleys  running  down  north  and  south  from  the 
cross  ridge  are  the  two  principal  ones  in  the  central  mass  of  the  hills,  and  their 
depth,  which  is  considerable,  is  due  to  the  greater  softness  of  the  imderlying 
beds  as  compared  with  the  overlying  set. 

The  soft  beds  so  frequently  named  consist  of  conglomerates,  gritty  clays,  and 
shales  of  white  or  gi’ey  colors.  Even  the  coarsest  conglomerates  at  the  very  base 
of  the  series  are  uncompacted  and  soft,  the  enclosed  pebbles  and  boulders  of 
gneiss  and  quartzite  merely  lying  embedded  in  very  friable  more  or  less  clayey 
grit  consisting  of  quartzose  debris  of  gneissic  origin.  The  slopes  of  the  hills 
composed  of  such  soft  beds  are  deeply  covered  by  debris,  while  but  fcAV  of  the 
rain  gullies  descending  from  higher  slopes  penetrate  sufficiently  to  expose  the 
rocks  in  situ.  The  Naikenpalem  hills,  which  occupy  the  southern  part  of  the 
Alikur  area,  consist,  as  far  as  seen,  entirely  of  the  soft  beds  Avhich  have  trended 
round  from  a  north  and  south  strike  in  the  Alikur  hills  to  one  running  west- 
north-west  to  east-south-east. 

Numerous  plant  remains  Avere  obtained  from  a  clay  bod  exposed  in  one  of  the 
principal  rain  gully  sections  east  of  Naikenpalem  village.  Amongst  the  remains 
were  parts  of  Tesniopteris,  Dictyozamites,  Ptilopkyllum,  &c.,  all  characteristic 
Rajmahal  plants.  Unfortunately  the  specimens,  which  are  beautifully  distinct 
when  freshly  extracted,  are  utterly  ruined  by  the  shrinkage  of  the  wet  clay  as  it 
dries. 

Near  the  village  of  Naikenpalem  the  basement  bed  includes  enormous  masses 
Included  masses  of  conglomeratic  quartzite,  some  of  them  from  800  to 
quartzite .  1,000  cubic  feet  in  bulk ;  those  are  very  probably  relics  of 

the  basement  bed  of  the  Kadapa  series,  which  is  so  generally  represented  a  few 
miles  to  the  north-west  and  north  in  the  great  scarps  of  the  Nagari  mountain  and 
the  Ramagiri.  These  great  quartzite  masses  are  not  seen  resting  actually  on  the 
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gneiss  surface,  but  it  can  only  be  a  few  feet  below  the  local  surface  of  the  slope  ; 
it  is  only  reasonable,  therefore,  to  look  upon  them  as  ruins  of  the  once  existing 
conglomerate  bed  forming  locally  the  base  of  the  Kadapa  rocks,  which  was  nearly 
all  removed  by  denudation.  In  view  of  the  enormous  amount  of  denudation  the 
shapes  of  the  Nagari  mountains  show  them  to  have  undergone,  there  can  be  no 
difficulty  in  accepting  this  solution  of  the  problem.  If  the  bloeks  be  not,  however, 
really  in  situ,  their  existence  in  their  joresent  position  is  even  more  remarkable,  as 
no  known  agency,  but  that  of  floating  ice,  can  explain  their  presence.  The  appeal 
to  glacial  agency  in  such  a  southerly  latitude  would  not  be  justified  except  on  the 
very  strongest  evidence. 

The  character  of  the  rocks  in  the  Pyanur  area  changes  slightly,  the  included 
boulders  and  pebbles  in  the  conglomerates  are  more  fre- 

The  Pyamu  aiea.  quently  of  gneissic  origin  and  less  exclusively  of  quartzite. 
They  are  embedded  in  equally  soft  and  uncompacted  beds.  Fossils  are  very 
rare ;  none  were  found  except  in  a  friable  sandstone  exposed  in  the  left  bank  of 
the  hTagari  river  opposite  Chittapuram,  a  little  below  the  junction  of  the  Trit- 
tani  river.  Fragments  of  TteniojAeris  and  Dictijozamites  were  here  obtained. 

The  basement  conglomerate  in  many  parts  of  the  Pyanur  area  was  deposited 
around  and  includes  large  water-worn  masses  of  gneiss  forming  boulder  beds 
similar  to  those  occurring  in  the  base  of  the  plant  beds  at  Utatur  and  elsewhere 
in  Trichinopoly  district,  and  similarly  at  various  places  in  the  Ongole  groujD  of 
outcroj)s  in  Hellorc  disti-ict. 

The  hard  white  and  mottled  shales  so  typical  of  the  Sripeimatur  gi’oup  in  its 
proper  basin  do  not  occur  in  any  of  the  outcrops  in  the  Arcot  district,  but  some 
of  the  clays  exposed  in  the  south-eastern  corner  of  the  Alikur  area  show  signs  of 
passing  into  a  shaly  condition,  and  appear  to  do  so  further  to  the  north-east  in 
the  valley  of  the  Alikur  nullah. 

Outcrops  south  of  the  JPdldr. — The  petrological  features  of  the  southern  or 
Mamdur  group  of  outcrops,  as  well  as  their  geographical 

IVHmdar  patches.  proximity,  justify  their  being  assigned  to  the  Sriper- 
matur  division  of  the  Rajmahal  beds.  As  they  were  visited  only  by  the  late 
Mr.  C.  AD.  Oldham,  it  will  be  better  to  quote  the  description,  as  far  as  possible,  in 
his  oum  words  as  given  in  his  notes. 

The  three  most  westerly  outcrops,  which  have  already  been  mentioned  as  lying 
about  twenty  miles  south-west  from  the  Mamdur  group, 

Thcchur  outlier.  situated  close  to  the  village  of  Thechur,  seven  miles 

south  of  Arni.  Here  to  the  south-west  of  the  village  occurs  a  “  greenish-yellow 
shaly  sandstone,”  'which  “  is  also  dug  out  from  wells  in  the  village.  East  of 
the  village  I  noticed  another  minute  patch.” 

Of  the  patches  forming  the  Mamdur  group,  Mr.  Oldham  remarks  in  his  notes: 

At  Couteantandalam,  the  most  easterly  of  these  localities, 

C'onteautandalam.  goveral  wells  and  bowries,  in  and  near  the  village,  expose 
about  12  feet  of  these  beds,”  which  arc  chiefly  a  soft  yellow  sandstone  thick- 
bedded,  but  in  the  lower  portion  some  harder  compact  bods  occur ;  and  a  coarse 
conglomerate  containing  numerous  pieces  and  pebbles  of  quartz  and  gneiss  in  a 
hard  silicious  matrix  has  been  quarried  to  some  extent  from  under  the  soft  bods. 
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Plants  found. 


After  mentioning  a  narrow  and  thin  slip  of  hard  ferruginous  sandstone  close 
to  the  ford  bj  which  the  Conjeveram-Wandiwash  road 
Doshi  outcrop.  crosses  the  Pahir,  Mr.  Oldham  describes  the  interesting 

outcrop  at  Doshi  (a  mile  and  a  half  to  the  south)  thus: — “This  locality  and  its 
immediate  neighbourhood,  though  not  affording  even  a  single  tolerable  section, 
yielded  to  me  the  great  majority  of  the  fossil  specimens,  all  plants,  which  I  suc¬ 
ceeded  in  procuring  from  this  series  of  beds.”  “In  a  small  tank  west  of  the 
milage  I  noticed  a  little  yellow  sandstone  in  flat  beds  just  appearing  above  the 
surface  of  the  water  when  low,  and  from  the  bund  of  this  tank,  which  is  largely 
composed  of  the  pieces  of  this  and  other  beds  thrown  up  when  it  was  dug,  I  suc¬ 
ceeded  in  obtaining  numerous  plant  remains.”  “  I  could  not  discover  a  trace  of 
mollusca  or  other  animal  remains,  birt  in  some  of  the  beds  of  sandstone  the  plant 
remains  are  very  abundant.” 

“  Until  they  have  been  more  carefully  examined  and  compared,  I  cannot  attempt 
to  do  more  than  indicate  their  general  character,  which  is 
very  similar  to  that  of  the  Rajmahal  flora,  presenting 
PalcBOzamia  (Ptilophyllum),  Tmniopteris  ?  Stangerites  {Angiopteridium'),  Pecopteris, 
and  Sphenopteris.”  “  I  obtained  also  specimens  of  circinnate  vernation  of  ferns. 
These  remains  occur  in  great  abundance,  principally  in  thin-bedded  yellow  sand¬ 
stones,  but  some  of  them  also  in  a  coarser  thick-bedded  sandstone.”  “  This  strip 
of  sandstone  has  its  limits  narrowly  defined  by  the  appearance  of  gneiss  in  sihi 
closely  on  the  east,  north,  and  south,  and  at  no  great  distance  on  the  west  also.” 
“About  four  miles  west  of  Doshi  is  the  best  section  seen  of  these  beds. 

This  is  exposed  in  the  old  supply  channel  which  i-uns  from 
Mamdur  section.  riycr  Palar  near  Umiaveram  to  the  large  Mamdur 

tank,  in  the  banks  of  wliich  and  the  small  watercourse  adjoining  a  fair  section  is 
exhibited,  showing  a  greater  thickness  of  beds  than  I  was  able  to  discover  in  any 
other  locality.”  “  Proceeding  southward  along  the  channel  we  get  the  following 
section.  The  first  (lowest?)  bed  seen  is  a  coarse  white  felspathic  sandstone  with 
small  pebbles  of  qirartz,  from  3  to  4  feet  in  thicknes.s,  rather  soft  and  scarcely 
consolidated,  at  least  superficially.  I  could  here  detect  no  organic  remains  what¬ 
ever.  Over  these  lie  about  3  feet  of  a  finer  yellowish  sandstone  with  minute 
shaly  partings  of  a  greyish- white  color.”  Above  this  are  5  feet  of  a  hard 
ferruginous  sandstone,  the  uppermost  bed  of  which  has  a  curiously  tesse- 
lated  appearance  due  to  concretionary  structure,  assuming  generally  a  penta¬ 
gonal  arrangement.  All  these  beds  have  a  low  dip(of  2°  or  3°  to  the  .south  and 
south-south-west.  “  Passing  onward  the  section  in  the  channel  is  broken  and 
obscured  by  soil,  &c.,  but  the  missing  portion  seems  to  be,  at  least  in  part, 
supplied  by  the  smaller  gullies,  watercourses,  &c.,  on  either  side,  which  show 
a  few  feet  in  thickness  of  yellow  and  white  sandstone  apparently  overlying  the 
ferruginous  bands  and  dipping  south-by-west  at  an  increasing  angle.  Pro¬ 
ceeding  still  southward  along  the  channel,  we  come  upon  a  hard  brown  ferrugin¬ 
ous  sandstone  dipping  south-south-west  at  32°.  Of  this  only  2  feet  appear,  and 
over  this  from  20  to  25  feet  of  a  soft  rather  coarse  yellow  sandstone  with 
a  few  harder  ferruginous  partings,  all  dipping  south-south-west  at  from  30°  to  36°. 
Over  this  with  a  dip  in  the  same  direction,  but  at  gradually  decreasing  angles. 
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are  rather  coarse  clunchy  yellow  sands,  thick-hodded  and  only  moderately  con¬ 
solidated.  Of  these  about  25  feet  appear  overlaid  by  about  10  of  thinner-bedded 
yellow  sandstones  of  much  finer  grain  with  thin  greyish  shaly  partings. 
These  are  apparently  the  highest  beds',  shown  in  this  section,  as  on  proceeding 
along  the  channel  we  find  them  turning  up  with  a  considerable  dip  of  25°  to  30° 
to  north  and  nor th-by- west.”  Trom  under  these  again  appears  the  coarser 
thick-bedded  yellow  sandstone  which  continues  to  show  along  the  channel  for  a 
distance  of  about  200  yards,  with  here  and  there  some  of  the  thinner  beds  ap¬ 
pearing  in  the  banks  above.  Still  following  the  channel,  as  it  turns  south-east 
and  east-south-eastwards,  these  coarser  beds  continue  to  appear,  having  a  rolling 
dip  to  the  north-north- west.”  From  under  these  rises  with  westerly  dip  a  strong 
brown  ferruginous  sandstone  which  only  shows  for  a  short  distance,  and  is  the 
last  and  lowest  bed  seen  in  this  direction,  disappearing  at  a  point  due  north  of 
Namdi  (K’aumdee),  a  quartzo-hornblendic  gneiss  appearing  a  very  short  dis¬ 
tance  to  the  east.  A  yellow  sandstone  very  similar  to  the  upper  beds  of  the 
section  just  given  appears  in  bowries  and  in  a  little  watercourse  north-west  of 
Namdi. 

The  small  outcrop  west  of  Talliealli  and  north  of  the  channel  section  just 
described  shows  coarse  pebbly  ferruginous  sandstone.  The  outlier  west-by-north 
of  Tripnagad  and  that  south  of  TTmiaveram  show  coarse,  white  felspathic  sand¬ 
stone,  associated,  in  the  latter  case,  with  a  little  thin-bedded  ferruginous 
sandstone  of  brown  color.  At  Cutanur,  two  miles  to  the  west  of  the  last- 
named  outlier,  a  greenish-yellow  somewhat  shaly  sandstone  underlaid  by  a 
coarser  yellow  felspathic  sandstone  is  exposed  in  well  and  tank  sections.  A 
coarse  ferruginous  sandstone  forming  a  small  patch  at  the  north  end  of  the 
Manapakam  tank,  four  miles  south-west  of  Cutanui’,  is  the  most  westerly 
extension  of  the  Gondwiina  rocks  in  this  quarter. 

Three  miles  further  south-east  and  east  of  the  village  of  Asuapetta,  and 
again  a  mile  to  the  south  of  the  village,  “  we  find  patches  of  hard  conglomeratic 
sandstone  containing  large  pebbles  of  quartz.  This  is  superficially  ferruginous 
and  of  a  reddish-brown  color,  but  when  freshly  broken  of  a  dull  grey.  It  lies 
in  thin  beds  on  the  surface  of  the  gneiss.” 

Proceeding  south  “  along  the  road  between  Asuapetta  and  Trivatur,  we 
cross  four  distinct  patches  of  sandstone,  in  the  most  northerly  of  which  a  tolerably 
good  section  is  exposed  in  a  supply  channel  running  in 
Jadeji  section.  to  the  tank  at  Jaderi  (Bathary”).  Here  resting  on  the  sur¬ 

face  of  the  gneiss  is  a  hard  very  silicious  close-grained  sandstone,  but  frequently 
containing  large  pebbles  of  quartz.  Of  this  there  is  a  thickness  of  several  feet, 
showing  only  at  intervals  and  not  well  seen.  Above  this,  passing  east  along  the 
channel,  we  find  a  coarse  felspathic  sandstone  of  no  great  thickness  (2  to  3  feet), 

*  “  From  these  highest  beds  I  procured  the  only  specimens  of  organic  remains  that  I  was 
able  to  soenre  from  this  locality.  Owing  to  the  soft,  crumbling  nature  of  the  roch,  much  increased 
by  heavy  rains  which  had  fallen  recently,  it  was  almost  impossible  to  obtain  specimens  that  would 
bear  carriage.  Several  which  I  extracted  came  to  pieces  in  my  hands.  Those  which  I  succeeded 
in  carrying  away  w'cre  Falccozamia  ?  (FtilopliijllumJ  and  FterophyVum  ?  I  noted  also  Tceniop- 
teris  and  Fecopteris.” 


PAUT  4.] 


203 


Foole  ;  Geology  of  North  Arcot  District. 

Avith  locally  a  fine  grey  shale,  in  which  some  fragmentary  stem  markings  were 
noticed.  All  these  have  a  low  dip  of  2“  to  3°  east.”  Above  all  is  a  fenmginons 
sandstone,  1  to  1\  feet  thick  and  of  rather  coarse  texture.  •  .  n,  4 

The  other  three  patches  which  are  seen  crossing  the  road  consist  of  a  hard 

S...1  Cfrop.  .Orth  ^vpsriicially  ge»»lly  J™gino™  s.Bd.t™.,,  '^“1”  » 
of  Trivatur.  character  to  the  lowest  bed  of  the  above  section.  A  patch 

of  similar  beds  covered  by  a  little  yellow  sandstone  occurs  east  of  the  road  about 
two  and  half  miles  north  of  Trivatur.  Between  three  and  four  miles  north-east  of 
Trivatur  and  east  of  Perintur  occurs  a  little  hard  grey  sandstone,  about  10  feet 
thick  and  weathering  of  a  reddish-brown. 

Three  miles  to  the  north  close  to  Marianur,  a  largo  amount  of  debris  of  a  red¬ 
dish  ferruginous  sandstone  covers  the  ground,  and  close  to  the  village  on  the 
south  this  is  seen  in  situ  overlying  a  coarse  brown  felspathic  sandstone,  of  which 
but  little  is  seen,  though  it  has  been  thrown  up  in  considerable  quantity  from  well 
and  tank  sections.  In  the  village  a  tolerably  hard  yellowish-brown  sandstone  is  dug 
out  of  bowries  (large  square  wells)  and  has  been  used  to  a  small  extent  for  building. 
A  similar  brownish-yeUoAV  sandstone  is  also  dug  out  at  Shamanguri,  two  and  half 
miles  to  the  north-west. 

A  few  more  small  patches  might  be  referred  to,  but  they  offer  no  special 
characters  of  interest. 

The  numerous  patches  just  referred  to  are,  without  exception,  of  small  size, 
the  largest  not  being  more  than  two  miles  long  by  one  in  width  at  its  widest 
part,  and  the  great  majority  greatly  less  in  dimensions. 

The  Lateeitic  Foemations. 

Of  the  numerous  spreads  of  the  lateritic  rocks  which  fringe  the  eastern  coast 
of  the  peninsula  between  Latitude  13°  50'  and  11°  20'  north,  only  a  few  extend 
inland  sufficiently  far  wesWard  to  come  within  the  limits  of  the  North  Arcot 
district.  There  is,  horvever,  abundant  evidence  that  these  rocks  had  formerly  a 
much  wider  westerly  extension,  and  that  their  present  western  limits  are  bound¬ 
aries  of  denudation  and  not  of  deposition.  The  chief  outcrops  of  them  [occur 
along  or  close  to  the  ea,stern  boundary  of  the  district,  and  are  in  most  cases 
seen  to  rest  upon  the  Upper  Gondwana  beds,  to  which,  however,  they  are  markedly 
unconformable,  and  in  many  cases  they  overlap  on  to  the  gneiss.  All  the  out¬ 
crops  of  importance  lie  to  the  north  of  the  Palar. 

The  most  southerly  patch  of  lateritic  beds  requiring  notice  lies  between  the 
north  bank  of  the  Palar  and  the  alluvium  of  the  Kortelliar,  about  twelve  miles 
east  of  Arcot  toAvn.  It  is  in  reality  only  the  extreme  western  end  of  a  vey  large 
lateritic  area  which  occupies  further  eastward  nearly  the  whole  of  the  Conjeveram 
taluq.  The  prevalent  rock  here  seen  is  of  a  red  sandy  variety  Avith  scattered 
patches  of  ferruginous  gravel. 

To  the  north  of  tho  Kortelliar  the  laterite  occurs  in  the  form  of  an  enormously 
coarse  shingle  or  generally  uncompacted  conglomerate,  such 
Shingle  conglomerate.  south  of  the  Chinnamapett  rail- 

Avay  station.  Further  north  tho  surface  of  the  Pyanur  area  of  Rajmahal  beds  is 
widely  covered  with  an  equally  coarse  shingle  associated  Avith  large  quantities 
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of  ferruginous  gravel  and  clay  binding  the  'vvliole  into  a  semi-compact  conglo* 
mcrate,  which  is  tho  general  character  of  the  lateritic  beds  further  north  round 
the  base  of  the  Naikenpalem,  Ahknr,  and  Sattavedn  hills,  tho  coarseness  of  the 
included  shingle  and  the  amonnt  of  fen-nginons  cement  associated  with  it  being 
locally  of  variable  quantities.  Where  the  shingle,  which  consists  almost  entirely  of 
quartzite,  attains  a  great  degree  of  coarseness  the  ferruginous  matrix  is  often  masked 
to  a  very  great  extent,  the  peculiar  vermicular  cavities  so  characteristic  of  non- 
conglomeratic  laterite  are  never  seen,  and  the  correlation  of  the  two  varieties  as 
members  of  one  and  the  same  geological  formation  is  made  entirely  upon  strati- 
graphical  grounds. 

The  principal  lateritic  areas  lying  westward  of  the  eastern  botindary  of  the 
district  are  those  along  the  western  base  of  the  Eamagiri  and  the  eastern  base 
of  the  Nagari  mountains,  and  some  spreads  in  the  valley  of  the  Swarnamukhi 
river  near  the  Madras  railway  at  Karkambadi.  In  the  two  first  of  these  areas 
the  rock  is  much  less  coarsely  conglomeratic  than  around  the  Alikur  and  Satta- 
vedu  hills  and  over  the  Pyanur  area. 

The  surface  of  the  Pyanur  laterite  patch  is  very  thickly  strewn  with  the  ex¬ 
tremely  coarse  quartzite  shingle  weathered  out  of  the  underlying  conglomerate, 
and  in  many  places  progress  even  on  foot  is  by  no  means  easy  across  the  great 
smooth  and  highly  slippery  stones.  The  surface  is  so  extremely  stony  that  great 
tracts  remain  waste.  That  a  very  flat  coicntry  should  be  so  inaccessible  owing  to 
the  thickly  strewn  products  of  partial  weathering  of  the  rocks  forming  the  surface 
is  a  very  singular  phenomenon. 

Remains  of  lateritic  beds  are  very  numerous  to  the  westward  of  the  present 
westerly  boundaries  of  the  formation,  hlany  such  re- 
Debris  of  lateritic  beds.  noted  as  much  as  six  or  eight  miles  away  from 

the  nearest  of  tho  undisturbed  beds,  and  a  closer  search  of  the  country  would 
probably  show  such  ruins  even  far  further  in  that  direction.  The  greater  west¬ 
ward  extension  of  the  lateritic  rocks,  before  adverted  to,  is  thus  abundantly 

proved.  ^ 

Proofs  that  tho  lateritic  formations  were,  in  part  at  least,  formed  since  man  s 
^  t  advent  on  earth  are  numerously  met  with  in  the  North 

implements.  Arcot  laterite  patches  in  the  form  of  well-shaped  chipped 

implements  of  palseolithic  types  made  of  quartzite.  Many  of  these  were  dis¬ 
covered  by  the  geological  surveyors  in  nearly  all  the  lateritic  patches,  and  in 
many  cases  also  among  the  debris  marking  the  sites  of  the  now  denuded  parts 
of  tho  old  extensions.,  e.  g.,  among  the  gravelly  ferruginous  debris  lying  in  the 
sui-face  of  the  gneiss  at  and  around  the  Arkonam  railway  junction  at  an  eleva¬ 
tion  of  more  than  300  feet  above  sea  level. 

The  highest  elevations  to  which  the  implement-bearing  lateritic  rocks  have 
f  loi.AUi.  been  traced  in  this  region  are  the  neighbourhood  of  the 
l,eds.  Madi’as  railway  at  Karkambadi,  in  the  Swarnamukhi 

valley,  and  the  westernmost  slopes  of  the  Naikenpalem  hills  ;  in  the  former  case, 
the  implements  occur  at  an  elevation  of  370  feet  above  sea  level,  m  the  latter, 
at  a  probable  elevation  of  between  600  and  600  feet.  The  Karkambadi  beds 
yielded  a  great  number  of  fine  implements  to  the  search  of  Mr.  W.  R.  Robin- 
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son,  c.  E.,  Cliief  Engineer  of  tlie  Madras  Railway,  wlien  Resident  Engineer  at 
that  place. 

There  can  be  little  doubt  that  the  great  accumulations  of  well  rolled  quart- 
Age  of  certain  shingle  zite  shingle  which  rest  on  the  southern  bank  of  the 
beds.  Nagari  Nose  mountain  and  on  the  flanks  of  some  of  the 

mountains  fui-ther  north  must,  in  part  at  least,  be  reckoned  as  of  the  age  of  the 
lateritic  period,  as  they  correspond  closely  in  position  and  mineral  character  with 
the  higher-lying  lateritic  beds  just  mentioned.  The  Nagari  Nose  shingle  bed 
is  deeply  stained  with  iron  from  the  ferruginous  mati'is  which  must  have  once 
surrounded  the  perfectly  non-ferruginous  quartzite  shingle,  for  that  is  the  only 
way  of  accounting  for  the  deep  and  indelible  purple-red  color  borne  by  the 
natural  pale-colored  quartzite.  As  now  seen,  the  shingle  suggests  instantly 
the  idea  of  its  being  an  old  raised  beach. 

The  origin  of  the  lateritic  formations,  owing  to  the  total  absence  of  all 
organic  remains  (the  chipped  implements  being  only  indirectly  of  organic 
origin),  is  wrapped  in  obscurity  and  doubt.  Three  theories  have  been  pro¬ 
pounded  to  explain  the  existence  of  these  formations  which  fringe  the  western 
and  eastern  sides  of  the  peninsula  from  a  little  south  of  Bombay  right  round  to 
Cuttack  and  still  further  north.  The  three  theories  have  been  discussed  at 
some  length,  each  having  something  in  its  favor,  but  they  are  still  subjudicef 
and  this  is  not  the  place  for  continuing  the  discussion. ‘ 

They  may  be  briefly  designated  as  the  marine,  the  fluviatile,  and  the  sub¬ 
aerial.  As  at  present  seen,  none  is  altogether  sufficient  to  explain  the  various 
difficulties,  and  it  is  very  possible  that  all  three  must  be  enlisted  before  more 
light  can  be  thrown  on  the  subject. 

The  Alluvial  Eoemations. 

The  alluvia  occurring  within  the  North  Arcot  district  are  all  of  fluviatile 
origin,  and  occupy  the  valleys  of  the  principal  rivers,  but  are  developed  only  to  a 
very  moderate  extent,  and  would  offer  no  points  of  special  interest  were  it  not 
that  in  two  cases  there  is  evidence  of  the  rivers  having  changed  their  courses 
widely  and  formed  a  second  series  of  deposits  in  other  valleys. 

The  first  of  these  cases  is  that  of  the  Palar,  the  principal  river  of  the  district. 
Change  of  course  of  which  now  flowsintotheseaforty-twomilessouth of  Madras, 
the  Palar.  but  which  formerly  flowed  down  what  is  now  reckoned 

the  alluvial  valley  of  the  Kortelliar  river  and  entered  the  sea  somewhere  to  the 
north  of  Madras,  probably  between  Gunore  and  Pulicat.  A  glance  at  the 
geological  map  will  show  that  the  present  valley  of  the  Palar  is  very  dispropor¬ 
tionate  in  size  to  the  river,  and  equally  that  the  alluvium  of  the  Rortelliar  is 
gi’catly  disproportionate  to  its  river,  which  now  flows  in  a  deep  channel. 

■  For  the  discussion  of  these  theories,  the  reader  is  referred  to  Mr.  Foote’s  papers  on  tlie  subject 
of  stone  implements  in  Southern  India  in  the  Madras  Literary  .lourual  for  October  1866,  the 
Quarterly  Journal  Geological  Society  of  1868,  l).  48t,  and  the  Memoirs  Geological  Survey  of  India, 
A^ol.  X,  pp.  51,  &o.  Also  stone  Implements  of  Great  Britain  by  John  Kvans,  n.c.L.,  F.E.S.,  and  lastly, 
to  the  resume  hy  Mr.  W.  T.  Blanford,  in  the  Manual  of  the  Geology  of  India  (Vol.  I,  pp.  368-370), 
of  the  facts  known  about  the  low-level  laterito. 
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Tlie  two  valleys  diverge  at  a  place  about  ton  miles  east  of  the  town  of  Arcot, 
and  a  small  stream  (or  irrigation  channel)  still  branches  fi’om  .the  Palar  here 
and  flows  down  the  Kortelliar  valley  for  many  miles  and  eventually  joins  the 
latter  river.  To  this  stream  the  natives  have  given  the  Sanscrit  name  of 
Vridacharanadi  or  “  old  milk  river,  ”  the  Tamil  name  of  the  main  river  “  Palar,  ” 
also  signifying  “  milk  river.”  The  alluvium  occupying  this  valley  consists  of  coarse 
gritty  loose  silicious  sand  of  gneissic  origin. 

The  second  case  is  that  of  the  Nagari  (Naggery)  river,  which  in  former 
Chance  of  course  of  times  appears  to  have  fallen  into  the  Narnavaram  river, 

the  Nagari  river.  just  south  of  the  Ramagiri,  and  close  to  the  village  of 

Nagloperam.  The  present  course  of  the  river  lies  down  the  old  alluvial  valley 
for  a  (little  more  than  throe  miles  east  from  the  railway  bridge.  It  then  turns 
sharply  south-east,  leaves  the  alluvium,  and  flows  through  a  cutting  in  the 
gneiss  about  a  mile  and  a  half  long  and  falls  into  the  Trittani  rivei’,  which  joins 
the  Kortelliar  a  few  miles  further  east.  In  consequence  of  this  the  broad  alluvial 
valley  which  runs  between  the  Nagaiu  mountain  and  the  Alikur  hills  is  now 
di’ained  only  by  small  streams  and  artificial  channels.  Tlie  alluvia  deposited  by 
the  Nagari  river  both  in  its  old  and  new  valleys  consist  almost  entirely  of  coarse 

gi’itty  sand  like  that  of  the  Palar.  No  alluvium  appears  to  be  deposited  at 

present,  but  the  streams  seem  to  be  cutting  their  bods  deeper  and  deeper  every 
season. 

No  information  was  procurable  from  the  natives  as  to  the  time  w'hen  these 
changes  took  place,  but  the  probability  is  that,  geologically  speaking,  they  are  of 
very  recent  date,  as  may  bo  inferred  in  the  case  of  the  Palar  from  the  name 
given  to  the  channel  which  still  falls  into  the  Kortelliar ;  and  in  the  case  of  the 
Nagari  river,  from  the  fact  that  the  cutting  through  the  gneiss  by  which  the 
river  escapes  from  its  old  alluvial  valley  presents  every  appearance  of  being  of 
artificial  origin,  and  must  in  that  case  have  been  the  work  of  a  people  boasting 
some  considerable  civilization. 

The  Soils  and  Sub-aeeial  Pormations. 

Of  the  soils  in  North  Arcot  little  need  be  said  ;  they  appear,  as  a  rule,  to  be  the 
product  of  the  weathering  of  the  local  rocks,  or  to  have  been  brought  from  but  tii- 
fling  distances  by  pluvial  action.  The  prevalent  soils  are  red,  and  of  these  the 
sandy  form  is  the  most  common. 

Of  the  sub-aerial  formations  the  only  really  interesting  and  important 
ones  are  the  taluses  around  the  quartzite-capped  mountains  in  the  north-eastern 
corner  of  the  district.  As  already  pointed  out,  the  talus  accumulations  are  two¬ 
fold,  and  consist  partly  of  great  collections  of  well  rounded  shingle  referable  to 
the  lateritic  period,  and  above  them  of  the  angular  unrolled  debns  detached  from 
the  great  scarps  by  atmospheric  agencies,  which  debris  here  now  shows  the  deep 
ferruginous  stain  characteristic  of  the  lateritic  shingle  beds.  On  a  greatly  smaller 
scale,  but  still  of  considerable  importance,  are  the  talus  accumulations  on  and 
around  the  newer  Rajmahal  and  lateritic  formations  in  the  Sattavedu,  Alikur, 
and  Pyanur  areas.  The.se  consist  in  both  cases  almost  entirely  of  well  rolled 


PART  4.] 


Fooie  :  Geology  of  North  Arcot  Dislricl. 


207 


quartzite  shingle  weathered  out  from  the  many  important  conglomerated  beds 
occurring  in  both  series. 

Economic  Geology. 

The  information  on  this  branch  is  not  .so  complete  as  might  be  wished,  owing 
to  the  non-completion  of  the  survey  of  the  di.strict.  The  granitoid  gneiss  occupy¬ 
ing  the  greater  part  of  the  gneissic  area  offers  nothing  but  building  stone  ;  but 
of  this  much  is  of  great  beauty  and  value,  and  has  been  very  largely  used  for  many 
large  native  buildings,  as  the  forts  at  Vellore  and  elsoAvhcre,  and  among  European 
buildings,  particularly  in  the  construction  of  many  railway  stations,  bridges,  and 
culverts. 

The  highly  felspathic  varieties  of  the  granite  gneiss  are  occasionally  so  greatly 
decomposed  as  to  appear  to  offer  sources  for  the  collection 
of  kaolin  or  China  clay.  When  carrying  on  the  survey  of 
the  Vellore  and  Eudialtham  taluqs,  I  noticed  various  spots  which  appeared  to  me  to 
be  deserving  of  attention  with  this  object  till  I  had  seen  some  of  the  great  China 
clay  works  in  Cornwall,  which  I  visited  specially  for  the  purpose  of  study  when 
at  home  in  1868. 

The  conclusion  I  then  came  to  was,  that  none  of  the  North  Arcot  localities 
showed  rocks  sufficiently  rich  in  decomposed  felspar  to  be  of  much  importance. 
The  extent  to  which  the  Indian  rocks  have  been  penetrated  by  decomjiosition  is 
greatly  less  than  the  Cornish  rocks,  and  the  quantity  of  clay  which  would  there¬ 
fore  be  procurable  in  India  would,  area  for  area,  ho  greatly  smaller  than  in 
Cornwall.  Added  to  this  very  serious  disadvantage  is  the  difficulty  of  a  suitable 
water-supply.  To  insure  the  preparation  of  kaolin  of  good  color,  which  alone 
commands  a  high  price,  a  very  large  supply  of  perfectly  limpid  water  is  a  sine- 
qua-non.  This  is  not  always  easy  to  obtain  even  in  a  rainy  climate  like  that  of 
the  south-west  of  England,  where  running  streams  are  of  frequent  occurrence, 
and  in  a  dry  climate  like  that  of  the  Carnatic,  this  want  could  only  bo  met  by 
the  construction  of  special  reservoirs  of  large  size,  in  which  the  water  could  be  al¬ 
lowed  to  stand  for  many  months  after  the  rainy  season,  till  all  the  suspended 
particles  of  ferruginou.s  clay  had  settled,  and  the  water  itself  has  become  per’- 
fectly  limpid.  If  the  great  cost  of  providing  such  supplies  of  limpid  water 
free  from  saline  matter  in  an  eminently  dry  country  be  taken  into  consideration, 
together  with  the  fact  that  the  kaoliniferous  decomposed  rock  occurs  in  gi-eatly 
smaller  quantity,  and  is  generally  much  less  free  from  ferruginous  staining  duo 
to  the  filtration  through  the  almost  universally  overlying  red  soil,  the  conclusion 
seems  inevitable  that  the  prospects  of  establishing  profitable  China  clay  works 
in  North  Arcot  are  not  very  promising. 

To  return  to  the  subject  of  building  stones :  the  rocks  of  the  gmeissic  series 

.  alone  offer  an  inexhaustible  supply  and  localities  which 

Building  stones.  1 1  1 1  n  ^  ^  < 

W'ould  yield  first  rate  material  in  any  quantity  might  bo 

enumerated  by  the  score,  if  needful.  The  mention  of  only  a  few  must,  however, 

suffice ;  these  are  Palikonda  hill,  Vellore,  Wandiwash,  and  Chitpat,  south  of  the 

PaMr,  and  Ranipet,  Sholiiighur,  and  Trittani,  north  of  that  river. 

The  quartzites  of  the  Kadapa  series  are  too  hard  and  expensive  in  working  to 
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be  used  except  as  rougli  builcliug  stones ;  and  the  sandstones  of  the  Kajinahal  beds 
ai’e  not  hard  enough,  except  in  a  very  few  cases,  to  be  of  much  value.  Neither  Mr. 
Oldham,  Mr.  King,  nor  myself  came  acros.s  any  that  were  fit  for  first  class  pur¬ 
poses,  such  as  millstones  or  grindstones.  Nor  were  any  of  the  clay  beds  noted 
in  the  Alikur  and  Pyanur  areas  of  sufficiently  good  color  to  be  of  much  value. 
The  pottery  clays  used  by  the  people  are  taken  from  the  younger  lateritic  or 
alluvial  deposits,  and  are,  as  a  rule,  of  very  inferior  quality. 


On  the  continuation  of  the  road  section  from  Mureee  to  Abrottabad, 
hxj  A.  B.  Wynne,  F.G.S.,  Geological  Survey  of  India. 

In  a  former  paper  (Vol.  VII,  p.  64),  I  described  the  section  from  Murree 
to  Kalabagh  Post,  along  the  upper  or  military  road  through  the  galis  (“gullies”), 
as  it  is  usually  called. 

At  Kalabagh,  the  summit  level  of  this  road  (about  8,000  feet  by  aneroid), 
the  nummulitic  limestone  and  shales  of  the  hills  are  in  junction  with  the  azoic 
Attock  slates  of  the  Mian-jani-ka  Chowki  range,  this  junction  being  ajiparently 
effected  by  means  of  a  fault  concealing  all  of  the  intervening  rocks  that  may  be 
present.  The  slates  are  much  folded  and,  about  half  way  between  Kalabagh  and 
Baragali,  include  a  band  of  the  usual  frilled,  dolomitized,  seemingly  slightly 
altered  and  entirely  unfossiliferous  limestone  found  elsewhere  in  these  slates. 
It  extends  in  the  strike  across  the  ridge  supporting  the  road,  and  similar  bands 
may  be  seen  projecting  at  the  surface  of  a  sj)ur  from  Mianjani  mountain,  and 
forming  the  crest  of  another  ridge  running  out  westward  from  Baragali,  in  both 
cases  with  a  northerly  dip.  Near  the  last-named  place  the  slates  contain  bands 
of  hard  dark  grey  or  bluish  silicious  sandstones,  and  further  on  down  the  steep 
incline  to  the  northwards  at  Bantangi  purplish-red  slab-slates  occur  near  the 
junction  with  the  limestones  of  the  northern  side  of  the  great  Mianjani  slate  tract. 

The ,  junction  here  differs  fi’om  that  at  Kalabagh,  but  has  scarcely  less  the 
appearance  of  a  faulted  or  dislocated  contact,  the  plane  of  which  is  partly  verti¬ 
cal  and  partly  sloping  to  the  north,  for  on  the  western  side  of  the  Batungi  Kad, 
the  limestone,  almost  entirely  concealed  by  dense  forest,  slopes  upward  and 
backward  to  the  south,  while  the  whole  hill  face  on  the  opposite  side  of  the 
Kad  is  of  slate,  as  usual  crushed,  contorted,  and  folded. 

Just  at  the  contact,  whoi’e  a  pui'plish  color  pervades  the  slates  in  some 
places,  the  next  adjacent  rocks  are  vortical  light-colored  quartzites,  of  small 
thickness,  succeeded  by  compact  and  sandy  limestones  containing  many  impres¬ 
sions  and  sections  of  brachiopods,  mostly  of  small  size,  many  of  them  resembling 
casts  of  Terebratula ;  some  obscure  spiral  gastropods,  and  some  layers  crowded 
with  the  curved  fragments  of  small  bivalves  also  occur.  These  hard  limestones 
have  nothing  beyond  the  most  general  similarity  to  the  hill  nummulitic  lime¬ 
stone  beds ;  they  are  often  dark  or  nearly  black,  and  some  of  the  bluer  layei’s 
present  a  curious  but  characteristic  yellow-mottled  appearance  frequently  ob¬ 
served  in  the  limestones  of  the  Dungagali  and  Changlagali  road,  where  these 
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have  been  supposed  of  triassic  age,  for  which,  however,  there  seems  little  more 
than  a  conjecture  on  the  part  of  Dr.  Waagen,  as  the  fossils,  when  the  beds  contain 
any,  are  mostly  very  obscure.  Other  beds  show  a  tangled  mass  of  fucoids  on  the 
surfaces.  These  limestones  are  largely  distorted,  forming  at  first  a  com2fiex 
synclinal  curve  crossed  by  the  throat  of  the  Batungi  gorge.  Before  leaving  this 
narrow  p>art  of  the  gorge  and  turning  eastwards  towards  Bagnotur,  the  road  crosses 
a  small  hollow  in  the  limestone  hills  north  of  the  synclinal  arrangement  of  the 
beds.  In  the  hollow  and  on  the  sIojjgs  on  the  oj^posite  side  of  the  Kad  some 
small  dogas  or  field  teiTaces  show  the  wmsto  of  dark  shaly  rocks,  so  that  possibly 
some  fragment  of  Spiti  shales  may  here  occur,  to  mark  a  boundary.  Beyond 
this  hollow  and  until  the  road  has  curved  eastward,  the  dark  limestones  become 
more  like  the  lowest  of  the  nummulitic  ones ;  they  contain  disseminated  and 
nodular  2>yrites  and  a  thin  band  or  bands  of  very  dark  coloured  ferruginous  clay 
with  rounded  quartz  grains  and  spangles  of  mica,  but  no  fossils  could  be 
detected.  Just  at  the  turn  some  broken  and  detached  portions  of  what  may 
once  have  been  a  more  continuous  layer  of  dark  ferruginous  oolitic  hematite 
clay  is  enclosed  among  the  limestone  beds.  It  has  slight  resemblances  to  the 
golden  oolite  of  the  Salt-range  and  Kach,  but  is  not  identical  with  that  rock. 
A  little  way  beyond  it  the  limestone,  if  it  has  any  general  dip,  slopes  southerly, 
and  the  first  distinct  traces  of  nummulitic  fossils  ajijocar  in  foraminiferous  forms 
distinguishable  with  a  good  lens,  amongst  them  the  little  organisms  referred  to 
in  a  former  paper  (Vol.  X,  p.  114),  and  tiny  Botalina-like  forms,  as  well  as 
little  nummulites,  most  of  which  might  escape  observation  with  unassisted  eyes. 

At  Bagnotur  one  has  descended  some  3,230  feet  (aneroid)  from  Kalabagh, 
within  a  distance  of  five  miles  by  the  road  (much  less  in  a  straight  line),  and 
just  before  reaching  the  bungalow  or  rest-house,  the  Attock  slates  again 
apjiear,  occupying,  beneath  enormous  masses  of  debris,  the  lower  part  of  this 
valley  and  that  of  the  river  Dore  coming  from  the  eastward,  which  here  unite. 
The  slates  continue  in  this  j)osition,  chiefly  on  the  south  side  of  the  Dore  valley, 
uniting  eastward  with  the  main  mass  of  the  Mianjani  exposure,  so  that  the  lime¬ 
stones  just  now  mentioned  form  a  tongue  stretching  in  the  direction  stated  from 
those  occujiying  much  of  the  northerly  jJarts  of  the  lower  Hazai’a  hills.  As  it 
is  the  nummulitic  part  of  these  limestones  which  occurs  in  junction  with  the 
slates  and  not  one  of  the  older  groufis,  it  may  bo  jn-esumed  the  contact  here 
again  is  effected  by  a  fault. 

Following  the  Abbottabad  road  from  Bagnotur  downwards  to  the  bridge 
over  the  Dore,  G70  foot  below  the  bungalow,  another  a^ijiarently  faulted  junction 
with  the  limestones  is  crossed  before  reaching  the  lowest  pioint.  These  lime¬ 
stones  di]D  north-westward,  are  strong-bedded,  comp)act,  and  of  dark-grey  colour, 
containing  small  fragmentary  fossils,  amongst  which  I  observed  the  basal  portion 
of  a  shark-like  fish  tooth.  They  are  sometimes  semi-oolitic,  and  sometimes 
contain  knots  or  blebs  of  carbonate  of  lime,  the  whole  assemblage  having  the 
aspect  of  the  supjjosed  triassic  limestone  of  those  liills. 

Where  the  Dore  bridge  sj)ans  the  chasm  below  this  ^lomt,  similar  liinestone.s 
dip  at  high  angles  to  the  eastward,  and  I’ising  from  the  bridge  high  over  the 
northerly  channel  of  the  stream,  they  are  seen  to  include  a  10-foot  band  of 
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purple  and  light-coloured  ferruginous  shale  lying  between  dolomitic  and  dark  j 
lumpy  bands.  Further  on  dirty  brown  limestone  is  full  of  shell  fragments,  and 
again  solid  limestone  alternates  with  shaly  bands.  : 

This  gorge  is  the  mo.st  profound  traversed  by  the  road ;  on  one  of  the  i 
mountains  close  to  the  westward,  overlooking  it,  a  height  is  marked  of  6,645  feet ;  j 

and  supposing  the  stream  to  be  4,200  feet,  the  section  exposed  in  the  steep  i 

mountain  side  may  be  nearly  2,000  feet  in  height.  The  rocks  for  about  a  mile 
in  the  narrow  part  of  this  gorge  are  all  of  the  triassic  aspect  just  now  described, 
and  they  are  seen  to  be  contorted  in  the  wildest  fashion,  a  group  of  hard  beds 
showing  their  edges  vertically  for  some  hundreds  of  feet,  and  standing  as  it  were 
upon  a  strong  horizontal  outcrop  below,  as  well  as  presenting  in  other  places  a 
variety  of  compressed  curves.  Leaving  the  narrow  part  of  the  gorge  and 
descending  into  the  valley  of  a  small  tributary  from  the  east,  the  Attock  slates 
are  again  expiosed,  forming  a  small  denuded  inlier,  beyond  which  northwards 
crags  of  the  disturbed  triassic-looking  limestone  reappear.  Just  beyond  this, 
the  Dore  river  bonds  to  the  west,  and  in  its  further  bank  (the  left),  there  is  an 
exposure  of  black  Sp)iti  shale  with  fragmentary  Ammonites  and  many  Belemnites 
as  usual.  From  this  onwards,  the  road  rises  high  above  the  right  bank  of  the 
river,  and  passes  along  cuttings  in  much  contorted  nummulitic  limestone,  with 
two  or  three  exposrrres  of  black  coaly  or  car’bouaceous  shale,  associated  with 
ferruginous  and  quartzite  sandstone.  Black  shales  are  also  seen  cropping  out 
at  the  lower  part  of  the  limestone  cliffs  on  the  ojjposite  (southern)  side  of 
the  river. 

As  the  valley  opens  and  the  road  enters  the  little  flat  of  Damtour,  lime¬ 
stones  of  triassic  aspect  come  out  from  under  the  nummulitic  ones,  and  form  the 
face  of  the  hill  east  of  the  village.  Beneath  these  limestones  are  seen  the 
Attock  slates  with  a  high  easterly  dip,  and  the  lowest  bed  of  the  limestone  series 
above,  resting  directly  upon  the  slates,  is  a  sandy  conglomeratic  one  enclosing 
fragments  of  the  underlying  slate  gTOup,  as  observed  in  the  Sirban  mountain 
sections ;  but  it  is  worth  notice  that  the  largely  developed  masses  of  red  sandy  or 
earthy  ferruginous  beds  and  greyer  silicious  dolomites  representing  the  Infra- trias 
group  of  that  adjacent  mountain  are  here  absent. 

From  Damtour  onwards  the  road  passes  among  and  over  the  deep  detrital 
deposits  of  the  Abbottabad  plain. 

The  mountains  to  the  eastward  repeat,  with  numerous  disturbances  and 
dislocations,  the  features  of  the  Sirban  mountain  section,  described  in  Memoirs 
Geological  Survey,  Vol.  IX,  Art.  3.  The  Spiti  shales  are  locally  more  largely 
developed,  and  likcAvise  fossiliferous  Belemnitti  and  Ammonite-bQ&ving  sandstones, 
which  may  be  a  portion  of  those  referred  to  the  Gieumal  group.  The  Infra-trias 
cherty  dolomites  are  largely  present  in  the  northern  parts  of  these  mountains, 
but  appear  to  be  capriciously  distributed,  sometimes  alternating  with  sub-fossili- 
feroua  bands  having  entirely  the  triassic  aspect,  and  in  places  occurring  in  some 
force  before  they  rather  suddenly  disajipcar  to  the  southwards.  Their  connexion 
with  the  Tanol  gi’oup  of  Hazara  is  strongly  suggested  by  the  sections  in  the 
northern  parts  of  these  liills,  and  will  be  refeiTed  to  in  a  separate  note. 
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DONATIONS  TO  THE  MUSEUM. 

■  1st  July  to  30th  September  1879. 

Donors. 

Coal-sEale  witli  Vertebraria,  from  Wallerawang,  New  South  Wales. 

Coal-shale  with  Glossopteris,  same  locality. 

(Through  V.  Ball,  Esq.). 

Professor  Boyd  Dawkins. 

Eight  specimens  of  minerals  and  rocks  (all  metamorphio)  from  above  8,000  feet 
on  the  Safed  Koh,  near  Gandamak. 

Major  H.  C.  B.  Tanner. 

White  quartzite,  highest  peak  of  the  Safed  Koh. 

White  mai’ble  from  Safed  Sang. 

Soapstone,  Terakai  hill  summit,  above  Murkekhel.  .......  ... 

^  G.  B.  Scott,  Esq. 

A  collection  of  rock  fragments  and  pebbles,  many  I’olled  and  imperfect  fossils,  and 
small  samples  of  soil  from  between  the  Khojah  Pass  and 
Sueari  Barkhan.  (See  Pro.  Asiatic  Society,  Bengal,  June 
1879.) 

Lieutenant  R.  C.  Temple. 

Geological  specimens,  mostly  small  rock-fragments  and  some  fossils,  cretaceous 
and  tertiary,  from  Southern  Afghanistan.  (See  Pro.  Asiatic 
Society,  Bengal,  August  1879.) 

Surgeon-Major  C.  F.  Oldham. 


ADDITIONS  TO  THE  LIBRARY. 


From  1st  July  to  30ih  September  1879. 


Titles  of  Books.  honors. 

Bigsby,  J.  J. — Thesaurus  Devonico-Carboniferus.  The  Flora  and  Fauna  of  the 
Devonian  and  Carboniferous  Periods  (1878),  4to,  London. 
Boyd,  R.  Nelson.— Coal  Mines  Inspection,  its  history  and  results  (1879),  8vo, 
London. 


Doyle,  P. — Tin  Mining  in  Larut  (1879),  8vo,  London. 

The  Author. 

Haeckel,  Ernst. — The  History  of  Creation,  Vols.  I-II  (1876),  8vo,  London. 
Harrison,  W.  Jerome. — Practical  Geology  (1878),  8vo,  London. 

Hartig,  Dr.  Theodor. — Anatomie  und  Physiologio  der  Holzpdanzen  (1878),  8vo, 
Berlin. 

Hughes,  A,  W. — A  Gazetteer  of  the  Province  of  Sindh  (1874),  8vo,  London. 


W.  T.  Blasford,  Esq. 
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Titles  of  Boohs. 


Donors. 


Lindley,  De.,  and  Hutton,  W. — Illustrations  of  Fossil  Plants  (1877),  8vo, 
London. 

McCoy,  F. — Prodromns  of  the  Paleontology  of  Victoria,  Decade  IV  (1876),  8vo 
Melbourne. 

Moeeis,  John. — A  Catalogue  of  British  Fossils,  2nd  Edition  (1854),  8vo 
London, 


F.  Fedden,  Esq. 


Owen,  Richaed. — Memoirs  on  the  Extinct  Wingless  Birds  of  New  Zealand, 
Vols.  I  and  II  (1879),  4to,  London. 

Royal  Society’s  Catalogue  of  Scientific  Parsers,  Vol.  VIII  (1879),  4to,  London. 

Rutley,  Feank. — The  Study  of  Rocks  (1879),  8vo,  London. 

Rdhlmann,  De.  R. — Die  Baroinetrischen  Hohonmossungon  (1870),  8vo,  Leipzig. 

Smyth,  W.  W.,  Reeks,  T.,  and  Rddlee,  F.  W. — Catalogue  of  the  Mineral  Col¬ 
lections  in  the  Museum  of  Practical  Geology  (1864),  8vo, 
London. 

Thomas,  J.  W. — A  Treatise  on  Coal,  Mine-Gases,  and  Ventilation  (1878),  8vo, 
London. 

U.  S.  Geological  Expiloration  of  the  40th  Parallel,  Vol.  I.  Systematic  Geology 
by  Clarence  King  (1878),  4to,  Washington. 

C.  King,  Esq. 

Vega’s  Logarithmisch  Trigonometrisches  Handbuch  (1878),  8vo,  Berlin. 

Watts,  Heney. — A  Dictionary  of  Chemistry,  3rd  Supple.,  Part  1  (1879),  8vo, 
London. 


PERIODICALS,  SERIALS,  &c. 

American  Journal  of  Science  and  Arts,  3rd  Series,  Vols.  XVII,  No.  102,  and 
XVIII,  Nos.  103-104  (1879),  8vo,  New  Haven. 

The  Editoes. 

Annalcn  der  Plij^sik  nnd  Chemie,  New  Series,  Band  VII,  heft  2-4  (1879), 
8vo,  Leipzig. 

Annales  des  Mines,  7th  Series,  Vol.  XV,  livr.  1-2  (1879),  8vo,  Paris. 

L’Adminis.  DBS  Mines. 

Annals  and  Magazine  of  Natural  History,  5th  Series,  Vols.  Ill,  No.  18,  and  IV 
No.  20  (1879),  8vo,  London. 

Archiv  fiir  Natnrgeschi elite,  Jahrg.  XLV,  heft  3  (1879),  8vo,  Berlin. 

Athemeum,  Nos.  2694-2706  (1879),  4to,  London. 

Beiblatter  zu  den  Annalen  dor  Physik  nnd  Chemie,  Band  III,  Nos.  6-8  (1879), 
8vo,  Leipzig. 

Bibliothequo  Univcrselle  ot  Revuo  Suisse,  3rd  Series,  Vols.  II,  Nos.  4-6,  and  III, 
No.  7  (1879),  8vo,  Lausanne. 

Bibliothequo  Univcrselle.  Archivc.s  des  Sciences  Physiques  et  Naturellcs,  3rd 
Series,  Vols.  I,  Nos.  3-6,  and  II,  No.  7  (1879),  8vo,  Geneva. 
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Titles  of  Boohs.  Donors. 

Cliemical  News,  Vols.  XXXIX,  Nos.  1020-1022,  and  XL,  Nos.  1023-1032 
(1879),  4to,  London. 

Colliery  Guardian,  Vols.  XXXVII,  Nos.  962-965,  and  XXXVIII,  Nos.  966-974 
(1879),  fol.,  London. 

Geological  Magazine,  New  Series,  Decade  II,  Vol.  VI,  Nos.  6-8  (1879),  8vo, 
London. 

Iron,  New  Series,  Vols.  XIII,  Nos.  335-337,  and  XIV,  Nos.  338-347  (1879),  fol., 
London. 

Journal  de  Concliyliologie,  3rd  Series,  Vol.  XIX,  Nos.  1-2  (1879),  8vo,  Paris. 

London,  Edinburgh,  and  Dublin  Philosophical  Magazine  and  Journal  of  Science, 
5th  Series,  Vols.  VII,  No.  45,  and  VIII,  Nos.  46-47  (1879), 
8to,  London. 

Mining  Journal,  with  Supplement,  Vol.  XLIX,  Nos.  2285-2297  (1879),  fob, 
London. 

Monthly  Journal  of  Science,  3rd  Series,  Vol.  I,  Nos.  66-68  (1879),  8vo,  London. 

Nature,  Vol.  XX,  Nos.  502-514  (1879),  4to,  London. 

Naturae  Novitates,  Nos.  1-16  (1879),  8vo,  Berlin. 

Neues  Jahrbnch  fiir  Mineralogie,  Geologic,  und  Paleeontologie,  Jahrg.  1879,  heft 
5-7  (1879),  8vo,  Stuttgart. 

Palseontographica,  Supplement  III,  Lief  III,  heft  3  (1878),  4to,  Cassel. 

Petermann’s  Geographische  Mittheilungen,  Band  XXV,  Nos.  6-8  (1879),  4to, 
Gotha. 

Petermann’s  Geographische  Mittheilungen,  Supple.  No.  68  (1879),  4to,  Gotha. 

Professional  Papers  on  Indian  Engineering,  1st  Series,  No.s.  9,  11  and  22,  2nd 
Series,  Nos.  30  and  33  (1869,  1878,  and  1879),  8vo,  Roorkee. 

Thomason  Cotj.t:ge  of  Civil  Engineering. 

Quarterly  Journal  of  Microscopical  Science,  New  Series,  No.  LXXV  (1879), 
8vo,  London. 

GOVERNMENT  SELECTIONS,  &c. 

India. — Indian  Museum :  Annual  Reports,  Lists  of  Accessions,  and  selected 
Extracts  of  Minutes,  April  1878  to  March  1879,  Vol.  X 
(1879),  8vo,  Calcutta. 

The  Trustees. 

„  Lists  of  Officers  in  the  Survey  Departments  on  the  1st  July  1879  (1879), 
fisc.,  Calcutta. 

Home,  Revenue,  and  Agriculture  Department. 

,,  Selections  from  the  Records  of  the  Government  of  India,  Foreign  De¬ 
partment,  No.  168.  Annual  Administration  Report  of  the 
Garo  Hills  for  1878-79  (1879),  8vo,  Calcutta. 

PoREiGN  Department. 

Madras. _ Report  on  the  Administration  of  the  Madras  Presidency  during 

1877-78  (1879),  8vo,  Madras. 

Madras  Government. 
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TRANSACTIONS,  PROCEEDINGS,  &c.,  OP  SOCIETIES. 


Titles  of  Boolis.  Donors. 

Batavia. — Natuurkundig  Tijdsclirift  voor  NederlandscE-Indie,  Deel  XXXVIII 
(1879),  8vo,  Batavia. 


The  Society. 

Beelin. — Monatsbericht  der  Konig.  Preuss.  Akad.  der  Wissenscbaften  zu 
Berlin,  March,  April,  and  May  (1879),  8vo.,  Berlin. 

The  Academy. 


>> 


if 


Zeitscbrift  der  Dentscben  Geologiscben  Gesellscbaft,  Band  XXXI, 
heft  I  (1879),  8yo,  Berlin.  The  Society. 

Register  zn  dem  XXI  bis  XXX  bande  ditto  ditto,  (1869-78), 
8vo,  Berlin. 


The  Society. 


Beistod. — Proceedings  of  tlie  Bristol  Naturalists’  Society,  New  Series,  Vol.  II, 
Part  3  (1879),  8yo,  Bristol. 


The  Society, 

Brussels.—  Bulletin  de  la  Societe  Beige  de  Geograjibie,  1879,  Nos.  1-2  (1879), 
8to,  Bruxelles. 


The  Society. 


Calcutta. — Journal  of  the  Asiatic  Society  of  Bengal,  New  Series,  Vol.  XLVIII, 
Part  I,  Nos.  1-2,  and  Part  II,  No.  2  (1879),  8vo,  Calcutta. 

The  Society. 

,,  Proceedings  of  the  Asiatic  Society  of  Bengal,  Nos.  5-7  (1879),  8vo, 
Calcutta. 


The  Society. 


ii 


Memoirs  of  the  Geological  Survey  of  India,  Vol.  XVI,  Part  1  (1879), 
8 VO,  Calcutta. 


The  Sdevey. 


,,  Palaeontologia  Indica,  Series  II,  Part  4  (1879),  4to,  Calcutta. 

The  Survey. 

„  Recoi’ds  of  the  Geological  Survey  of  India,  Vol.  XII,  No.  3  (1879), 
8vo,  Calcutta. 

The  Survey. 

Christiana. — Beoggee,  W.  C. — Om  Trondbjemsfeldtets  Midlere  Afdeling  Mellem 
Guldalen  og  Meldalen  (1877),  8vo,  Plil.  Christiania. 

The  University. 

„  Kjeeulf.  De.  Theo. — Om  Stratifikationeus  Spor  (1877),  4to,  Phi. 
Christiania. 

The  University. 

„  Reusch,  H.H. — Grundfjeldeti  Sondre,  Sondnior  og  enDel  af  Nordf- 

jord  (1877),  8vo,  Phi.  Christiania. 


The  University. 
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Titles  of  Bool’S.  Donors. 

Christiana. — Reusch,  H.  H. — lagttagelscr  over  isskuret-Fjeld  og  forvitret 
Fjeld  (1878),  8vo,  Plil.  Cliristiania. 

The  Uniteesity. 

Dresden. — Sitznngs-Berichte  der  Natur-vTissenschaftliclien  Gesellscliaft,  Isis  in 
Dresden,  Jnli-December  1878  (1879),  8vo,  Di’esdon. 

The  Society. 

Dublin. — Jom’nal  of  the  Royal  Geological  Society  of  Ireland,  ISTew  Series,  Vol. 
V,  Part  1  (1878),  8vo,  Dublin. 

The  Society. 

Edinburgh. — Transactions  of  the  Royal  Scottish  Society  of  Arts,  Vols.  IX, 
Part  5,  and  X,  pt.  1  (1878),  8vo,  Edinburgh. 

The  SOCIETY; 

Glasgow. — The  Glasgow  Dniversity  Calendar  for  1879-80  (1879),  8vo,  Gla.sgow. 

The  University. 

London. — Catalogue  of  the  birds  in  the  British  Museum,  Vol.  IV  (1879),  8to, 
London. 

The  British  Museum. 

,,  Illustrations  of  the  typical  specimens  of  Lepidoptei’a  Heterocera  in  the 
collection  of  the  British  Museum,  Part  II,  by  A.  G.  Butler 
(1878),  4to,  London. 

The  Museum. 

,,  Index  to  the  Collection  of  Minerals  in  the  British  Museum  (1878), 
8vo,  London. 

The  British  Museum. 

,,  Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland, 
Vol.  VIII,  Xo.  3  (1879),  8vo,  London. 

„  Journal  of  the  Iron  and  Steel  Institute,  1871,  No.  2  ;  1872,  No.  1,  Part 
I,  and  Nos,  3  and  4  ;  1873,  Nos.  1-2  ;  1874,  Nos.  1-2  ;  1875, 
Nos.  1-2  ;  1876,  Nos.  1-2  ;  1877,  Nos.  1-2  ;  and  1878,  Nos. 
1-2.  (1871-78),  8vo,  London. 

The  Institute. 

„  Transactions  of  the  Iron  and  Steel  Institute,  Vol.  I,  Nos.  1  to  6 
(1869),  and  No.  7  (1870),  (1869-70),  8vo,  London. 

The  Institute. 

,,  Journal  of  the  Royal  Asiatic  Society  of  Great  Britain  and  Ireland, 
New  Sei'ies,  Vol.  XI,  Parts  1-2  (1879),  8vo,  London. 

The  Society, 

E 


2l0  TiecorJs  of  llie  Geological  Survey  of  India.  [vol.  xii 

T'dleB  of  BuoJis.  Donors. 

Londos. — Joni’nal  of  tlie  Society  of  Arts,  Vols.  XIX  (1870)  to  XXVII,  Xos. 
1357-1396  (1879),  (1870—79),  8vo,  London. 

The  Society. 

,,  Proceedings  of  the  Royal  Geographical  Society  and  Monthly  Record 
of  Geography,  Xew  Series,  Vol.  I,  Xos.  6  to  8  (1879),  8vo, 
London. 

The  Society. 

„  Proceedings  of  the  Royal  Institution  of  Great  Britain,  Vol.  VIII, 
Parts  6-6,  Xos.  68  and  69  (1878-79),  8vo,  London. 

The  Isstithte. 

„  Proceedings  of  the  Royal  Society  of  London,  Vols.  XXVIII,  Xos. 
194-195,  and  XXIX,  Xo.  196  (1879),  8vo,  London. 

The  Society. 

„  Philosophical  Transactions  of  the  Royal  Society  of  London,  Vols.  Id/, 
Parts  1-2  (1877),  168,  Parts  1-2  (1878),  and  168,  extra 
Vol.  (1879),  and  Vol.  169,  Parts  1-2,  with  list  of  Fellows  for 
1878  (1877-79),  4to,  London. 

The  Society. 

„  Proceedings  of  the  Zoological  Society  of  London,  Part  IV,  1878,  and 
Parts  I  and  ll,"  1879  (1878  and  1879),  8vo,  London. 

The  Society. 

Transactions  of  the  Zoological  Society  of  London,  Vol.  X,  Parts  10-12 
(1879),  4to,  London. 

The  Society. 

Quarterly  Journal  of  the  Geological  Society  of  London,  Vol.  XXXV, 
Xo.  138,  Part  2  (1879),  8vo,  London. 

The  Society. 


Ray  Society.— Buckton,  G.  B.— Monograph  of  the  British  Aphides, 
Vol.  II  (1879),  8vo,  London. 

Madrid.— Boletin  de  la  Sociedad  Geografica  de  Madrid,  Vol.  VI,  Xos.  4-5,  and 
Band  IV,  Xo.  6  (1879),  and  Vol.  Vll,  Xo.  1  (1879),  8vo, 


Madrid.  ^  „ 

The  Society. 

Mauchestee. — Transactions  of  the  Manchester  Geological  Society,  Vol.  XV, 
Xos.  3-6  (1878),  8vo,  Manchester. 

Ttra  SnCTETY. 


Melbourne.— Mineral  Statistics  of  Victoria  for  1878  (1879),  flsc.,  Melbourne. 

Mining  Department,  Victoria. 


Report  of  the  Chief  Inspector  of  Mines  to  the  Hon’ble  the  Minister 
of  Mines  for  1878  (1879),  fisc.,  Melbourne. 

Mining  Department,  Victoria. 


PART  4.] 


AthliUons  to  the  TAhrarij, 


217 


Titles  of  Bootes.  Donors. 

Melbourne. — Reports  of  tlie  Mining  Surveyors  and  Registrars  for  quarter  end¬ 
ing  31st  March  1879  (1879),  flsc.,  Melbourne. 

Mining  Department,  Victoria. 


Transactions  and  Proceedings  of  the  Royal  Society  of  \  ictoria, 
Vol.  XV  (1879),  8to,  Melbourne. 


The  Society. 


Moscou. — Bulletin  dela  Societe  Imperiale  des  Xatnralistes  de  Moscon,  \  ol.  LllI, 
No.  3  (1878),  8vo,  Moscou. 


The  Society. 


!Munchen. — Abhandlungen  der  Mathematisch-Physikalisohen  Classe  der  Konig- 
lich  Bayerischen  Akademie  der  Wissenschaften,  Band  XllI, 
Abth.  2  (1879),  4to,  MUnchen. 

The  Academy. 


Lamont,  Dr.  J.  V.  Meteorologische  und  Magnetische  Beobachtungen 
der  k.  Stermvarte  beiMiinchen  1878  (1879),  8vo,  Mlinchen. 

The  Academy. 

Sitznngsberichte  der  Math.-Phys.  Classe  der  X.  B,  Academie  der 
Wissenschaften,  heft  1-4  (1878),  and  heft  1  (18/9),  8vo, 
Miinchen. 

The  Academy. 

Ueber  die  Chemische  Synthese  (1878),  4to,  Miinchen. 

The  Academy. 


New  Zealand.— Thirteenth  Annual  Report  on  the  Colonial  Museum  and  Labora¬ 
tory  of  New  Zealand  (1878),  8vo,  New  Zealand. 

Geol.  Survey,  New  Zealand. 

Paris. — Bulletin  de  la  Societe  Geologique  de  France,  3rd  Series,  Vol.  V, 
pp.  863-898  (1877),  and  Vol.  V,  No.  12,  and  VII,  No.  2 
(1879),  (1877  and  1879),  8vo,  Paris. 

The  Society. 

Philadelphia. — Journal  of  the  Franklin  Institute,  3rd  Series,  Vols.  LXXVII, 
No.  6,  and  LXXVIII,  Nos.  1-2  (1879),  (1879),  8vo,  Phila¬ 
delphia. 

The  Institute. 

Pi'oceedings  of  the  Academy  of  Natural  Sciences,  Parts  I-III, 
(1878),  8vo,  Philadelphia. 

The  Academy. 

Proceedings  of  the  American  Philosophical  Society,  Vol.  XVIII, 
No.  102  (1878),  8vo,  Philadelphia, 
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PigA. — Atti  della  Societa  Toscana  di  Scienze  Natural!,  Vol.  IV,  1  (1879),  8vo, 
Pisa. 

The  Society. 

„  Process!  verbal!  Mia  Societa  Toscana  d!  Scienze  Natural!,  11  Maggio  1879, 
(1879),  8vo,  Pisa. 

The  Society-. 

— Atti  della  Reale  Accademia  dei  Lincei,  Series  III,  Transunti,  Vol.  Ill, 
fisc.,  6  and  7  (1879),  4to,  Rome. 

The  Academy. 

Salem. — Proceedings  of  the  American  Association  for  tbe  Advancement  of 
Science,  Vol.  XXVI  (1878),  8vo,  Salem. 

The  Association. 

Singapore. — Journal  of  the  Straits  Branch  of  the  Royal  Asiatic  Society,  No.  2 
(1878),  8vo,  Singapore. 

The  Society. 

St.  Petersburg. — Memoires  da  L’  Academic  Imperiale  des  Sciences  de  St.  Peters- 
bourg,  7th  Series,  Vol.  XXVI,  Nos.  5-11  (1878-79),  4to, 
St.  Petersbourg. 

The  Academy. 

Toronto. — The  Canadian  Journal :  Proceedings  of  the  Canadian  Institute,  New 
Series,  Vol.  I,  Part  1  (1879),  8vo,  Toronto. 

The  Institute. 

Turin. — Atti  della  R.  Accademia  delle  Scienze  di  Torino,  Vol.  XIV,  Nos.  4-5 
(1879),  8vo,  Torino. 

The  Academy. 

„  Bollettino  dell’  Osservatorio  della  Regia  ITniversita  di  Torino,  Anno. 
XIII  (1879),  Obg.  4to,  Torino. 

The  Academy. 

Vienna. — Jahrbuch  der  k.  k,  Geologischen  Reichsanstalt,  Band  XXVIII,  No.  4, 
and  XXIX,  No.  1  (1878-79),  8vo,  Wien. 

The  Institute. 

Verhandlungen  der  k.  k.  Geologischen  Reichsanstalt,  Nos.  14-18  (1878), 
and  Nos.  1-6  (1879),  (1878-79),  8vo,  Wien. 

The  Institute. 

Washington. — Annual  Report  of  the  Board  of  Regents  of  the  Smithsonian  In¬ 
stitute  for  1877  (1878),  8vo,  Washington. 

The  Institute. 

Bulletin  of  the  United  States  Geological  and  Geographical  Sur¬ 
vey  of  the  Territories,  Vol.  IV,  Nos.  3-4  (1878),  8vo,  Wash- 
in  erton. 
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Washington. — Hatden,  F.  V. — Tenth  Annual  Report  of  the  United  States  Geo¬ 
logical  and  Geographical  Survey  of  the  Territories  embracing 
Colorado,  and  parts  of  adjacent  territories  (1878),  8vo, 
Washington. 

The  Survey. 

,,  United  States  Geological  and  Geographical  Survey.  Miscellane¬ 

ous  publications.  No.  XI.  Birds  of  the  Colorado  Valley,  by 
E.  Cowes,  Part  1  (1878),  8vo,  Washington. 

The  Survey. 

„  Report  of  the  Commissioner  of  Agriculture  for  1877  (1878),  8vo, 

Washington. 

Commissioner  op  Agriculture,  U.  S. 

Wellington. — Transactions  and  Proceedings  of  the  Now  Zealand  Institute, 
Vol.  XI  (1879),  8vo,  Wellington. 

The  Institute. 

Yokohama. — Mittheilungen  der  Deutschen  Gesollschaft  fiir  Natur  und  Volker- 
kunde  Ostasiens,  heft  XVII  (1879),  flsc.,  Yokohama. 

The  Society. 

,,  Transactions  of  the  Asiatic  Society  of  Jajian,  Vol.  VII,  Part  3, 

(1879),  8vo,  Yokohama. 
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1880. 


[  February. 


Annual  Report  op  the  G-eological  Survey  op  India,  and  op  the  Geological 
Museum,  Calcutta,  for  the  year  1879, 

In  the  Peninsular  area  there  were  five  survey  parties  at  work  during  the  field 
season  of  1878-79. 

As  announced  in  the  annual  rejiort  for  1878,  Mr.  Foote  took  up  new  ground 
S.  India  :  *0  south  of  Trichinopoly,  to  trace  out  in  that  direction 

Mr.  Foote.  any  remnants  of  the  deposits  of  various  ages  already 

knoivn  along  the  coastal  region  to  the  north.  He  carried  his  woik  through  the 
Pudukotai  State  to  the  latitude  of  Madura,  hut  nothing  of  interest  was  found. 
The  irregular  houndary  of  the  gneiss  occurs  at  a  distance  of  about  35  mdes  from 
the  coast,  and  the  intervening  ground  is  principally  occupied  hy  the  latentic 
formation,  overlying  and  closely  connected  with  the  Cuddalore-sandstone  gioup, 
first  described  by  Mr.  H.  P.  Blanford  in  the  Trichinopoly  area.  Its  exact  age  is 
still  undetermined— probably  older  tertiary.  The  laterite  overlaps  it  to  the  west, 
and  rests  on  the  gneiss.  Mr.  Foote’s  account  of  this  ground  is  published  in  the 
August  number  of  the  Records. 

Mr.  Foote’s  map  and  description  of  the  North  Arcot  district,  published  in  the 
Records  for  November,  were  compiled  from  observations  made  many  yeais  ago 
by  himself  and  other  members  of  the  Survey. 

In  the  Pranhita- Godavari  area,  besides  the  general  extension  of  his  survey  of 
Godavari  •  ^1*®  Gondwana  rocks  of  that  basin,  Mr.  King  has  fairly 

Mr.  King.  succeeded  in  maintaining  a  distinction  of  upper  and  lower 

in  the  Kota-Maleri  series,  so  far  as  established  by  overlap,  which  is  still  the  pirn- 
cipal  feature  of  unconformity  between  the  several  groups  of  the  Gondwana 
system.  Within  the  local  basin  we  are  indeed  still  unable,  as  was  shown  by 
NIr.  Hughes  (Records,  XI,  page  29),  to  demarcate  the  groups  closely,  but  Mr. 
King  has  found  that  to  the  south  there  are  no  representatives  of  the  Maleri  clays 
between  the  Kota  beds  and  the  Sironcha  sandstone,  which  he  now  recognises  as 
belonging  to  the  Kamthis  (lower  Gondwanas).  The  conjectured  intercalation  of 
the  peculiar  fossils  of  the  two  zones  has  not  been  confirmed,  so  as  to  modify  this 
stratigraphical  indication;  and  thus  the  original  distinction  indicated  by  the 
liassic  fossils  of  the  Kota  beds  and  the  rhaito-triassic  fossils  of  the  Alaleri  clays 
stands  for  the  present  confirmed.  (See  Pal.  lud.,  Ser.  lA  ,  2  ;  Manual,  p.  151.) 
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In  continuation  west'svards  of  Mr.  Ball's  survey  of  the  Anrunga  and  Hutar  ■ 
Son  Basin:  coal-fields  (IMeinoirs,  XV,  Pt.  1),  Mr.  Griesbach,  during 

Mr.  Grieshach:  last  field  season,  mapped  and  described  some  900  square  I 

miles  of  Goudwana  rocks  in  Kamkola,  between  Tatapani  and  the  Her  river  (his  ■ 
Memoir  is  now  at  press,  as  Part  II  of  \  ol.  XV).  This  ground  is  the  easternmost  I 
prolongation  of  tlie  gTcat  central  area  of  South  R.ewah  or  the  Son,  extending 
westwards  to  near  Katni  on  the  Jabalpur  railway,  and  south-eastwards  into  the 
Mahanadi  basin,  to  near  Sauibalpur. 

In  the  report  for  last  year  I  gave  a  brief  discussion,  based  upon  Mr.  Ball's 
description,  of  the  stratigraphical  features  of  this  region  as  the  transition  ground  j 
between  the  well-mai’ked  divisions  of  the  lower  Gondwana  series  in  the  Damuda  j 
valley  and  the  conditions  found  in  the  midland  areas,  where  the  higher  groups  1 
of  the  lower  Gondwanas,  as  in  the  Kdmthi  and  Ilingir  beds,  exhibit  more  the 
petrological  characters  of  the  upper  part  of  the  series.  It  seemed  as  if  in  the 
Hutar  field  and  locally  in  the  Anrunga  field,  we  already  had  this  condition  estab¬ 
lished  ;  and  I  jiointod  out  that  W'o  only  awaited  the  discovery  of  lower  Condwiina 
fossils  in  the  overlying  sandstone  hei-e  to  make  certain  of  it,  and  hence  to  draw 
some  important  inferences  regarding  the  horizon  of  the  top  sandstone  (“upper 
Panchet”)  of  the  Damuda  fiekls.  It  seems,  however,  that  wc  sliall  liave  to  look 
farther  west,  within  the  midland  area  itself,  for  the  facts  of  this  stratigraphical 
change.  Mr.  Griesbach  has  traced  a  Baniganj  group,  w'ith  good  fossil  characters, 
and  a  Panchet  group  loss  distinctly,  at  and  west  of  Tatapani ;  but  these  have  been 
reclaimed  chiefiy  from  the  low-lying  outcrops  previously  supposed  to  be  all  of  the 
Barakar  group, — not  from  the  hill-forming  sandstone,  from  which  the  upper 
(?  Panchet)  beds  are  not  easily  separable.  Mr.  Ball  gave  in  his  map  of  the 
Hutar  field  an  indication  of  the  possible  position  of  an  intermediate  group. 

A  principal  object  in  sending  Mr.  Griesbach  at  once  to  a  typical  Gondwana 
area  was,  as  mentioned  in  last  annual  report,  that  he  might  elucidate  the  supposed 
similarity  between  these  rocks  and  the  Karoo  formation  of  South  Africa ;  in¬ 
deed  this  object  was  of  much  weight  in  recommending  his  a])])ointment  to  the 
Survey.  In  this  respect  his  memoir  on  the  Ramkola  coal-fields  will  bo  found 
disappointing,  the  more  so  as  it  shows  him  to  have  considerable  prolicionoy  in  the 
art  of  geological  surveying.  Mr.  Griesbach  has  reserved  his  observations  on  this 
point  for  a  still  wider  comparison  in  connection  with  his  more  recent  work  in  the 
Himalayas,  of  which  a  notice  will  bo  given  in  the  Records  for  iMay.  He  has 
verbally  stated  that  the  Talchir  boulder  bed  bears  a  very  strong  rcsembhuico  to 
the  Ecca  bods  of  Xatal,  and  his  descriptions  exhibit  more  strongly  than  any  yet 
given  some  of  the  glacial  characters  of  the  boulder  bud  ;  but  he  rofiaius  fioni 
any  expression  of  opinion  on  this  much-vc.xed  question. 

It  will  be  seen  that  the  map  of  the  Ramkola  fields  exhibits  a  free  use  of  faults, 
therein  resembling  other  maps  of  similar  ground.  The  practice  is  quite  legitimate , 
faults  being  a  veiy  common  feature  in  such  rooks  ;  but  it  is  capable  of  abuse,  and 
it  has  often  seemed  to  me  that  this  limit  has  been  passed  in  our  descriptions 
of  these  GondAvana  basins.  A  main  boundaiy  is  represented  as  a  fault,  without 
a  word  to  qualify  all  the  inferences  that  Avould  folloiv  from  the  simple  use  of 
that  word.  Thus,  as  to  the  throiv  of  this  fault,  that  it  amounts  at  least  to  the 
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total  thickness  of  the  strata  on  the  downthrow  side.  iS'o  d  priori  objection  could, 
indeed,  be  made  on  this  count,  for  faults  of  very  great  throw  are  fully  established  ; 
it  is  the  discrepancy  of  the  fact  with  other  features  of  the  description  that  calls 
attention.  Thus,  immediately  on  the  upthrow  side  of  such  a  fault,  or  near  it, 
patches  of  the  highest  beds  of  the  doumthrow  series  may  bo  seen  resting  on  the 
base-rock,  which  fact  at  once  makes  the  fault  in  its  primd  facie  asjiect  impossible. 
When  attention  is  called  to  this,  the  usual  explanation  is,  that  the  fault  occurred 
before  that  upper  group  was  deposited.  This  assertion  is  not  so  easily  disposed 
of,  but  I  consider  that  in  the  cases  before  us  it  is  in  a  great  measure  disposed  of: 
it  may,  I  think,  be  hold  as  impossible  that  disturbance  of  such  magnitude  as  is 
implied  by  a  fault  of  several  thousand  feet  throw  could  take  place  between  two 
groups  of  a  stratified  series,  and  not  produce  far  greater  effects  of  discordance 
than  have  as  yet  been  observed  between  any  groups  of  the  Gondwana  series.  I 
do  not  forget  that  I  have  myself  illustrated  the  compatibility  of  complete  apparent 
conformity  with  synchronous  great  disturbance  in  the  inimodiato  vicinity  (IVlanual, 
pp.  550-51);  but  that  case  rather  enforces  than  invalidates  the  remarks  I  have 
just  made:  if  the  apparent  discrepancy  to  which  1  have  called  attention  were 
susceptible  of  an  analogous  interpretation,  the  notice  of  the  feature  as  a  simple 
fault  would  be  none  the  less  mi.sleading.  I  would  again  invite  my  colleagues  to 
a  more  critical  attention  to  their  ‘faults’ :  an  erroneous  fault  within  the  stratified 
series  may  only  lead  to  mistakes  in  calculating  the  positio7r  of  any  particular 
bed;  but  a  mistake  as  to  the  nature  of  a  main  boundary  leads  ns  altogether 
astray  in  judging  of  the  original  conditions  of  the  formation,  tac  disco\ei’y  of 
which  is  a  principal  object  of  our  study.  Thus,  for  this  Gondwana  formation, 
it  is  generally  supposed  to  be  in  the  main  of  subaerial  origin,  by  rain  and  rivers, 
and  presumably  accumulated  ui^on  an  area  of  subaerial  erosion ;  j-et  the  ever 
I’eady  introduction  of  faults,  pure  and  simjDle,  at  the  limits  of  the  basins,  leavms 
this  supposition  out  of  sight. 

In  Kattywar,  which  belongs  to  the  peninsular  area,  on  the  southern  confines 
Katiswab:  of  the  Arvali  metamorphic  region,  IMr.  Feddcn  completed 

Mr.  Feddcn.  the  survey  of  some  1,900  square  miles  (sheets  24,  25,  and 

36)  in  continuation  to  the  south  of  his  juevious  season  s  wmi’k,  besides  making 
some  preliminary  traverses  of  adjoining  ground.  "W  ith  the  exception  of  a  small 
inlier  of  Upper  Gondwana  (juras.sic)  I’ocks  of  the  Umia  horizon  near  Mewasa, 
and  very  local  outcrops  of  a  sandstone  locally  underlying  the  ti-ap,  but  containing 
trappean  debris,  the  wdiole  area  is  occupied  by  the  great  eruptive  formation.  It 
is  mostly  stratified,  having  a  slight  inclination  to  the  south,  but  huge  dykes  tra¬ 
verse  it  in  various  directions,  forming  prominent  ridges  across  the  low  undulat¬ 
ing  country.  Terraces  of  the  marine  miliolitic  limestone  occur  locally  halfuaij 
up  the  sides  of  these  ridges.  The  marble  of  local  rejmto  as  Gondal  marble 
is  only  an  iri'egular  spariy  vein  in  the  trap,  not  jnoro  than  21^  feet  wide; 
it  occurs  at  Khirsara  and  Sajriali,  15  miles  north-west  of  Dhoraji.  A  cur¬ 
sory  visit  was  made  to  the  famous  Junagai’h  hills,  the  volcano-like  construction 
of  which  was  early  noticetl,  but  wdiich  wore  said  to  be  in  part  formed  of  gneissic 
or  granitic  rocks.  The  isolated  central  hill  forming  the  sacred  peak  of  Girnar  is 
a  mass  of  thoroughly  crystalline  rock,  a  granular  coinpound  of  a  clear  plagioclaae 


4 


RecofcU  of  the  Geological  Survey  of  India. 


[voL.  XIII. 


felspar  and  a  dark.green  mineral  principally,  if  not  all,  biotite,  and  it  seems,  in¬ 
deed,  to  be  the  core  of  a  volcanic  focus.  Tbe  annular  ridge  surrounding  Girnar, 
outside  a  deep  intervening  valley,  is  largely  made  up  of  tracbytic  dykes  and 
bedded  basaltic  masses  -vvitb  a  quaquaversal  slope. 

In  Rajputana  Mr.  Racket  added  a  very  large  area  (more  than  10,000  square 
Bajputaiia:  miles)  to  his  previous  survey  of  the  Arvali  region,  ex- 

Mr.  Eaol-ei.  tending  to  the  south-west  as  far  as  Erinpura.  The  scat¬ 

tered  position  of  the  outcrops  in  a  wide-spread  waste  of  sand  makes  such  a  result 
possible.  As  soon  as  the  area  to  the  east  of  the  range  is  filled  in,  up  to  the  Vin- 
dhyan  scarp  near  Biindi,  as  Mr.  Racket  hopes  to  accomplish  during  the  present 
field  season,  a  connected  account  of  this  portion  of  the  region,  up  to  Delhi,  can 
be  published. 

The  Vindhyan  strata  were  found  to  cover  a  large  area  to  north  and  east  of 
Jodhpur.  Their  most  north-easterly  outcrop  is  at  Khatu,  80  miles  north-by. 
east  from  Sojat.  They  everywhere  rest  flatly  upon  the  old  rooks — the  gneiss,  the 
Raiiilo  schists,  the  Malani  felsites,  or  the  Alwar  quartzites.  There  is  generally  a 
thin  band  of  fine  quartz  conglomerate,  or  of  green  shales,  quite  unaltered,  at  the 
base,  overlaid  by  pale  fine  sandstone  like  the  Kaimur  rock,  to  which  succeeds 
a  red  r’ock  like  the  Bhanrer  sandstone.  The  whole  varies  in  thickness  from 
100  feet  at  Sojat  to  350  feet  at  KbMu.  There  is  sometimes  a  conglomerate 
between  the  two  types  of  sandstone.  Cherty  calcareous  beds  are  associated  with  the 
red  sandstone  at  top,  thus  connecting  this  rock  with  an  overlying  limestone  that 
covers  large  ar-eas ;  it  is  locally  200  feet  in  thickness. 

A  very  peculiar  boulder  formation  is  described  as  occurring  on  and  about  the 
Vindhyans,  especially  the  limestone,  yet  not  belonging  to  them.  The  blocks,  up 
to  3  feet  in  diameter,  are  thoroughly  water-worn,  formed  exclusively,  so  far  as 
observed,  of  the  Alwar  quartzites.  They  lie  loosely,  without  any  matrix,  in  banks 
sometimes  more  than  100  feet  thick. 

The  felsitic  eruptive  I'ocks  described  by  Mr.  Blanford  as  the  Malani  beds, 
south  of  Jodhpur,  are  considered  by  Mr.  Racket  to  belong  to  the  Raialo  horizon, 
as  he  found  typical  beds  of  that  rock  associated  with  the  schists  north  of  Dewair, 
in  the  centre  of  the  Arvali  range. 

In  the  Extra-Peninsular  area  there  were  two  survey  parties  at  work  in  the 
cold  season  of  1878-79  ;  and  in  the  summer  of  1879  two  were  engaged  in  the 
high  Rimalayas. 

With  the  new  maps  of  KumaunMr.  Theobald  surveyed,  or  at  least  explored, 
Sub-Himalaya  :  the  belt  of  tertiary  rocks  at  the  base  of  the  mountains  be- 

Mr.  Theobald.  tween  the  Ganges  and  the  Kali,  in  continuation  of  the 

work  done  sevei'al  years  previously  to  the  west  of  the  Ganges.  Since  these  lower 
hills  have  been  so  extensively  taken  up  for  forest  reserves  they  have  become  more 
inaccessible  than  ever,  the  temporary  villages  and  the  paths  connected  with  them 
having  disappeared. 

The  Siwaliks  of  this  region  (if  indeed  the  strata  of  these  flanking  ridges 
include  true  Siwaliks,  as  Mr.  Theobald  seems  to  think)  still  maintain  their 
character  as  unfossiliferous,  no  success  having  rewarded  the  search  of  so 
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experienced  a  collector.  Otlier  results,  too,  are  wanting;  tlie  so  far  unique  occur¬ 
rence  of  eruptive  rock  in  the  tertiary  sandstones  at  the  Gola  river  {see  Manuah 
p.  543)  remains  nndescribed.  After  several  consecutive  seasons’  work  upon  these 
suh-Himalayan  rocks,  Mr.  Theobald  has  now  seen  more  of  them  than  any  one 
else,  and  he  should  be  in  a  position  to  throw  some  light  upon  their  structure  and 
history.  There  is  no  lack  of  indejsendent  speculation  in  the  several  progress 
reports  sent  in,  but  there  is  a  too  conspicuous  want  of  critical  observation,  whether 
in  support  of  the  several  conflicting  views  put  forward  by  himself  at  different 
times,  or  in  refutation  of  the  interpretations  already  published  by  others.  After 
the  present  season’s  work,  however,  we  must  place  on  record  the  result  of  his  more 
matured  study. 

In  the  past  field  season,  or  in  part  of  it, — for  he  also  made  a  reconnaissance  of 
Salt-hangb  :  til®  gi-ound  far  to  the  north  between  Kohat  and  Thai,  on 

Mr.  Wynne.  the  Kuram, — Mr.  Wynne  accomplished  the  surA^ey  of  the 

western  extension  of  the  Salt-range,  from  the  Indus  to  the  outskirts  of  the  Suli- 
man  range,  beyond  Shekh  Budi'n.  Following  tlio  great  curves  of  the  range,  its 
length  is  about  100  miles,  and  considering  the  great  intricacies  of  the  sections, 
and  the  peculiar  interest  of  many  features  of  the  ground,  it  Avill  be  readily  under¬ 
stood  that  so  rapid  a  survey  cannot  bo  Amry  searching,  mAich  less  exhaustive;  but 
Mr.  Wynne’s  map  and  description  will  form  a  thorough  guide  to  future  explorei's, 
the  leading  featui-es  being  no  doubt  pourtrayed  Avith  sufficient  accuracy.  Al¬ 
though  the  rock-salt,  Avhich  gives  its  name  to  the  Salt-range,  extend.s  a  A'ery  short 
way  west  of  the  Indus,  all  the  main  structural  characters  of  the  Avestern  extension 
correspond  Avith  those  of  the  cis-Indus  Salt-range,  with  Avhich  Mr.  Wynne  is  so 
familiar ;  indeed,  Avithout  this  knowledge  the  work  could  not  have  been  accom¬ 
plished.  A  principal  variation  found  in  this  new  ground  is  the  expansion  of  the 
boulder  zone,  Avhich  near  the  Indus  is  the  only  rock  betAveen  the  Productus-lime- 
stone  and  the  Salt-marl.  At  the  soAith-Avest  end  of  the  Khasor  ridge  the  puiqAle 
sandstone  is  again  in  force,  but  with  an  intervening  band  of  red  clays,  gypsum 
and  dolomite,  which  alternate  with  the  boulder  beds  at  top.  These  middle  beds 
are  unlike  those  of  similar  composition  in  the  saline  series,  below  the  purple  sand¬ 
stone,  although  their  general  eom^msition  would  seem  to  connect  them  with  those 
lower  deposits  of  the  Salt- range  series.  Mr.  Wynne,  howev'er,  suggests  that  they 
may  represent  the  Oholus  beds,  which  in  the  east  Salt-range  rest  on  the  purple 
sandstone.  Although  nearly  suppressed  in  the  ilaidan-Chichali  part  of  the  range, 
the  Ceratite  and  Productus-limestone  groups  are  again  exposed  in  force  in  the 
Khasor  ridge,  with  A'ery  much  the  same  characters  as  in  the  western  portion  of 
the  Salt-range  proper. 

The  jurassic  series  becomes  more  developed  to  the  west  of  the  Indus,  and  a 
well-defined  distinction  takes  place  betAveen  an  upper  calcareous  marine  zone 
and  a  lower  one  of  sandy  ai'gillaceous  deposits  with  plant-remains.  Mr.  Wynne 
calls  attention  to  the  contrast  presented  in  this  respect  by  the  jurassic  series 
here  and  in  Rajputana,,  where  the  terrestrial  (Gondwana)  chai’acters  occur  in 
the  loAver  division,  below  the  marine  limestones,  and  the  series  as  seen  in  Cutch, 
where  these  characters  are  found  in  the  upper  beds  (the  Umia  zone)  above 
the  purely  marine  deposits. 
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A  cretaceous  zone  seems  to  be  the  least  defined  of  any  in  the  trans-Indus 
series  :  while  the  original  rejiresentative  of  a  neocomian  hand  is  described  as  in¬ 
separable  from  the  jurassic  deposits,  an  overlying  sandstone  of  the  Chichali 
section,  at  first  conjectured  to  bo  possibly  cretaceous,  is  described  as  apparently 
rep)resentative  of  a  rock  elsewhere  showm  to  be  post-eocene.  The  treatment 
of  this  horizon  of  the  sections,  the  base  of  the  tertiary  series,  is  perhaps  the 
least  conchrsive  part  of  Mr.  Wynne’s  Avork.  Altogether  his  memoir  Avill  in  this 
respect  proA’e  highly  suggestive  to  future  explorers. 

By  his  trip  throxxgli  the  very  unfi'equented  ground  between  Kohat  and 
Thai,  of  Avhich  an  account  is  jniblished  in  the  Records  for  the  year,  Mr.  Wynne 
was  able  to  complete  an  unfinished  border  of  the  map  and  description  previ¬ 
ously  given  (Records,  1877)  of  a  largo  area  of  the  north-Avest  Punjab. 

In  the  introductory  sketch  to  his  description  of  the  Salt-range  fossils,  in  the 
SaitRaxgk:  Palfcontologia  Indica,  Ser.  XIII,  fasc.  1,  Br,  Waageu 

Br.  Waageu.  proposes  a  veiy  important  change  in  the  groujnng  of  the 

loAver  deposits  of  that  area.  Since  the  discoA'ery  of  an  Ohnhis,  by  Mr.  Wynne, 
in  one  of  the  local  groups  of  the  sex’ies,  represented  as  se])arated  fronr  the  over- 
lying  Productus-limestone  by  two  inteiwening  groixps  in  which  no  fossils  had 
been  found,  although  all  do  not  occur  together  in  any  one  section,  it  had  been  re- 
ceiA'ed  as  probable  or  possible  that  the  Salt-range  might  contain  n  more  or  less 
partial  representation  of  the  ]jala!ozoic  series,  betAveen  the  silurian,  as  represented 
by  the  Obohis  beds,  and  the  carboniferous  represented  by  the  Productus-lime¬ 
stone.  Dr.  "Waagen  noAV  proixoses  to  place  all  the  four  groups  in  one  connected 
series,  AA'hich  he  calls  the  Pi’oductus-limestone  series.  Such  an  arrangement 
AA’Ould,  of  course,  be  impossible  under  anj'  literal  sense  of  the  terms  silurian  and 
carboniferous,  as  previously  applied  to  the  separate  groups.  It  is  easy  to  imagine 
hoAV  the  Oholus  may  be  disposed  of;  Dr.  Waagen’s  description  of  the  fos.sils  has 
not  yet  got  so  far;  but  he  has  not  failed  to  indicate  (I.  c.,  pp.  7  and  8)  that  he 
considers  the  depo.sits  to  bo  in  succession  laterally  transitional  and  vertically  asso¬ 
ciated  so  as  to  bo  inseparable. 

Dr.  Waagenhas  contributed  to  the  Xovember  number  of  the  Records  an  intei'- 
esting  suggestion  regarding  the  older  rocks  of  the  Hazai’a  region.  It  is  based  upon 
some  fossils  sent  to  him  by  the  Geological  Society  of  London  for  description  itx 
connexion  AAuth  the  Salt-range  fossils.  Among  them  Avere  some  in  a  black  slate ; 
they  Avere  labelled  ‘  Punjab  ’ ;  and  there  is  some  presumption  that  they  may 
have  come  from  the  Attock  slate  group,  Avhich  has  as  yet  yielded  no  fossils  to  our 
search,  but  Avhich  has  been  provisionally  ranked  as  silurian,  partly  from  an 
ccprally  uncertain  conjecture  (.?ee  Manual,  ]).  oOO,  note)  regarding  some  fossils 
found  beyond  PeshaAvar.  Dr,  Waagen’s  fossils  are  of  a  well  marked  carbonifer¬ 
ous  type,  and  he  points  out  that  this  age  for  the  Attock  slates  AA’Ould  at  least  help 
to  clear  up  some  very  jDUZzling  features  in  the  geology  of  Hazara. 

Mr.  Lydekker  explored  a  largo  area  of  Ladak  to  the  east  of  his  preAuous 
Ladak  :  observations,  and  soA'cral  points  of  interest  have  been  de- 

M>-.  LyiUH-er.  termined.  The  gnei.ss  of  the  Ladak  axis,  or  Kailas  range 
as  Mr.  Lydekker  now  calls  it  (in  the  Manual  local  names  AA’cre  preferred  until  Ave 
shoitld  knoAV  more  about  Avhat  Ave  were  discussing),  Avas  undei’stood  from  Dr, 
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Stoliczka’s  description  to  be  chiefly,  if  not  altogether,  formed  of  altered  palasozoic 
rocks.  Mr.  Lydekker  now  shows  that  the  gneissic  silnrians  only  occur  locally^ 
and  that  the  principal  mass  must  correspond  to  the  ‘  central  ’  gneiss  (or  Cambrian 
gneiss  of  ilr.  Lj'dekker’s  j^revious  papers,  the  identity  of  which  witlt  the  ‘  central  ’ 
gneiss  may  perhaps  be  doubted).  The  conformity  and  transition  from  one  to  the 
other  is  everywhere  iijiparent.  The  metamorphics  of  Eupshu  are,  however,  all 
represented  as  converted  Silurians.  Thus  we  should  still  have  to  iind  tlie  gneiss 
that  yielded  the  blocks  in  tlie  Silurian  slates  of  Ptingi,  and  to  explain  the  sharp 
unconformity^  of  upper  silui'ian  strata  on  granite  and  gneiss  in  Hangraug.  (Re¬ 
cords,  XII,  61.) 

A  special  interest  has  been  noted  (Manual,  p.  64.3)  as  attaching  to  the  great 
trough  of  tertiary  rocks  found  along  the  course  of  the  Indus  at  the  southern 
base  of  the  gneissic  range  in  Ladak,  and  crossing  obliquely,  with  the  great  river, 
to  the  noi'tli  side  of  this  gneiss  at  a  point  south  of  the  Pangnr  lake.  Mi’.  Lydek¬ 
ker  now  shows  from  good  seetion.s  that  at  several  points  of  the  boundai’ies,  both 
with  the  oldest  gneiss  on  the  north  and  with  the  cai’boniferons  rocks  on  the 
south,  the  natural  original  junction  is  e.vjiosed  ;  and  this  is  quite  enough  to  rule 
the  case,  though  at  other  jioints  slipping  may  have  been  superadded.  In  several 
instances  the  bottom  conglomerates  of  this  eocene  formation  were  even  observed 
to  show  a  relation  of  distribution  with  reference  to  the  actual  gorges  of  the 
gneissic  range.  We  may  thus  hcnocfoi’th  dismiss  from  our  speculations  any 
thought  of  a  former  direct  connexion  of  these  conti'al  Himalayan  eocenes  with 
those  at  the  base  of  the  mountains  in  India,  although  the  similarity  of  the  deposits 
is  so  striking.  Supposing  that  the  formations  of  the  Zanskar  and  Karakoram 
basins  were  once  continuou.s  acro.ss  the  position  of  the  Ladak  axis,  it  would 
thus  also  be  proven  that  a  pre-eocene  Himalayan  elevation  took  place  equal  at 
least  to  th(i  total  thickness  of  the  present  sedimentary  series  from  the  base  of  the 
old  gneiss  to  the  to])  of  the  cretaceous;  for  only  the  unaltered  ])ortion  of  that 
series  this  would  amount  to  16,000  feet,  according  to  Stoliczka’s  estimate. 
What  the  actual  elevsition  of  the  raountiiins  adjoining  the  eocene  gulph  may 
have  been  would,  of  eoui’se,  depend  on  how  far  erosion  had  kept  ])ace  with  eleva¬ 
tion.  The  time  required  for  such  an  erosion  must  be  very  great. 

Upon  the  v-ery  intei’e.sting  question  of  the  amount  of  contortion  that  accom¬ 
panied  that  grciit  pre-eocene  elevation,  iMr.  Ijydekker  seems  to  be  slightly  at 
variance  v\ith  bis  facts,  or  at  least  his  particular  facts,  as  ho  duly  observes,  do 
])ot  su])port  the  opinion  ho  bases  u])on  more  general  observation.  He  con.siders 
that  the  contortion  of  the  older  rocks  took  j)kico  in  great  part  before  that  of  the 
tertiaries,  becau.se  the  former  exhibit  puckorings  and  crumj)liTigs  not  found  in 
the  latter ;  but  in  the  only  contact  section  given  that  is  not  one  of  original 
abutting  deposition,  in  the  inlier  at  Miru,  the  cai’boniferous  and  eocene  strata  are 
nearly  vertical  in  paviillel  sn]ier]>osition,  so  the  older  must  have  been  flat  at  the 
time  of  de])Osition  of  the  newer.  It  is  certain  that  much  compre.ssioii  and  some 
crumpling  must  have  attended  the  depression  of  the  great  sedimentary  series, 
when  its  lower  memhei’s  were  converted  into  gneiss ;  but  it  seems  to  mo  still  an 
open  question  whether  the  great  contortions  which  we  now  look  upon  as  the 
special  Himalayan  disturbance,  may  not  be  post-eocene,  though,  of  cour,se,  their 
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lines  were  determined  by  the  great  preceding  act  of  general  elevation.  {See 
Manual,  p.  634.^ 

Mr.  Lydekker  observes  that  the  extensive  exhibition  of  irruptive  rocks  con¬ 
nected  with  the  tertiary  series  is  not  continuous  throughout,  and  that  the 
masses  to  the  east  are  different  in  composition,  or  at  least  in  texture,  from  those 
at  the  north-western  end  of  the  basin.  This  latter  fact  may  be  due  to  meta¬ 
morphism  accompanying  the  gi-eater  compression  in  this  position,  and  which  has 
equally  affected  the  tertiary  deposits. 

Mr.  Griesbach  has  accomplished  a  very  successful  season’s  work  in  the  higher 
jjj .  Himalaya  of  Kumaun  and  Hnndes.  Compared  to  Ladak 

3Ir.  arieslaoh.  this  is  a  happy  hunting  gi'ound  for  the  geologist,  the  rocks 
being  well  stocked  with  fossils,  of  which  a  good  series  has  been  brought  in. 
Despite  the  distress  of  climate  and  great  elevations,  Mr.  Griesbach  has  succeeded 
in  mapping  the  snowy  range  between  the  Niti  and  Milam  passes.  He  is  still  en¬ 
gaged  in  working  up  his  materials,  and  the  result  cannot  fail  to  be  most  interesting. 

Mr.  Blanford  was  engaged  at  office  during  the  whole  field  season,  at  first  for 
the  completion  of  the  Manual  and  afterwards  to  prepare  his  memoir  on  Western 
Sind,  which  had  been  postponed  for  some  time. 

Nothing  special  occurred  to  take  me  from  Calcutta,  and  unless  for  some  ur¬ 
gent  duty  of  short  duration,  my  absence  would  not  be  compatible  with  the 
steady  progress  of  our  work. 

Fiihlications.—lslv.  Wynne’s  geology  of  the  Salt-range  was  at  last  issued 
earlv  in  the  year,  having  lain  some  fourteen  months  in  type  waiting  for  the 
colour-printing  of  the  map.  It  forms  itself  Vol.  XIV  of  the  Memoirs.  Mr. 
Foote’s  memoir  (Vol.  XVI,  pt.  I.)  on  the  geology  of  the  eastern  coast  from 
latitude  15°  to  the  Kistna  was  issued  in  August.  Mr.  Blanford’s  geology  of 
Western  Sind  was  issued  in  December,  forming  Vol.  XVII,  pt.  I,  of  the  Memoirs. 
When  the  work  admits  of  it,  memoirs  on  adjoining  areas,  or  relating  to  the  same 
geological  region,  are  brought  into  the  same  volume;  thus,  Vol.  XV  will  be 
completed  by  Mr.  Griesbach’s  memoir  on  the  Ramkola  coal-fields,  now  in  the 
press:  Vol.  XVI  will  include  Mr.  King’s  memoh’s  on  the  east  coast  in  Nel- 
lore  and  in  the  Godavari  district,  now  preparing  for  publication;  and  Vol. 
XVII  will  be  completed  by  Mr.  Wynne’s  geology  of  the  Salt-range  trans-Indus, 
now  at  press. 

The  Records  for  1879  contains  22  papers  of  various  interest,  with  II  maps 
and  plates.  Two  of  the  articles  are  by  contributors  not  attached  to  the  Survey  : 
that  on  Hangrang  and  Spiti  by  Colonel  McMahon,  and  that  on  the  old  mines 
at  Joga  on  the  Narbada  by  Mr.  G.  T.  Nicholls  of  the  Civil  Service. 

Four  parts  of  the  Paleeontologia  Indica  were  issued  during  1879  :  one  by 
Dr.  Feistmantel  on  the  Flora  of  the  Gondwana  outliers  on  the  Madi'as  Coast 
(16  plates),  and  another  by  the  same  author  on  the  Flora  of  the  Talehir-Karhar- 
bari  beds  (27  plates)  ;  one  by  Mr.  Lydekker  on  the  Reptiha  and  Batrachia  of  the 
Indian  pretertiary  formations  (6  jjlates)  ;  and  the  first  part  of  the  Salt-range 
fossils  by  Dr.  Waagen  (G  plates).  An  interruption  was  occasioned  in  the  publica¬ 
tion  of  Dr.  Waagen’s  work  by  his  receiving  in  the  middle  of  the  year  the  consider¬ 
able  collection  of  fossils  made  in  the  preceding  field-season  by  Mr.  Wynne  in 
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the  trans-Indus  Salt-range.  These  had  to  he  cleaned  out  and  arranged  with  the 
previous  collections  before  the  work  of  description  could  proceed.  I  have  already 
received  plates  and  text  in  continuation  of  the  Avork,  including  some  of  the 
specimens  sent  during  the  year. 

I  have  great  satisfaction  in  announcing  that  the  description  of  the  Sind  fossil 
corals  so  generously  undertaken  for  the  Paleeontologia  Indica  by  Professor  Martin 
Duncan,  F.K.S.,  is  very  nearly  completed.  This  is  the  fourth  instance  of  dis¬ 
tinguished  j)alajontologists  in  England  giving  valuable  assistance  to  the  Geological 
Survey  of  India  by  the  description  of  important  groups  of  fossils. 

I  took  an  early  opiportunity,  in  the  annual  report  for  1877  (Records,  Vol.  XI, 
p.  12,  1878),  to  state  the  princiide  of  liberty  and  distributed  rcsjponsibility  under 
which  I  proposed  to  conduct  the  publications  of  the  Geological  Survey,  and  to 
explain  hoAv  the  conditions  of  our  work  in  this  country — the  great  distances  to  be 
accounted  for  and  the  peculiar  difficulties  of  locomotion — made  some  such  nile 
necessary  to  the  full  perfoi-mance  of  our  duties  to  the  public.  The  evident  draw¬ 
back  to  such  practice  is  the  pubbcation  of  crude  work,  in  which  even  the  com¬ 
petent  reader  (Avithout  any  knowledge  of  the  ground)  can  perceive  that  more 
intelligent  obseiwation  might  have  given  a  A'ery  different  account  of  the  sections. 
To  obviate  this  objection,  the  only  alternative  would  be  to  Avithhold  Avork  from 
publication  until  it  could  be  revised  in  the  field  by  a  more  thorough  obscrA'cr. 
Unfortunately,  OAving  to  the  great  scarcity  of  really  accomplished  observers,  and 
under  the  circumstances  already  noted,  this  would  mean  a  quite  indefinite  post¬ 
ponement,  and  a  stoppage  of  other  work.  Such  had  foi’merly  been  the  practice  : 
in  view  of  further  corrections  the  description  of  the  Rajmahal  hills  had  been 
withheld  for  fifteen  years,  and  is  at  last  in  quite  an  unimjjortant  degree  better 
than  it  would  hav'e  been  at  the  first ;  and  this  is  by  no  means  an  isolated  case. 
Now,  our  principal  duty  is  to  the  greater  public,  to  furnish  an  intelligible  map 
and  description  of  areas  hitherto  geologically  blank ;  and  our  least  finished  woik 
does  that,  however  imperfectly.  The  claim  of  the  very  select  public  of  competent 
geologists — that  all  our  work  should  be  up  to  the  best  standard  of  the  day — 
is  incompatible  with  that  prior  claim,  and  Avith  the  conditions  of  the  situation, 
subjective,  and  objectiAm.  The  points  where  vre  fail  in  this  respect  do  not  much 
affect  the  value  of  the  work  as  a  guide  to  the  ground.  Of  course  every  advice  and 
suggestion  is  given  in  each  case,  so  far  as  can  be  made  from  careful  perusal  of  the 
work  in  manuscript,  but  the  least  intelligent  workman  is  often  the  last  to  take 
advice,  and  the  compelling  reasons  are  mostly  such  as  could  only  be  Avorkedout  on 
the  ground.  I  see  no  compromise  but  the  one  I  adopted,  and  to  which  I  adhere. 
The  risk  it  obviously  implies — the  exposure  of  faulty  AVork — falls  ujDon  our  own 
heads.  The  minor  evils  it  iuA'olves  are  no  greater  than  those  it  removes,  and  the 
smart  of  public  criticism  is  more  wholesome  than  the  heart-burning  of  official 
suppression.  Correction  is,  hoAV'ever,  seldom  more  convincing  than  advice,  and 
in  the  endeavour  to  avoid  it  over-sensitive  or  under- ballasted  Avriters  even  run  into 
a  worse  predicament  than  that  they  Avould  escape  from.  Thus  the  bail  is  kept 
up ;  the  question  of  official  suppression  comes  round  again ;  as  it  is  impossible 
that  our  publications  can  be  made  the  vehicle  of  querulous  rejoinders.  Appeal  is 
then  made  to  non-official  censors.  Kindly  editors  of  independent  journals,  quite 
ignorant  of  the  merits  of  the  case,  and  too  busy  to  examine  it  very  critically,  act 
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upon  the  too  plausible  assumption  tliat  an  eager  protest  against  superior  authority 
is  probably  'well  founded,  and  so  they  publish  communications  which  their  better 
judgment  might  lead  them  to  decline,  if  only  for  the  sake  of  the  writer  himself, 
I  regret  that  an  illustration  of  this  difficulty  has  occurred  during  the  past  year. 

Museum. — The  various  collections  arc  in  g’ood  working  order.  Two  small  popu¬ 
lar  guide  books  were  prepared  ;  one  by  Mr.  Lydekker  for  our  fine  series  of  tertiary 
vertebrates,  and  one  by  Mr.  Mallet  for  the  minerals  ;  they  are  sold  for  mere  cost 
price  at  the  door,  and  have  met  with  some  demand.  Mr.  Fedden  is  now  engaged 
in  rearranging  the  meteorites,  amalgamating  the  Asiatic  Society’s  specimens  with 
the  larger  collection  made  by  the  Survey.  Mr,  Theobald  has  prepared  a  brief  ac¬ 
count  of  meteoric  phenomena  to  be  prefixed  as  a  popular  guide  to  the  new  catalogue. 

Several  small  collections  of  rocks,  minerals,  and  fossils  have  been  foi’warded  to 
local  Museums  and  Colleges. 

Library. — The  number  of  volumes  and  parts  of  volumes  registered  as  received 
during  1879  was  1,283  ;  being  604  by  pi’esentation,  and  6/9  by  purchase.  Ar¬ 
rangements  are  in  progress  for  the  printing  of  the  catalogue. 

Personnel. — Mr.  Ball  was  absent  on  furlough  for  the  whole  year.  Mr.  Foote 
left  for  two  years’  furlough  on  the  13th  ilay.  Mr.  Mallet  took  15  months  leave, 
on  medical  certificate,  on  26th  July.  Mr.  Blanford  took  16  months  furlough  from 
23rd  August.  Mr.  Hughes  returned  from  furlough  on  the  15th  October,  and 
has  taken  up  work  in  the  South  Rewah  Gondwana  basin  on  the  west,  from  Hatni. 

I  was  absent  on  privilege  leave  from  26th  July  to  2oth  October. 

Mr.  Richard  D.  Oldham  was  appointed  by  the  Secretary  of  State  as  an 
Assistant  in  the  Suiwcy,  and  joined  his  post  on  the  17th  of  December.  He  has 
taken  up  work  with  Mr.  King  in  the  Godavari  valley.  In  addition  to  the 
high  proficiency  in  geological  studies  evinced  by  Mr.  Oldham  at  college  and 
aftei'wards  by  independent  work,  we  have  the  pleasure  to  welcome  him  as  the  son 
of  the  founder  of  our  Survey  and  its  successful  director  for  a  period  of  25  years. 

Apprentices  Kishen  Singh  and  Hira  Lall  having  served  their  five  years  of 
probation  ■with  sufficient  credit,  and  having  acquired  a  serviceable  knowdedge 
of  rocks  and  minerals,  they  received,  on  my  recommendation,  pennanent  promo¬ 
tion  as  sub-assistants.  They  have  been  in  turn  usefully  employed  in  the  Office 
and  Museum  in  the  place  of  the  late  Assistant  Curator,  and  this  post  has  been  in 
consequence  dispensed  with.  In  turns  they  take  the  field  with  one  or  other  of 
the  geologists.  It  is  still,  however,  very  doubtful  if  they  can  ever  prove  compe¬ 
tent  for  independent  field-work.  Geologist’s  work  may  not  demand  high  mental 
powers,  but  it  inevitably  requires  some  originality  of  thought  in  dealing  with 
obsenwation  and  induction,  that  peculiarly  modern  turn  of  mind  to  -which  we 
owe  the  present  development  of  natural  science,  the  very  quality  which  moie 
than  any  oflier  makes  the  w’estern  man  different  from  the  eastern.  There  is 
little  or  no  gradation  of  work  in  geological  surveying  :  to  observe  and  interpret 
is  required  from  the  beginning  ;  and  the  observation  does  not  consist  in  measure¬ 
ments,  or  any  kind  of  manual  performance,  but  vii'tually  to  put  a  life  into  stones, 
and  to  trace  the  history  of  that.  life.  Unless  this  is  done  with  some  approach 
to  the  standard  of  modem  kuoivledge  the  work  is  not  ivoidh  pajdng  for. 


Calcutta, 
January  1880. 


H.  B.  MEDLICOTT, 
SwpJt.  of  the  Geological  Survey  of  India. 
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List  of  Societies  and  other  Institutions  from  which  publications  have  been  received  in 
donation  or  exchange  for  the  Library  of  the  Geological  Survey  of  Lidia  during 
the  year  1879. 

Batavia. — Batavian  Society  of  Arts  and  Sciences. 

Belfast. — Natural  History  and  Philosophical  Society. 

Beelis. — German  Geological  Society. 

„  Boyal  Prussian  Academy  of  Sciences. 

Bombay.— Bombay  Branch  of  the  Royal  Asiatic  Society. 

Beeslau. — Silesian  Society  of  Natural  History. 

Bristol. — Naturalists’  Society. 

Becssels. — Geographical  Society  of  Belgium. 

„  Geological  Society  of  Belgium. 

„  Royal  Academy  of  Belgium. 

Calcutta. — Agricultural  and  Horticultural  Society. 

„  Asiatic  Society  of  Bengal. 

„  Meteorological  Survey. 

,,  Trustees,  Indian  Museum. 

Cambridge,  Mass. — Museum  of  Comparative  Zoology. 

Cape  Town. — Ministerial  Department. 

Christiana. — University  of  Christiana 
Copenhagen. — Royal  Danish  Academy. 

Dresden. — The  Isis  Society. 

Dublin. — Royal  Geological  Society  of  Ireland. 

„  Royal  Irish  Academy. 

Edinburgh. — Rojnl  Scottish  Society  of  Arts. 

„  Royal  Society. 

Geneva. — Physical  and  Natural  History  Societj^. 

Glasgow. — Glasgow  University. 

Lausanne. — Vandois  Society  of  Natural  Science. 

Liverpool. — Geological  Society  of  Liverpool. 

„  Literary  and  Philosophical  Society. 

London. — British  Museum. 

„  Geological  Society. 

„  Iron  and  Steel  Institute. 

,,  Linnean  Society. 

Museum  of  Practical  Geology. 

„  Royal  Asiatic  Society. 

„  Royal  Geogi-aphical  Society. 

„  Royal  Institution  of  Greal  Britain. 

„  Royal  Society. 

„  Society  of  Arts. 

„  Zoological  Society. 

iXjyons. — Museum  of  Natural  History. 

Madrid. — Geographical  Society  of  Madrid 
Manchester. — Geological  Society , 
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Mlil.tiOUKXK.- 

>> 

Moscow  .- 

Neucuatei,.- 
New  Haven.- 

Paius.- 

>> 

Philadelvhia.- 


PlSA.- 
POME.- 
>> 

Roorkee.- 
Salem,  Mass.- 

SlNGAPOUE.- 

Stockholm.- 
St.  Peteesbueo.- 
Sydney.- 
Tasmania.- 
Toeonto.- 
Tuein.- 
VlBKNA.- 

Washington. — ' 


Yokohama. — . 


•Milling  Deparlment,  Victoria. 

Royal  Society  of  Victoria. 

-Impeiial  Academy  of  Naturalists. 

-Royal  Bavarian  Academy  of  Sciences. 

-Society  of  Natural  Sciences. 

•Connecticut  Academy  of  Aits  and  Sciences. 

Editors  of  the  American  Joui-nal  of  Science. 
-Geological  Society  of  France. 

Mining  Department. 

-Academy  of  Natural  Sciences. 

American  Philosophical  Society. 

Franklin  Institute. 

-Society  of  Natural  Science,  Tuscany. 

-Geological  Commission  of  Italy. 

Royal  Academy. 

-Thomason  College  of  Civil  Engineering. 

-American  Association  for  the  Advancement  of  Science, 
•Straits  Branch  of  the  Royal  Asiatic  Society. 
-Geological  Survey  of  Sweden. 

-Imperial  Academy  of  Sciences. 

-Royal  Society  of  New  South  Wales. 

-Royal  Society. 

•Canadian  Institute. 

-Royal  Academy  of  Sciences. 

-Imperial  Academy  of  Sciences. 

Imperial  Geological  Institute. 

Department  of  Agi-iculture,  U.  S.  A. 

Department  of  the  Interior. 

Smithsonian  Institute. 

United  States  Geological  and  Geographical  Survey. 

U.  S.  Geological  Exploration  of  the  40th  Parallel. 
Geological  Survey  of  New  Zealand. 

Now  Zealand  Institute. 

Asiatic  Society  of  Japan. 

German  Naturalists’  Society. 


Governments  of  Bengal,  Madras,  North-West  Provinces,  and  the  Punjab  ;  Chief 
Commissioners  of  Assam,  British  Burmah,  Central  Provinces,  and  Mysore ; 
Suiierintendonts  of  the  Marine  and  Great  Trigonometrical  Surveys ;  India  Office, 
London  ;  Foreign,  and  Home,  Revenue  and  Agriculture  Departments ;  and  the 
Resident,  Hyderabad. 
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Additional  notes  on  the  G-eology  of  the  Upper  Godavari  basin  in  the 

NEIGHBOURHOOD  OP  SiRONCHA,  bij  WiLLiAM  KiNG,  B.A.,  Deputy  Superintend- 

ent,  Geological  Survey  of  Indict.^ 

Tlie  last  paper  ^  wi-itten  on  the  geology  of  this  region  by  my  colleague 
Mr.  T.  W.  H.  Hughes,  the  result,  as  it  was,  of  later  and  more  extended  surveys, 
placed  the  relations  of  the  Grondwana  strata  of  this  part  of  the  Godavari  and 
Pranhita  area  in  so  different  a  light  in  some  respects  to  what  I  had  anticipated 
in  my  paper®  of  the  previous  year  that  it  became  necessary  to  revisit  the  ground 
over  which  I  had  already  made  a  cursory  tour  with  Mr.  Hughes. 

The  result  has  been  to  a  cei'tain  extent  satisfactory :  a  more  detailed  survey 
of  the  rocks  has  been  effected,  and  some  clearer  insight  obtained  of  the  rela¬ 
tions  of  the  different  groups  of  strata ;  but  little  additional  evidence  has  been 
secured  as  to  the  conditions  of  the  horizon  between  the  upper  and  lower  divi 
sions  of  the  Gondwana  system  than  what  we  have  ever  had  in  this  at  first 
very  promising  region  for  the  solution  of  that  pioblem.  There  is  no  doubt,  how¬ 
ever,  that  we  have  here  near  Sironcha  two  great  divisions  of  the  Gondwanas, 
namely,  the  Kamthis  and  an  upper  series  which  we  have  gradually,  through 
Mr.  Huo-hes’  researches,  come  to  class  as  the  Kota-Maleris,  though  I  was 
myself  inclined  at  first  to  introduce  an  intermediate  group,  the  Sirofleha  sand¬ 
stones,  considering  it  representative  of  my  Golapilli  sandstones  in  the  lower 
Godavari  districts. 

The  main  question,  and  that  on  which  nearly  all  the  others  hang,  is,  as  to 
whether  the  sandstones  of  Sironcha  town  are  really  of  the  upper  or  lower 
Gondwanas  ;  but  unfortunately,  after  all  my  endeavours,  I  have  not  been  able  to 
find  fossils  or  sections  w'hich  shall  absolutely  settle  this  point,  though  there  is 
plenty  of  negative  evidence  on  both  sides  of  the  question.  I  should  naturally 
try  to  employ  this  negative  evidence  in  favor  of  my  own  original  view  of  their 
relations,  but  the  balance  of  evidence  given  by  Mr.  Hughes  seems,  on  the  whole, 
to  be  more  in  favor  of  a  lower  Gondwana  age  for  these  beds. 

The  late  Superintendent  (Dr.  Oldham)  and  Mr.  W.  T.  Blanford  are,  besides 
myself,  the  only  members  of  the  Survey  who  have  examined  these  puzzling  beds, 
and  Blanford  had  ah-eady  inferred  that  they  are  Kamthis.  His  opinion  had 
naturally  great  weight  with  me ;  but  knowing  that  he  had  not  spent  much  time 
over  that  locality,  and  that  I  had  already  been  able  to  eliminate  the  upper 
Gondwanas  from  his  general  area  of  Kamthis  at  Ellore  in  the  lower  Godavari 
district  while  I  had  up  here  the  remarkable  section  at  Kaloswar,  the  new  facies 
of  the  rocks  themselves,  and  the  find  of  plant  remains  at  Anaram,  I  was  led  to 
surmise  that  there  were  representatives  here  also  of  the  lower  Godavari  rocks. 
Hughes’  paper  threw  considerable  doubt  over  this  suggested  correlation,  but  his 

'  The  descriptions  in  this  paper  can  in  groat  part  he  followed  with  the  aid  of  the  small  map 
annexed  to  Mr.  Hughes’  paper  in  Vol.  XI,  Part  1.  of  the  Eocords.  A  map  of  the  completed 
survey  will  he  published  with  Mr.  King’s  full  description  in  the  Jlemoirs. 

^  Records,  Vol.  XI,  Part  1,  1878. 

^  Records,  Vol,  X,  Part  2, 1877. 
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boundary  between  the  upper  and  lower  Grondwanas  did  not  satisfy  me.  I  was 
again  extremely  puzzled  by  fresh  features  in  the  rocks  at  Kaleswar,  and  I  find 
that  the  Aravi-Somnapali  sandstones  underlying  the  Angrezpali  outlier  of  red 
clays  are  remarkably  like  those  of  Sii’oncha. 

However,  on  carefully  revising  my  last  season’s  work,  I  really  see  no  other 
way  to  a  solution  of  the  question  than  to  yield  the  point  that  these  sandstones  of 
Sironcha  town  must  be  of  lower  Gondwana  age,  if  not  upper  Kamthis,  then 
possibly  an  independent  group. 

The  Sandstones  op  Sironcha. 

For  convenience  of  discussion,  it  -will  be  as  well  to  write  of  these  still  as 
Sironcha  sandstones.  I  have  been  led  in  great  part,  over  and  outside  of  the 
arguments  put  forward  by  Mr.  Hughes,  to  look  on  these  bods  as  of  lower  Gond¬ 
wana  age,  through  having  found  fossils  (decided  by  Dr.  Feistmantel  to  be 
preferably  of  Kamthi  ago)  in  rocks  of  Hughes’  gTound  on  the  Wardha  which 
from  their  lithological  characters  I  had  at  once  assumed  as  representatives  of  the 
Sironchas.  This  was  near  Porsa,  and  on  a  horizon  corresponding  to  that  of 
the  Aravi-Somnapiali  sandstones. 

I  have  unfortunately,  with  all  my  search,  not  been  able  to  find  any  recogni¬ 
zable  fossils  at  Sironcha,  though  there  are  some  fragments  of  stalks  on  red 
shales  bearing  a  faint  resemblance  to  others  in  the  Anaram  beds.  Tt  likewise 
appears  from  the  following  note  ^  of  the  Eev.  Mr.  Hislop  that  fossils  of  lower 
Gondwana  age  were  once  found  at  Sironcha.  “  In  the  sandstone  at  Sironcha, 
6  miles  further  down  the  river  Pranhita,  there  is  an  abundance  of  compressed 
stems  identical  with  those  at  Silewada :  so  that  there  can  be  no  doubt  that 
the  ai’gillaccous  sandstone  there  is  of  the  Damuda  group.  This  sandstone  of 
Sironcha  is  stated  by  Mr.  Wall  to  underlie  almost  immediately  the  Kota  lime¬ 
stone.” 

Looking  on  the  ‘  Sironchas  ’  as  of  lower  Gondwana  ago,  I  can  then  place 
the  boundary  between  them  and  the  Kota-Maleris  more  definitely  than  was 
attempted  by  Hughes  :  in  fact  it  must  run  very  much  where  I  always  drew  the 
line  between  the  Sironcha  sandstones  and  the  Maleri  clays,  or  rather  the  Kotas, 
for  the  remarkable  feature  about  the  Sironcha  sandstones  is  that  they  (unlike 
the  other  Kamthi  or  lower  Gondwana  outcrops  to  the  north-west  of  Sironcha) 
are  not  overlaid  by  Maleri  clays,  but  by  Kota  limestones. 

From  (and  including)  Sironcha  town  to  the  Godavari  river  opposite  Kaleswar 
there  is  a  tolerably  continuous  outcrop  of  sandstones  in  the  left  bank  of  the 
Pi-anhita,  in  which  there  is  not  a  break  allowing  of  such  a  boundary  as  that 
suggested  by  Hughes  in  his  map  being  continued  to  the  Sironcha  side  of  the 
river.  The  Sironchas  must  be  considered  as  at  least  extending  from  the  north¬ 
east  suburb  of  the  town  to  Nagrum  O23posite  Kaleswar.  If  ever  it  become  neces¬ 
sary  to  distinguish  the  Sironchas  as  upper  Ka'mthis  or  as  an  independent 
group,  then  their  lower  boundary  must  be  di'awn  at  Kaleswar,  though  not  at 
the  section  on  which  Hughes  and  I  ultimately  agreed  that  there  was  only  a 
resemblance  of  unconformity. 

1  fro.  Gcol.  Soc.,  London,  20th  Novomher  1861,  Vol.  XVlll,  p.  36. 
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I  have  been  able  this  year  tu  trace  decisively  the  bods  of  Sironclia  town 
across  the  Pranhita  into  the  rising  ground  culminating  in  the  hill-station  above 
Arjunguta.  We  had,  I  think,  always  supposed  this  to  be  the  case,  and  the  hill- 
station  beds  had  ever  seemed  to  me  of  a  true  Kamthi  facies,  while  the  ascer¬ 
tained  continuity  of  strata  so  far  cai'rics  these  bods  nearer  to  the  Anaram  strata 
Avith  their  upper  GondAvana  plant  remains.  The  hill-station  beds  ai-o  brown  and 
ferruginous  with  a  decided  Kamthi  look,  and  ai-e  in  part  very  hard  and  vitreous, 
haA'ing  thus  a  much  older  appearance  than  the  Sironchas ;  however,  I  actually 
found  unmistakoable  Sironcha  bods  merging  into  these  hard  vitrcoxr.s  bods  ;  and 
so  there  is  no  doubt  at  all,  in  my  mind,  that  the  Arjunguta  bod  and  those  of 
Sii’oncha  ai*e  the  same;  while  the  fonner  have  the  Kamthi  facies.  The  Arjun¬ 
guta  hill-station  is  at  the  west-south -Avest  end  of  a  line  of  faidts  which  may  be 
said  to  limit  in  part  the  north- Avesteily  extension  of  the  Sh’oncha  strata,  those 
being  also  cut  oS  to  the  south-east,  after  a  length  of  some  15  miles,  by  another 
more  or  less  east-and-Avest  fault  near  Ardium  on  the  left  bank  of  the  Godavari. 

To  the  north  of  the  Arjunguta  hill-station  are  the  oft-noted  Anaram  beds 
Avhich  yielded  the  j)lant  remains  Palissya  confeda,  and  Ghirolepls  miinsteri,  and 
Avhich  I  had  concluded  were  overlying  the  Sironcha  beds  in  natural  sequence. 
The  sections  and  exjxosures  of  rock  in  this  jxart  of  the  country  arc  not  continu¬ 
ous,  as  they  are  coAxrod  up  in  the  most  disappointing  Avay  by  alluvium,  and 
there  is  the  fault  just  mentioned ;  still  a  certain  connexion  of  the  Sironcha  beds 
with  others  in  the  Kota-Malcri  field  is  apparent,  Avhich  Avill  ahvays,  until  fossil 
evidence  be  found,  cast  a  shadoAV  of  doubt  over  the  grouping  and  mapping  of 
this  series, 

As  it  happens,  the  Anaram  beds  are  not  traceable  in  the  Arjunguta  outci’op, 
but  they  may  bo  followed  down  by  the  right  bank  of  the  Pranhita  to  a  point 
cast-north-east  of  the  hill-station,  where  the  outcrop  ceases  suddenly,  there  being- 
nothing  hence  for  a  mile  or  so  but  the  high  alluvial  bank  of  the  riA-er,  Avhich 
bays  inland  for  some  distance,  lapping  round  the  slopes  of  the  Arjunguta  high 
ground.  Not  only  is  there  this  abrupt  ending  of  the  strata,  but,  after  pui-- 
suing  an  even  course  with  a  lie  of  20°  to  30°  to  the  cast-north-oast,  they  suddenly 
shoAV  signs  of  a  sharp  bond  to  the  south-south-oast,  Avith  rough  slickensidos  and 
much  silicious  and  ferruginous  infiltration.  Nearly  all  safe  signs  of  lamina¬ 
tion  and  bedding  are  obliterated  in  the  strong  silicious  infiltrations  which  sti-ike 
irregularly  in  a  general  east-north-east  to  Avest-south-west  run  and  nearly  vertical 
dip.  Prom  this  point  to  the  hill-station  there  is  a  decided  hard  wall  or  ridge  of 
beds  much  impregnated  with  silicious  and  ferruginous  matter  in  the  same  irre¬ 
gular  strips  and  seams  ;  Andram  pebble  beds,  jxurplo  shales,  clays,  and  sands 
forming  this  wall  and  lying  to  the  north  of  it. 

An  important  feature  about  the  Aniir-Xm  locality  is,  that  in  going  Avest-south- 
Avest  from  the  vdllage,  one  pa.sses  over  softish  red  lilac  and  buff  sands,  pebble  beds, 
shales,  clays,  &c.,  liaA’ing  a  tolerably  regular  north-east  lie  ;  but  after  about  half 
a  mile  the  bods  become  troubled,  rather  flaggy,  hard,  and  more  and  more  ferrugi¬ 
nous,  Avhen  it  becomes  gradually  apparent  that  one  mrxst  noAv  be  on  Kamthis. 
Such  a  succession,  in  descending  order,  may  bo  found  up  any  of  the  nalas 
to  the  north-Avest  of  Anaram  as  far  as  Yedlabundun ;  and  thus  there  seems 
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little  doubt  that  tbo  Aiuiraiu  sti-ata  are  overlying  Karutliis,  whicb,  tliougb  this 
is  partially  concealed  and  interrupted  by  the  fault,  are  apparently  continued 
in  the  Arjunguta  bill  and  at  Sironeba.  No  red  Maleri  clays  come  in  between 
the  Anaram  strata  and  the  Kamthis  of  Linganapeta,  but  true  red  clays  occur 
near  Isnai,  some  5  or  6  mile.s  west-nortb-west,  serially  at  a  much  lower  hori¬ 
zon  than  the  Anaram  beds. 

At  Ycdlabundun  everything  is  covered  up  for  some  miles  along  the  valley  of 
the  tributary  stream,  so  that  neither  the  Anaram  nor  the  Linganapeta  beds  are 
traceable  with  any  certainty  to  the  north-west,  though  the  Anaram  beds  seem  to 
be  continued  in  the  sandstone  bolt  underlying  the  great  zone  of  limestones 
striking  away  to  Mulkalapeta,  which,  as  will  be  seen  further  on,  I  take  to  be  the 
same  as  the  Kota  band. 

Thus  far,  the  points  gained  or  advanced  in  this  enquiry  are — 

First,  that  my  so-called  Sironcha  sandstones  are  of  lower  Gondwana  age  and 
j)robably  belong  to  the  Kamthi  group.  They  are  extremely  like  those  of  Aravi- 
Somnapali,  which  are  on  a  horizon  corresponding  to  that  of  the  beds  near  Porsa, 
which  Mr.  Hughes  had  already  determined  as  Kamthis,  a  conclusion  verified  by 
the  fossils  I  afterwards  found  in  them. 

Second,  that  the  Anaram  plant  shales  are  locally  bottom  beds  resting  on 
Kamthis,  and  lower  in  the  Kota-Maleri  group  than  the  Kota  zone  of  limestones. 

The  Kota-Maleei  Group. 

The  most  definite  and  recognizable  strata  in  the  Kota-Maleri  series  are  the 
limestone  bands.  Hitherto,  we  have  been  under  the  impression  that  there  might 
be  only  one  of  these,  that  of  Kota  itself,  of  which  the  outcrop  at  Itial  (on  the 
Jangaon  river)  was  a  portion.  I  have,  this  season,  been  at  the  trouble  of  look, 
ing  up  all  the  outcrops  of  these  rocks,  and  there  is  now  no  doubt  at  all  that 
there  are  at  least  three  bands  or  zones ;  still  the  evidence  is  not  quite  clear  ag 
to  the  course  of  the  Kota  outcrop,  that  is,  it  is  not  continuous  over  the  most 
important  parts  of  the  field.  Indeed,  the  whole  limestone  sub-division,  or  what 
I  have  previously  called  the  Kota  group,  is  so  much  broken  and  interrupted  near 
Sironcha  that  it  will  perhaps  be  better  to  treat  of  it  separately,  as  it  occurs  in  two 
areas,  to  the  north-west  and  to  the  south-east  of  that  town. 

The  Franhita  area. 

The  Kota  Band  (No.  2). — To  the  north-west  of  Sironcha  thei’eare,  first  of  all, 
the  historic  beds  of  Kota,  a  mere  isolated  outcroj)  in  the  left  bank  of  the  Pran- 
hita.  It  is  to  all  appearance  the  same  band  as  that  of  Tondala  to  the  east  of 
Sii'oncha,  and  it  appears  again  to  the  north-west  as  the  great  band,  with  similar 
fish  scales,  at  Katapur,  whence  it  stretches  away  up  to  near  the  bank  of  the 
Jangaon  river  at  Parwatipet.  The  lino  of  the  Arjunguta  fault  may  strike 
across  between  the  Kota  and  Tondala  outcrops,  so  that  it  is  possible  they  may 
not  bo  of  the  same  band,  though  I  think  they  are,  being  merely  stopped  for  a 
short  distance,  but  there  seems  no  reason  to  doubt  that  the  Kota  and  Katajmr 
outcrops  are  of  one  and  the  same  band. 
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The  Bugarani  Band  {No.  3). — Towards  the  Jangaon  river  and  about  a  mile 
and  half  eastward  of  Parwatipet  are  some  further  exposures  of  limestone  in  a 
still  higher  band,  the  highest  in  fact  that  we  know  of,  but  I  was  not  able  to  detect 
it  to  the  south-east,  except,  apparently,  spot  between  Waddaguram  and 

Somtum  on  the  right  bank  of  the  Pranhita.  This  band  may  also  possibly  give 
a  doubtful  oiitcrop,  noticed  last  year,  as  Ij  ing  below  the  Chikiala  scarps  north  of 
Sii’oncha.  No  fossils  have  been  seen  in  this  outcrop. 

The  Metapali  Band  {No.  1). — This  occurs  about  2  miles  or  less  to  the  west 
of  that  of  Parwatipet,  and  is  thus  lower  in  the  series  than  the  Kota  band.  It  is 
strongest  about  Metapali,  being  there  about  a  mile  in  width,  with  a  very  low  dip, 
and  thence  it  is  traceable  for  a  long  distance  to  the  south-east  past  Siirarum, 
Katapali,  and  Busnai,  and  for  5  or  6  miles  further  in  that  direction.  To  the 
north-west  I  could  not  follow  it  satisfactorily,  but  it  ajipears  to  run  straight  for 
Bibra,  a  short  distance  north  of  which  are  some  outcrops  of  hard  dark-colored 
limestones.  So  far  this  band  has  failed  to  yield  any  fossils.  The  lie  of  the  beds 
is,  however,  so  very  low,  often  nearly  flat,  at  its  north-east  end,  that  I  am  almost 
inclined  to  think  that  this  band  may  be  represented  in  the  Itial  outcrop  lying 
much  more  to  the  west-north- west. 

The  limestones  of  Itial  form,  to  all  appearance,  a  completely  isolated  outlier 
of  nearly  flat  or  flat-rolling  beds  resting  on  red  clays  associated  with  a  thick 
series  of  sandstones,  which  in  their  turn  overlie  the  j)roper  reptilian  red  clays  of 
hlaleri.  They  are  thus  for  this  part  of  the  country  the  lowest  true  limestone 
band  in  the  Kota-Maleri  group,  and  certainly  in  this  way  they  correspond  to 
the  Metapali  band,  which  for  its  known  length  is  also  the  lowest  band,  resting  also 
on  a  sandstone  belt  overlj-ing  the  reptilian  clays.  The  Itial  beds  are  fossiliferous, 
with  lepidotus  scales.' 

Between  the  thin  limestone  beds,  and  above  and  below  them,  are  great 
thicknesses  of  rather  soft,  open  textured  variegated  sandstones,  sometimes  having 
sti’ong  runs  of  buff,  pink,  lilac  and  white  clay  galls  and  rolled  lumps,  with  which 
are  intercalated  thin  bands  of  red  and  chocolate-colored  clays.  The  limestones 
shade  rapidly  downwards  into  the  sandstones  by  calcareoiis  sands  and  clays, 
and  intercalated  with  them  also  are  thin  seams  of  bright  red  clays.  If  I  am 
right  in  my  surmise  that  the  Anaram  beds  are  continued  north-westward  past 
Yedlabundun,  then  they  lie  between  the  Kota  and  Metapali  bands.  This  place.s 
the  Pahssya  conferta  and  Ghirolepis  muneteri  of  Anaram  with  the  liassic  fish  of 
the  limestone  or  Kota  sub-division. 

A  remarkable  feature  about  the  stratigraphy  of  these  limestone  bands  is, 
that  they  are  not  traceable  to  the  north  of  the  Jangaon  river,  though  two  of  the 
sandstone  belts  associated  with  them  and  the  red  clays  are  continued  on  to  the 
Wardha  river.  Of  com-se  this  non-appearance  of  outcroji.s  may  be  due  to  the 
very  thick  covering  deposits  of  the  Jangaon  valley;  but  the  probability  is,  I 
think,  that  they  have  thinned  out,  and  that  their  flatter  lie  allowed  of  gi’cator 
erosion,  only  one  isolated  jJatch  of  the  lowest  band  being  left. 

The  lie  of  the  beds  is  generally  vciy  low,  from  2°  to  3’,  though  the  outcrops 
are  often  broad  and  marked,  giving  an  idea  of  great  Ihickness.  Tor  instance,  the 
most  steady  and  fair  outcrop  of  good  massive  limestone  beds,  in  the  Kota  band 
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near  Katapur,  cannot  be  much  less  than  800  yards  wide,  which  at  an  average 

dip  of  6°  would  only  give  about  200  feet  for  the  thickness.  The  limestone  is 

usually  a  grey  compact  hard  splintery  rock,  rather  clayey  or  earthy,  with  many 
seams  of  white  chert ;  in  fact,  it  appears  to  have  been  originally  a  fine  calcareous 
mud. 

The  limestone  series  comes  suddenly  or  decidedly  over  the  Maleri  clays  by 
the  presence  of  distinct  bands  of  limestone  strata.  I  could  not,  however,  ascertain 
i  n  this  Pranhita  field  that  this  upper  member  is  fairly  separable  from  the  Maleri 
clays  except  by  a  sort  of  overlaj),  at  either  end  of  the  field,  of  the  sandstone 

below  the  Metapali-Itial  band,  and  that  the  red  clays  have  their  distinctive 

rubbly  calcareous  sandstone,  just  as  the  upper  member  has  its  distinctive  bands  of 
limestone.  I  do  not  recollect  a  single  instance  of  rubbly  calcareous  sandstones 
in  the  upper  member;  but  there  certainly  is  a  shading  of  the  calcareous  elements 
throughout  the  gi'oujD  as  from  distinct  river  deposits  to  others  of  a  more  estu¬ 
arine  character. 

The  Metapali-Itial  limestones  overlie  soft  variegated  sandstones  with  many 
thin  intercalated  beds  of  red,  w'hite,  and  greenish  clays,  and  a  band  (or  perhaps 
bauds)  of  dark  grey  calcareous  sandstone,  massive  and  compact,  putting  on,  on 
weathered  surfaces,  a  guise  of  limestone  so  strongly  that  it  must  be  hammered 
at  to  distinguish  it  from  the  true  rock.  Neither  is  it  the  rubbly  calcareous  rock 
of  the  red  clays.  It  may  be  considered  as  a  kind  of  passage  rock  deposited  in 
the  period  of  change  in  the  character  of  the  waters  of  the  Kota-Maleri  basin 
This  calcareous  grit  is  very  constant  in  the  sandstones  below  the  Metapali  band, 
all  round  (starting  from  the  Itial  end)  by  Rajaram,  Sardajmr,  and  Bamena,  and 
so  dorvn  to  Kondampeta.  It  shows  again  in  force,  but  somewhat  sub-divided,  in 
the  thick  series  of  sandstones  underlying  the  Itial  limestone  and  sjsreadiiig  out 
to  the  west-north-west  up  to  the  Jangaon  river  from  Gungapur. 

In  following  the  limestone  member  to  the  south-eastward,  the  Metapali 
band  seems  to  thin  out,  though  the  sandstones  above  and  below  it  are  in  force  to 
the  tributary  nala  flowing  down  towards  Tedlabundun.  This  thinning  out  may, 
however,  only  be  apparent,  for  it  is  wonderful  how  these  limestone  bands  are  hid 
beneath  the  more  recent  deposits,  the  debris  from  the  outcrops  of  the  associated 
sandstone  belts  being  enormously  spread  over  the  country. 

At  any  rate,  at  or  near  Sironcha,  the  only  band  carrying  the  Kota-Maleris 
into  the  Godavari  area  is  that  of  Tondala,  which  I  take  to  be  of  the  Kota  band, 
and  it  is  in  very  close  proximity  to  the  Sironcha  sandstones. 

r/te  Godavari  area. 

The  Kota-Maleris,  or  perhaps  more  properly  the  limestone  or  Kota  member 
of  the  group,  has  been  traced  out  in  this  direction  with  somewhat  more  derail, 
but  there  are  awkw’ard  breaks  in  contimrity  of  strike,  and  a  very  large  area  to 
the  south  of  the  Indravati  bend  of  the  Godavari  is  either  covered  up  by  super, 
ficial  deposits,  or  too  shut  np  by  jungle  for  close  survey. 

I  cai-ried  the  Tondala  outcrop  fairly  down  to  Ohitur,  beyond  which  village 
there  is  no  further  trace  of  such  rocks  until  within  a  couple  of  miles  of 
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Assaralli ;  bixt  these  beds  are  shifted  out  of  what  would  be  the  course  of  the  band, 
and  very  possibly  belong  to  the  uppermost  Bagarani  zone. 

The  Tondala  outcrop  is  underlaid  by  the  Sironcha  sandstones  as  far  as 
Chitur,  where  the  latter  also  end  abruptly  at  an  east-west  fault,  and  are  succeed¬ 
ed  in  their  strike  by  two  fresh  outcrops  of  limestone.  The  nearest  of  these  to 
that  of  Assaralli  is  a  rather  broad  and  distinct  one,  running  down  to  Ankissa. 
This  is  of  the  usual  Kota  stamp,  and  I  take  it  as  corresponding  to  that  outcrop, 
though  no  fossils  were  found  in  it. 

Some  3  miles  further  west  a  very  strong  and  rather  broad  band  of  lime¬ 
stones  occurs  close  to  Ardium,  and  thence  it  is  continued  south-east  to  the  left 
or  north  bank  of  the  Godavari.  There  was  no  yield  of  fossils  here,  but  this 
band  must,  I  think,  be  looked  on  as  answering  to  that  of  Metapali-Itial  in  the 
Pranhita  area.  The  feature  of  this  outcrop  is,  that  it  is  unmistakably  faulted 
against  Sironchas,  while  it  rests  on  sandstones,  clays  and  shales  of  the  Kota- 
Maleri  type. 

The  great  east-west  or  Indravati  reach  of  the  Godavari  presents  a  blank  of 
new  alluvial  deposits,  but  on  the  right  or  opposite  bank  two  broad  spreads  of 
fossiliferous  limestone  are  again  met  with  which  must  be  continuations  of  those 
at  Ankissa  and  Ardium. 

The  Assaralli  outcrop  could  not  be  expected  to  appear,  as  it  must  have  trended 
under  the  Chikiala  sandstones  of  Woraguram.  However,  to  the  west  of  this 
village,  there  is  a  gi’eat  show  of  strong  beds,  for  about  a  mile  in  width,  implying 
a  thickness  of  448  feet  at  least ;  and  in  a  tumbled  outcrop  of  these  I  found  a 
fine  skeleton  of  a  fish  and  matted  masses  of  scales.  Here  also  are  two  thin 
seams  of  carbonaceous  shale,  an  accompaniment  which  adds  further  to  the  identi¬ 
fication  of  this  as  the  Kota  band.  In  the  broad  outcrop  of  thick-bedded  lime¬ 
stones,  I  obtained  a  few  specimens  of  fish  and  saw  many  others  which  could  not, 
however,  be  chiselled  from  the  huge  blocks  of  hard  splintery  rock.  This  band 
could  not  be  followed  further  south  than  Palmela  owing  to  the  covering  gravels 
and  sands. 

Three  miles  further  westward  there  is  again  a  wide  belt  of  limestones  having 
its  western  edge  near  Lankalagada,  in  which  a  few  more  fish- remains  were  found. 
Here,  again,  the  beds  are  faulted  against  sandstones  forming  the  bank  of  the  river, 
the  north-north-east  dipping  strata  being  bent  down  to  the  southward  at  the 
Lankalagada  end  of  the  fault.  The  line  of  fault  is  not  very  clear,  but  it  was 
more  or  less  east  and  w'est,  rather  to  the  south  of  east.  The  limestones,  like 
those  of  Ardium,  overlie  sandstones,  which  must  be  considered  as  of  the  Kota- 
Maleri  group.  The  sandstones  on  the  noith  side  of  the  fault,  and  forming  the 
bank  of  the  river,  are,  I  think,  Kamthis. 

This  outcrop  is  traceable  south  as  far  as  Sigampali,  and  beyond  this  only 
faint  traces  of  limestone  occur  near  EedipaH  and  towards  Ahilapuram,  where 
the  Kota-Maleri  strata  trend  close  on  the  Kamthis  of  the  ridge  south  of  the 
village  ;  but  there  is  no  section  showing  the  relation  of  the  two  groups. 

In  this  southern  portion  of  the  field,  there  are  no  strata  answering  exactly 
to  the  Maleri  member  of  the  group,  or  the  proper  Red-clay  sub-division ;  but 
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it  is  probable  that  there  is  a  great  thickening  oirt  of  the  sandstones  below  the 
Ardiuni-Lankalagada  outcrop. 

Certainly  there  are  neither  sandstones  nor  clays  answering  in  any  way  to  the 
Maleris  between  the  Tondala-Chitur  outcrop  and  the  Sironcha  beds,  though  such 
may  haye  been  tin-own  down  by  a  north-west  to  south-east  fault,  else  may 
be  hidden  under  the  Tondala  beds  and  deposited  against  a  steep  face  of  Sironcha. 
I  could  see  no  trace  of  a  fault  along  this  line,  or  running  from  either  end  into 
the  Maleri  country  or  south-eastwards  to  Assaralli ;  hence  it  would  seem  as  if  a 
natural,  though  very  abrupt,  boundary  were  the  simpler  interpretation  of  this 
unusual  association  of  the  Tipper  and  Lower  Gondwanas. 

Birt  this  is  an  association  implying  strong  unconformity,  such  as  might  be 
expected  to  occur  under  the  marked  overlap  pointed  out  by  Mr.  Hughes  as  ex¬ 
isting  between  the  Kota-Maleris  and  Kamthis. 

The  Ardium  limestones  overlie  a  set  of  sandstones  which  are  very  well 
displayed  in  the  river  bank  going  towards  Aipeta.  Proceeding  up  along  the 
river  bank,  these  thick-bedded  sandstones  are  succeeded  by  a  good  thickness  of 
variegated  beds,  and  then  by  irregular  bands  of  greenish-white  clays,  calcareous 
sandy  clays  and  shales,  and  rough  rubbly  marly-looking  bauds  with  recurrent 
white  and  light-colored  arenaceous  beds  and  other  harder  seams  of  sandstone, 
all  having  rather  a  calcareous  constitution ;  and  then  there  are  traces  of  thin 
chocolate  clays  coming  in  towards  the  top  and  underneath  the  limestones.  There 
are  also  beds  of  about  a  foot  thick  of  calcareous  grits  Avith  small  lumps  of  green¬ 
ish  and  red  clays. 

These  ai-e  very  much  the  style  of  rocks  OA-erlying  the  Kota  limestones,  and, 
indeed,  such  as  appear  here  and  there,  only  much  less  freely  exposed,  associated 
above  and  below  all  the  limestone  outcrops ;  but  there  are  no  signs  of  the  bright 
red-clay  series. 

Immediately  north  of  the  small  hamlet  of  Madagam  on  the  opposite  bank  of 
the  i-iA'cr,  there  is  a  good  outcrop  of  beds  like  those  on  the  Ardium  side ;  but 
tlieir  ends  are  faulted  against  a  stronger  outcrop  of  arenaceous  beds  immediately 
under  the  village,  in  a  nearly  east-west  line.  The  beds  on  the  north  side  are 
much  seamed  Avith  nearly  A-ertical  east-A\'est  veins  and  strings  of  silicious  consti¬ 
tution,  the  result  being  that  the  outcrop  is  more  a  series  of  hard  ridges  in  this 
direction,  giA-ing  an  appearance  of  bedding,  Avhile  close  to  the  fault  itself  the  ends 
of  the  strata  are  turned  doAvn  to  the  northward  Avith  slickensidod  faces  having  a 
dip  of  70°. 

In  the  absence  of  fossils  and  any  very  decided  lithological  characters,  it  is,  of 
course,  impossible  to  say  that  the  Madagam  beds  on  the  south  side  are  really  of 
a  different  group  or  series  to  those  on  the  north  side  of  the  fault ;  but  they 
certainly  appeared  to  me  to  have  more  of  a  Kamthi  facies,  and  to  be  the  same  as 
the  beds  further  down  the  riA-er  side  near  Lankalagada. 

I  liaA^e  already,  in  previous  progress  reports,  given  an  account  of  the  strata 
lAuderlying  the  Lankalagada  limestone,  describing  them  as  of  the  Kota-Maleri 
group.  They  are  all  sandstones  Avith  a  few  thin  bands  of  rod  clay,  and  Ioav  down 
in  them  is  a  thin  calcareous  band  shoAving  scarcely  a  fair  limestone  flag.  Now 
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that  I  have  had  an  opportunity  of  examining  the  Malori  held  more  closely,  I  may 
say  that  these  rooks  remind  me  very  much  of  those  underlying  the  southern  por¬ 
tion  of  the  Matapali-Itial  limestone  hand. 

Thus  far  I  can  write  of  those  southern  beds,  and  the  apparent  absence  or 
non-existence  of  any  red-clay  series  ;  but  as  the  country  has  not  yielded  to  me 
any  evidence  as  to  the  boundary,  except  that  there  mu  st  be  one  in  the  approxi 
mate  line  I  have  drawn  south-eastward  from  Madapur,  I  cannot  say  that  the 
Maleri  clays  may  not  be  hidden  by  faulting,  or  along  an  old  steep  shoi-e  edge.. 
There  is  no  doubt  that  the  country  above  this  reach  of  the  Godavari  is  a  good 
deal  out  up  by  dislocation,  more  generally  in  the  east.west  line,  and  there  are 
indications  of  steep  shore  edges. 

As  bearing  on  this,  hoAvever,  it  may  be  as  well  not  to  leave  out  of  notice  a 
very  exceptional  occurrence  of  red  and  green  clays  some  miles  further  south, 
right  in  the  centre  of  one  of  the  most  unfrequented  parts  of  this  largest  jungle 
waste  in  the  Nizam’s  dominions.  About  13  miles  south  of  Ahilajjuram,  while 
working  over  an  immense  succession  of  ferruginous  sandstones  which  must 
bo  reckoned  as  Kiimthis  (though  I  have  hitherto  always  strained  at  an  upper 
Gondwana  jplace  for  them,  owing  to  their  Sironcha  facies)  on  the  Konda- 
party  stream  I  suddenly  came  on  high  banks  of  red  clays  with  green  and  white 
seams  and  partings  of  the  well-known  Maleri  type.  I  tried  all  I  could  to  carry 
this  outcrop  into  some  sort  of  relation  with  the  coarse-brown  sandstones  in  the 
adjacent  jungle,  but  without  success  ;  and  I  can  only  now  record  its  occurrence, 
with  the  surmise  that  it  is  left  there  in  the  midst  of  Kamthi  strata  by  faulting, 
or  possibly  as  an  outlying  patch. 

Before  turning  north  again  to  discover  more  closely  the  further  evidence 
which  has  been  obtained  of  the  red-clay  series,  it  will  be  as  well  again  to  note  the 
points  which  have  been  gained  or  advanced  so  far — 

1.  The  Kota-Maleri  group  may  be  considered  to  consist  of  two  members,  an 
upper  division  characterized  by  having  three  well-marked  limestone  zones,  two 
of  which  contain  fish-remains  having  liassic  affinities,  and  a  lower  division 
characterized  by  a  strong  development  of  red  clays  with  remains  of  reptiles  and 
fishes  of  triassic  age.  This  marked  difference  of  age  of  animal  remains  in  what 
appears  to  be  one  group  of  a  formation  is  now  partly  accounted  for  in  the  fact 
that  the  rocks  containing  one  set  are  decidedly  higher  in  the  gi-oup  than  the 
rocks  containing  the  other ;  and  as  there  is  still  a  certain  amount  of  hesitation^ 
exhibited  by  my  colleagues  in  their  writings  on  this  single  point,  I  may 
be  excused  for  reiterating  this  important  feature  in  the  stratigraphy  of  the  Kota- 
Maleris. 

2.  In  the  southern  or  Godavari  area  of  the  Kota-Maleris,  the  sandstones 
below  the  lowest  band  of  limestones  have  thickened  out  enormously ;  and  there  is 
no  known  outcrop  answering  well  to  the  Maleri  clays. 

1  See  Mr.  Hughes’  Rec.  Geol.  Survey  of  India,  Vol.  XI,  Part  1,  page  25,  line  34,  et  seq., 
W.  T.  Blanford,  Palaiontologia  Indica,  Ser.  IV — 2,  page  20,  line  32,  et  seq.  I  never  considered 
that  the  Kota  limestone  is  a  band  intercalated  in  the  Maleris,  though  I  did  agree  with  Hughes 
that  the  two  might  be  of  the  one  group.  Again,  in  the  Manual  of  the  Geology  of  India,  page 
xxiv,  line  9,  et  seq. 
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3.  The  lower  Gondwanas  of  Sironeha  town  are  succeeded  directly  by  a 
limestone  band  of  the  upper  division,  either  naturally,  but  abruptly,  or  less  prob¬ 
ably  by  a  faulted  boundary  ;  but  this  would  only  be  evidence  of  unconformity 
between  the  lower  and  upper  G-ondwanas  and  not,  as  I  have  hitherto  supposed, 
of  a  break  betw'een  the  two  members  of  the  Kota-Maleris. 

4.  The  Anaram  sandstones  with  Palissya  eonferta  and  Gldrolepis  mumteri, 
are  to  all  appearance  on  a  horizon  between  the  Kota  and  Metapali-Itial  limestone 
zones. 

One  more  point  of  evidence  beaa-ing  on  the  relations  of  the  limestone  member 
has  been  obtained  in  the  Angrezpali  patch,  -which  may  traverse  Mr.  Hughes’ 
surmise  that  the  red  clays  there  arc  on  a  higher  horizon  than  those  of  Maleri : 
for  I  have  found  limestones  of  the  Kota  type  lying  just  along  the  southeim  edge 
of  this  patch  of  clays,  on  the  right  bank  of  the  Godavari  to  the  east  of  Damara- 
kunta,  between  Malarim  and  Gondapali.  The  association  is,  as  usual,  not  at  all 
clear  owing  to  the  covering  alluvial  deposits  of  the  river ;  but  there  is  no  doubt 
of  the  limestone  being  there  associated  with  sandstones  overlying  the  red  clays. 

The  Maleei  Red  Clays. 

I  took  up  these  at  the  typical  exposure  on  the  Wardha  river  near  Porsa,  and 
so  can’ied  them  southwards,  without  continuity,  but  to  all  appearance  and  by 
associated  sandstones,  towards  the  Jangaon  valley,  whence  they  are  more  easily 
followed  into  the  proper  Maleri  field.  The  Porsa  red-clays,  however,  run  under, 
or  to  write  more  correctly,  run  close  up  to,  and  must  eventually  underlie,  sandstones 
belonging  to  the  belt  above  the  Kota  zone  of  limestones.  There  is  no  sign  of, 
nor  can  there  be  any  room  for,  the  sandstones  below  that  zone,  or  for  the  Itial 
band.  There  certainly  seems  to  be  at  this  end  of  the  field  evidence  of  a  cessa. 
tion  of  deposition  over  the  noi’thern  fi’ontier  of  the  red-clay  basin,  which  portion 
was,  however,  eventually  covered  ujs  by  the  later  belts  of  the  Kota  member  (the 
third  sandstone  belt,  that  of  Sarwai  and  Sarsal  ridges).  This,  of  course,  is 
virtually  only  an  overlap  of  these  sandstones,  not  necessarily  of  the  whole  lime¬ 
stone  sub-division ;  but  there  is  further  evidence  yet  to  come  of  the  possible 
overlap  of  the  w'hole  sub-division  at  the  Anaram  end  of  the  field. 

To  the  south  of  the  Jangaon  river,  the  red-clays  show  in  all  their  decided 
outspread ;  a  fair  series,  displayed  more  especially  about  Nambala,  Komreli, 
and  Achlapur,  of  south-eastward  dipping  red  clay  bands  with  intercalations  of 
thin  arenaceous  beds,  and  moi’e  particularly  many  bands  of  gi-ey  rubbly  calcare¬ 
ous  sandstones  with  indured  red,  chocolate,  and  greenish  lumps  of  clay.  The 
reptilian  remains  must  have  come  from  beds  in  the  Maleri  field,  and  not  fiom 
any  higher  bands  of  clay  in  the  upper  member,  the  drainage  being  all  to  eastward. 
The  eastern  edge  of  the  clay  basin  runs  from  a  little  south  of  Nangaon  past 
Gungapur,  Wodala,  Venkatapur,  Kasnapali,  and  Nakalapali  to  Isnai  tank,  some 
7  miles  west-north-west  of  Anaram.  Mr.  Hughes,  in  his  small  map,i  carries 
the  western  boundary  of  the  clays  rather  more  to  the  westward  than  I  would 
have  it,  but  there  is  certainly  a  section  between  Naneala  and  Rebni  showing 
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that  tlie  clays  lap  over  and  round  brown  sandstones  and  pebble  beds  (striking 
north- west  to  south-east)  of  unmistakable  Kamthi  type  with  ferruginous  warts 
and  fungoid  segregations.  Mr.  Hughes’  boundary  does  not  run  down  as  far  as 
Isnai,  but  my  having  caT’ried  it  so  far  is  an  important  point  as  fetching  the 
lower  Gondwana  boundary  down  more  to  the  westward  of  Anaram  with  a  less 
easy  curve  round  the  Kamthis  of  Linganapeta. 

Along  their  eastern  edge,  the  red  clays  suddenly  become  less  persistent,  and 
are  succeeded  by  variegated  sandstones  with  intercalated  clay  seams,  and  then 
by  a  thick  series  of  thick-bedded  sandstones  which  is  perhaps  most  clearly  deve¬ 
loped  in  the  fine  cliffs,  of  60  to  80  feet  high,  south  [of  Gungapur,  and  this  set 
of  beds  may  be  followed  toAvards  hTaogaon,  or  south-eastwards  past  Akalapali, 
Kesapnr,  Sai’dapui',  Bamena,  and  Kondampeta.  The  red  clays  undoubtedly  now 
cease  to  be  the  feature,  though  thinner  and  thinner  seams  show  as  these  Gunga¬ 
pur  sandstones  are  followed  up ;  but  at  the  top  of  them  and  immediately  under 
the  limestones  of  Itial  is  a  red  clay  band,  next  a  thin  band  of  limestone,  then 
red  clays  again,  and  then  the  thick  zone  of  limestones.  The  difficulty  is — 
considering  that  we  have  never  found  any  of  the  Maleri  reptilian  and  fish 
remains  in  situ — ^to  say  from  which  bed  these  Avere  derived.  The  calcareous, 
or  rubbly  calcareous  sandstone,  or  CA^en  coarse  AA’hite  grit,  usually  attached 
to  the  specimens,  would  imply  that  they  come  from  the  bands  of  these  rocks  in 
the  red  clays,  and  that  is  at  a  horizon  entirely  loAver  than  the  Gungapur  sand¬ 
stones  :  I  am  also  strongly  inclined  to  consider  that  this  is  really  the  case. 

From  Venkatapur  southwards,  the  Gungapur  sandstones,  or  Avhat  1  take 
to  be  the  representatives  of  them,  show  aboAm  the  middle  the  strong  calcareous 
grit,  simulating  limestone,  already  referred  to,  and  I  think  this  seam  may  be 
traced  doAvn  as  far  as  Kondampeta  at  least ;  indeed  it  appeared  to  me  that  it 
runs  down  even  as  far  south  as  the  parallel  of  Isnai.  West-south-west  of 
Venkatapur,  toAvards  Kaogaon,  &o.,  I  did  not  find  the  one  calcareous  band  of 
grits  so  clear ;  there  appeared  to  bo  more  than  one  band. 

The  Gungapur  sandstones  pass  along  by  Naogaon,  forming  one  group  M'ith 
the  thick  bedded  rocks  of  Aksapur,  and  I  think,  those  of  Chirakiint,  Belgaon, 
and  Balanpur,  from  all  of  AAffiich  Hughes  obtained  the  fossils  enumerated  in 
his  paper. 

Hughes  says  {1.  c.,  p.  28)  of  these  fossils  and  the  localities — 

“  In  the  neighbourhood  of  Idlara  there  are  the  unmistakable  red  clays  with 
lenticular  layers  of  greyish  green  granxilar  argillaceous  sandstones,  and  sand¬ 
stones  Avith  clay  galls,  of  the  Kota-Maleri  group.  Thence  to  the  south  as  far  as 
the  range  of  hills  capped  by  trap,  there  is  no  interruption  to  the  series  ;  and 
at  a  short  distance  up  the  north  face  of  the  range  and  about  a  mile  and  a  half 
of  Chirakunt,  soft,  pale  yellow,  fossiliferous  shales  occur  that  yielded  the  few 
species  of  ferns,  cycads,  and  conifers,  &c.”  “The  same  plant  (Pahssya  cmiferta) 
Avas  discoA''ered  in  1872  by  Mr.  Fedden  between  M6har  and  Balanpur,  west  of 
Jangaon,  in  sandstones  Avhich  I  have  included  as  Kota-Malcris.”  The  shales 
and  sandstones  near  Naogaon  (in  which  I  last  year  discovered  Falissya  jahalpur- 
ensis  and  Araucarites  kachensis")  are  also  components  of  the  group.  They  may 
be  higher  in  the  series  than  the  Mohar  Balanpur  beds,  their  plant  forms  sug- 
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gesting  this  surmise.  I  canuot  adduce  any  stratigraphical  evidence  that  hears 
ujjon  the  relationship  of  the  Naogaon  and  M6har-Balanj)ur  or  Chirakunt  beds, 
for  sections  are  of  the  most  bi'oken  and  uninstructive  character  throughout 
the  whole  of  the  valley  of  the  Jangaon  river. 

I  was  not  able  to  visit  the  Chirakunt  locality,  but  the  whole  stratigraphic 
features  seemed  to  me  to  indicate  that  there  might  bo  a  set  of  rocks,  over  the  red 
Clays,  corresponding  to  the  sandstones  of  Naogaon,  for  the  He  of  both  sand¬ 
stones  and  underlying  red  clays  is  very  low  or  nearly  flat  over  this  part  of  the 
valley,  and  the  fossils  were  obtained  from  a  spot  a  short  distance  up  the  side 
of  the  hill  range.  The  Mdhar  and  Balanpur  fossils  were  found  in  sandstones 
apparently  above  the  red  clays ;  and  I  have  not  the  smallest  doubt  but  that 
these  rocks  answer  to  those  of  Naogaon,  Aksapur,  &c.,  in  fact  they  belong  to  the 
Gungapur  sandstones,  that  is,  are  above  the  fossihferous  red  clays.  Hughes  is 
right  about  their  being  in  the  Kota-Maleri  group ;  but  it  is  highly  important  that 
their  horizon  in  this  group  should  be  known ;  and  there  is  this  fact  certainly, 
that  the  Naogaon  beds  at  any  rate  are  Gungapurs,  and  that  the  Gungapurs  are 
above  the  projjer  red  clays. 

Having  so  far  made  out  a  little  more  as  to  the  horizon  of  the  plant  beds  of 
the  Jangaon  valley,  it  would  be  a  most  important  gain  if  they  could  be  placed 
in  accord  with  the  Anaram  beds  to  the  south-east.  I  can,  I  think,  cany  the 
Gungapur  sandstone  zone  down  as  far  as  Kondampeta,  whence  certainly  it 
may  have  curved  round  to  the  east-south- east,  and  so  form  the  Anaram  strata 
too,  thus  lapping  over  the  red  clays  of  Isnai  on  to  the  Kamthis  of  Linganapeta. 
This  seems  a  not  untoward  lie  of  the  strata,  and  it  is  a  very  temjhing  position  to 
place  them  in,  as  it  would  give  a  sti’ong  point  in  favor  of  the  overlap  indicated 
in  the  Wardha  valley  ;  but  I  cannot  satisfy  myself  on  this  point.  The  several 
bands  of  sandstone  and  limestone  above  the  red  clays  aj)pcard  to  me  to  be  all 
running  south-east  right  at  the  Linganapeta  gimmd.  There  is,  however,  a  lower 
lie  and  a  strike  round  more  to  the  eastward  in  the  rocks  about  a  mile  and  a  half 
or  two  miles  north  of  the  latter  village,  and  the  red  clays  spread  out  rather  to 
the  south-east  of  Isnai,  so  that  there  may  really  be  a  trend  round  towards 
Ycdlabundun.  In  the  meantime,  I  prefer  to  think  that  the  limestone  member 
of  the  Kota-Maleris  does  not  thin  out  so  easily  near  Isnai,  and  that  the  Anaram 
beds’  position  is  between  the  Kota  and  Itial-Metapali  band  of  Hmestones. 

The  point  I  would  now  suggest  is,  that  we  have  here,  at  the  IsTiai  end  of  the 
Maloi'i  field,  tolerably  present  in  evidence  that  the  red  clays  arc  being  well 
overlapped  by  higher  and  higher  strata  of  the  limestone  member  between  Isnai 
and  Anaram. 

For  the  whole  field  of  Kota-Malcris,  the  various  points  gained  or  suggested 
may  bo  summarized  thus — 

The  sei'ies  appears  fairly  separable  into  two  groups,  the  Maleris  and  the 
Kotas,  which  have  already  been  referred  to  in  this  paper  as  the  Ecd-clay  and 
Limestone  members  The  Red-clay  or  Maleri  sub-gi-oup  is  overlai)ped  at  its 
northern  end,  between  the  Jangaon  and  Wardha  rivers,  by  an  upper  sandstone 
zone  of  the  limestone  or  Kota  sub-group ;  and  oven  before  the  doubtful  boundary 
between  the  sandstones  of  Sironcha  and  the  Kota  limestone  is  reached  to  the 
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southward  the  same  clays  are  again  overlapped  by  the  Anaram  strata  ;  while 
they  do  not  appear  to  be  represented  in  the  southern  or  Godavari  portion  of 
the  field. 

This  separation  by  overlap  accords  in  some  measure  with  what  is  known  of 
the  animal  remains  found  in  either. 

The  position  of  the  plant- remains  is  less  clear,  but  that  of  the  Naogaon  and 
Anaram,  and  j^oi’haps  of  the  Balanpur  fossils  is  above  the  I’ed-clays,  there 
being  ovcrlaj)  in  the  Anaram  case.  The  jjlant-shales  are  in  sandstones  which 
run  with  the  red  clays  up  the  Jangaon  valley,  but  this,  the  Gungapur  band  of 
arenaceous  strata,  docs  not  appear  to  be  represented  on  the  Wardha  rivei’,  the 
clays  there  being  overlaid  by  strata  to  all  appeai’ance  higher  than  the  Kota  zone 
of  limestone  ;  hence  we  may  infer  that  the  Gungapur  beds  arc  not  co-extonsive 
with  the  clay  series  at  the  northern  end,  while  they  overlap  it  at  the  other  cud 
of  the  field.  On  cither  view  of  the  horizon  of  the  Anaram  plant-shales,  either 
as  a  thiuned-out  end  of  the  Gungapur  beds,  or  as  of  the  arenaceous  zone  between 
the  Itial  and  Kota  limestones,  their  position  is  still  above  tlie  clays.  I  have 
endeavoured  to  explain  the  positions  of  the  Chirakunt  shales  as  being  also  above 
the  clays. 

The  great  difficulty  lies  in  saying  where  the  Maleris  are  to  bo  considered  as 
ending,  and  ivhere  the  Kotas  begin.  I  am  fairly  at  a  loss  in  the  proper  Malori 
field  itself,  for  there  are  no  known  sections  giving  the  relations  of  the  two  sub¬ 
divisions.  I  think  the  Kotas  must  be  considered  as  commencing  with  the  Gun¬ 
gapur  sandstones  even  though  there  be  so  many  thin  seams  of  red  clay  in  that 
set  of  rocks  as  well  as  up  into  the  limestone  zones.  The  Gungapur  beds  are 
tliick,  and  in  their  constitution  they  point,  on  the  whole,  to  a  kind  of  depo.sition 
totally  different  to  that  of  the  red  clay  series,  after  which  a  great  change  must 
have  taken  place  in  the  drainage  system  of  the  country  bordering  the  Maleri 
basin ;  while  the  .successive  overlapping  of  the  succeeding  deposits  on  the  clay.s 
at  the  northern  end  of  the  field  indicates  a  long  period  of  unrepresented  time 
during  which  the  change  in  animal  life  might  have  taken  place. 

I  would  then  only  modify  Mr.  Hughes’  latest  classification  of  the  upper 
Gondwanas  so  far  as  to  break  up  his  KotarMaleris  into  two  of  the  groups  pro¬ 
posed  in  my  original  provisional  list,  which  are  themselves  also  modified,  inas¬ 
much  as  the  Anaram  beds  are  now  ranged  in  the  Kota  group  instead  of  with 
the  Sironcha  sandstones. 


Chikiala  Sandstones. 

These  were  followed  out  to  their  bounds  in  this  area,  but  without  giving  any 
more  evidence  as  to  their  relations  with  the  Kotas.  However,  until  more  is 
known  of  them,  it  will  be  better  to  leave  my  old  correlation  of  them  with  the 
Tripati  sandstones  of  the  lower  Godavari  Upper  Gondwanas  as  a  very  open 
question.  In  some  respects  they  are  even  like  the  much  newer  and  tertiary 
Rajahmandri  sandstones  of  that  region.  My  arguments  as  to  the  age  of  the 
Balanpur  beds  will  show  that  1  do  not  think  they  are  at  all  recognizable  by 
position  as  Chikialas. 
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GboLOCIY  of  LaHaK  and  neighbouking  districts,  being  fourth  notice  op  geologt 

OF  KashmIu  and  neighbouring  territories,  ly  R.  Lydekker,  B.A.,  Geo¬ 
logical  Survey  of  India. 

(With  a  map). 

INTRODUCTION. 

The  portion  of  the  Himalaya  geologically  examined  by  myself  during  the 
past  Slimmer  comprises  the  country  on  and  adjoining  the  main  road  from 
Kashmir  to  Leh,  a  considerable  portion  of  Dras,  Zanskiir,  and  Ladak;  the 
regions  about  the  Pangong  Lake  and  Ohang-Chenmo,  and  a  part  of  Rnpsn  and 
Knlii. 

A  considerable  portion  of  this  area  has  been  already  traversed  by  the  late 
Dr.  Stoliezka,  and  the  serial  position  of  most  of  the  rock-groups  occurring 
therein  approximately  determined.'  Dr.  Stoliezka’s  survey  was,  however,  mainly 
confined  to  the  high-roads,  while  my  own  embraces  a  large  extent  of  the  sur¬ 
rounding  country.  I  am,  therefore,  able  to  present  a  fairly  complete  general  map 
of  the  greater  part  of  the  districts  in  question,  in  jilace  of  the  isolated  rock- 
groups  colored  in  by  Dr.  Stoliezka.  My  own  more  extended  observations  have 
also  led  to  certain  modifications  of  the  views  entertained  by  Dr.  Stoliezka  as  to 
the  relative  ages  of  some  of  the  rocks  in  these  regions,  but  on  the  main  I  agree 
with  the  conclusions  arrived  at  by  our  former  colleague.  I  may  also  add  that 
I  am  indebted  to  Dr.  Stoliezka’s  notes  for  some  of  the  boundaries  shown  on  the 
map. 

In  my  previous  papers  on  the  geology  of  the  Kashmir  Himalaya,-  I  have 
generally  treated  the  subject  in  the  manner  of  an  itinerary ;  describing  the 
different  rocks  as  they  occurred  on  my  various  routes.  This  method  of  treat¬ 
ment,  however,  would  not  be  suitable  to  the  present  area,  and  I,  therefore,  pro¬ 
pose  to  treat  of  each  group  of  I’ocks  by  itself. 

In  geologically  mapping  an  area  which  consists  in  the  main  of  exeeedingly 
lofty  mountains  and  elevated  valleys,  it  is  of  course  impossible  from  the  nature 
of  the  ground,  to  be  always  perfectly  accurate  in  tracing  continuously  the  bound¬ 
aries  of  the  various  rock-groups ;  not  unfrequently,  therefore,  in  my  map  when 
such  boundaries  are  far  removed  from  the  roads,  they  must  be  considered  merely 
as  more  or  loss  accurate  approximations  connecting  the  fixed  points  where  the 
boundaries  cross  or  approximate  to  the  practicable  roads,  or  accessible  regions. 

I  shall  divide  my  subject  into  four  main  headings,  viz.  (1),  the  older 
Palaeozoics  of  Dras  and  Ladak,  (2),  the  rocks  north  of  Chang-Chenmo,  (3),  the 
rocks  of  the  Zanskar  and  Ladak  basin,  and  (4),  the  rocks  of  Lahul  and  Kulu, 
while  in  a  fifth  section  I  shall  make  some  more  general  remarks  on  the  relations 
of  the  rocks  of  the  whole  area. 

I  once  again  have  to  deplore  the  absence  of  any  trace  of  fossils  in  the  older 
Palaeozoics  of  the  region  surveyed,  which  absence  precludes  any  minute  sub- 

>  Mem.  Geol.  Surv.  India,  Vol.  V,  pp.  132,  337.  Scieiitiac  results  of  Second  Yarkand  Mission  t 
Geology. 

^  Rec.  Geol.  Surv.  India,  Vols.  IX,  XI,  XII. 
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divisions  or  correlations  of  the  rock-groups,  and  which  also  renders  the  inter, 
pretations  of  their  age  open  to  a  certain  amount  of  doubt. 

In  mentioning  the  names  of  places  in  Ladak,  I  have  generally  made  use  of 
the  Tibetan  name  “La”  for  a  pass  and  “  Tso”  for  a  lake;  thus,  “  Kangi  La” 
for  “Kangi  Pass,”  and  “Tso  Moriri”  for  Moriri  Lake.  This  avoids  such 
barbarous  repetitions  as  Kangi  Ld  Pass  and  Tso  Moriri  Lake,  which  one  some¬ 
times  meets  with. 

With  regard  to  the  propriety  of  applying  the  names  of  the  European  rock 
series  to  the  rocks  of  the  Himalaya,  in  cases  where  no  fossil  evidence  is  available,  it 
appears  to  me  that,  since  we  have  in  the  Himalaya  some  of  the  rock-groujjs  clearly 
indicated  as  being  the  homotaxial  equivalents  of  European  rocks-groups,  it  is 
simpler  to  apply  provisionally  to  the  rocks  underlying  and  overlying  such  known 
horizons,  the  same  names  as  are  applied  to  the  similarly  placed  rocks  of  Europe. 
I  wish,  howevei’,  at  the  same  time,  as  I  have  observed  elsewhere,  to  impress  on 
the  reader  most  distinctly  that  I  do  not  for  one  moment  consider  that  any  of 
the  Himalayan  rocks  are  exactly  equivalent,  either  in  thickness  or  in  time  of 
deposition,  with  the  correlated  Europiean  rocks ;  but  that  I  merely  indicate 
that  the  rock  sequence  in  the  two  regions  generally  follows  the  same  order.  It 
would  be  equally  easy  for  me  to  invent  new  terms  for  each  and  every  Himalayan 
rock-group ;  but  it  appears  to  me  that  when  my  meaning  can  bo  equally  well 
conveyed  by  the  use  (in  a  wide  sense)  of  well-known  and  well  established  terms, 
that  it  is  far  preferable  to  employ  such  terms  than  to  add  to  the  list  of  new  and 
little-known  ones,  which  already  cumber  the  paths  of  science  to  such  an  appal¬ 
ling  extent. 

I. — Oldee  Pala:ozoics  of  Deas  and  Ladak. 

In  my  last  published  paper  on  Himalayan  Geology,^  I  have  stated  that  the 
jaspideous,  trappoid  and  slaty  rocks  occurring  in  the  neighbourhood  of  Dras, 
are  found,  if  traced  to  the  westward  into  the  valley  of  the  Kishenganga,  to 
underlie  the  limestones  of  the  Carbo-Triassic  series,  and  also  to  correspond  in 
mineralogical  composition  to  the  rocks  of  the  Pir  Panjal.  It  may,  thei’efore, 
be  assumed  that  both  the  Dras  and  Pir  Panial  rocks  are  of  prc-carboniferous 
age,  and  that  they  in  all  probability  roughly  aj)proximatc  to  the  Silurian.^ 

Taking  now  the  Dras  Silurian  I’ocks  as  our  starting  point,  and  proceeding  in 
a  north-easterly  direction  along  the  Ladak  road,  we  shall  find  that  these  same 

*  Etc.  Qeol.  Surv.  Iiidiii,  Vol.  XII,  p.  20. 

2  This  conclusion  will  bo  confirmed  in  the  sequel.  Dr.  Stoliezka  (Geology  of  2nd  Yarkand 
Mission,  p.  12)  compares  these  Drds  rocks  to  the  trappoid  rocks  of  Srinagar,  and  considers  them  as 
certainly  the  same;  from  page  16  of  the  same  work  wo  learn  that  Stoliezka  considered  the  Srinagar 
rocks,  like  similar  rocks  in  Chang-Chenmo,  as  Silurian.  In  a  former  paper  (.Mem.  Geol.  Surv., 
India,  Vol.  V,  p.  349),  he  considered  part  of  the  liras  rocks  as  Carboniferous. 

In  the  first  of  these  two  papers,  Stoliezka  appears  to  have  considered  that  the  slaty  rocks  of 
Dras  underlay  the  Trias  dolomites  of  the  Dras  river  and  Mataian,  while  in  his  last  notes  he 
appears  to  have  considered  (as  I  do)  the  junction  a  faulted  one  ;  this  would  account  for  the  two 
ages  assigned  to  the  Dras  slaty  rocks.  In  classing  them  all  as  Silurian,  Dr.  Stoliezka’s  last 
conclusions  agree  with  my  own.  In  these  last  notes  he  also  considers  the  Trias  nearest  the  Dras 
slates  as  the  newer  (Para),  whereas  in  the  first  paper  he  classed  it  as  the  older  (Lilang). 


28 


Records  of  the  Geological  Survey  of  India. 


[voL.  XIII. 


slates  and  other  rocks  are  continued  about  as  far  as  the  village  of  Dandal.  In 
this  distidct,  these  rocks  are  frequently  jaspideous  like  those  on  the  road  from  Dras 
to  Tilel  (Tilail)  described  in  my  above-quoted  paper,  and  they  often  acquire  a 
black  “  river-glazing,”  while  they  disintegrate  into  a  dark  and  heavy  iron-sand. 
Occasional  beds  of  the  true  slates  are  highly  ferruginous  and  weather  to  a 
rusty-red  color  :  there  also  sometimes  occur  thin  beds  of  a  coarse  conglomerate 
i-esembling  that  found  among  the  slates  of  the  Pir  Panjal,  the  occurrence  of 
which  confirms  the  identity  of  the  rocks  of  the  two  districts :  near  Dras  the 
rock  is  like  some  of  the  trappoid  rocks  of  Kashmir. 

Still  following  the  course  of  the  Dras  river,  we  find,  below  Dandal,  the  rocks 
gradually  assuming  a  hornblendic  character,  and  not  unfrequently  containing 
crystals  of  pure  hornblende  of  a  large  size.  Near  the  halting  place  of  Tashgiim, 
the  strata  are  throrvn  into  several  small  anticlinals,  the  lowest  exposed  beds 
consisting  of  a  dark-colored  syenitic  gneiss,'  while  the  higher  beds  consist  of  the 
Dras  slaty  rocks  :  from  the  latter  to  the  former,  there  is  a  complete  and  imper¬ 
ceptible  passage  through  the  above-mentioned  hornblendic  rocks,  so  that  I  come 
to  the  conclusion  that  the  lower  part  of  the  slate-series  has  here  been  altered 
into  gneiss. 

From  Tashgam  to  near  the  junction  of  the  Dras  with  the  Sliingo-Shigar 
river  we  have  alternations  of  small  gneiss  anticlinals  overlaid  by  slaty  rocks. 
Some  of  the  latter  closely  resemble  in  their  mineralogical  characters  the  massive 
bluish  rocks  of  the  Panjal  series,  which  occur  at  and  near  Shi'sha-Nag  in 
Kashmir,''  while  others  are  like  the  ferruginous  slate  rocks  of  Dras. 

Near  the  junction  of  the  two  rivers  mentioned  above,  we  come  upon  a  massive 
light-colored  .syenitic  gneiss  (syenitoidite)  which  seems  to  undeidie  conformably 
the  transition  rocks. 

Another  ridge  of  the  same  (generally  syenitic)  gneiss  occurs  immediately  to 
the  north  of  Dras,  apparently  underlying  the  slates  of  Dras  on  the  one  side,  and 
the  transitional  rocks  of  Tashgam  on  the  other.  I  have  not  traced  these  rocks  far 
to  the  north-west  of  the  Ladak  road,  but  I  have  already  mentioned'^  that  gneiss 
pebbles  occur  in  the  Burzil  river  on  the  Kashmir  and  Astor  road ;  and  General 
tlunningham'  also  states  that  the  table-land  of  Deosai  or  Deotsu  (to  the  north¬ 
west  of  my  map),  consists  principally  of  granite,  by  which  he  doubtless  means 
the  same  gneiss  :  there  is,  therefore,  every  probability  that  a  continuous  band  of 
these  crystallines  extends  to  the  north-west  of  Dras  and  Karg-il.  The  eastward 
extension  of  this  Deosai  and  Dras  gneiss  will  be  described  below. 

The  gneiss  anticlinals  near  Tashgam  are  probably  the  highest  bods  of  the  main 
gneiss  ridges,  and  are  frequently  dark  colored ;  but  as  the  main  mass  of  the 
rocks  between  the  two  ridges  of  gneiss  are  the  same  as  the  slates  of  Dras,  they 
have  been  colored  of  the  same  tint  in  the  map.  We  shall,  however,  subsequently 

’  The  whole  of  the  north-western  Himalayan  gneiss  which  I  have  seen,  whether  hornblendic  or 
micaceous,  is  granitic  in  structure,  and  never  distinctly  foliated.  The  hornblendic  variety  may  be 
termed  “  syenitoidite,”  and  the  micaceous  “  grauitoidite.” 

*  liec.  Geol.  Surv.  India,  Vol.  XI,  p.  't-I.. 

’  Rec.  Geol.  Surv  India,  Vol.  XII,  p.  2.t. 

’  "  Ladali,”  p.  57. 
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see  that  in  Ladak  portions  of  the  slato  series  are  sometimes  locally  altered  into 
a  dark-colored  gneiss  which  overlies  the  massive  lighter-colored  gneiss,  and  the 
same  may  not  improbably  be  the  case  with  the  Tashgam  rocks. 

To  the  eastward  of  Di-as,  the  slaty  rocks  may  be  traced  across  the  Sum  river 
as  far  as  a  line  running  nearly  from  north-west  to  south-east  through  Mulhet- 
riing  Station,  where  the  rocks  of  the  great  Triassic  series  appear  to  be  faulted 
against  them.  To  the  south  and  south-east  the  same  .slates  overlie  the  gneiss 
of  Sum  and  Riindum,  and  were  identified  by  Dr.  Stoliczka  as  undoubted 
Silurians.  If,  as  I  infer  from  Dr.  Stoliczka’s  notes,  the  gneiss  of  Sura  is  over¬ 
laid  conformably  by  the  slates,  the  foi’mer  may  probably  bo  the  same  as  the 
gneiss  of  Dras  and  the  Shingo-Shigar  river:  this  question  will  be  discussed 
more  fully  in  the  sequel.  The  Suru  Silurian  slates  have  been  traced  by  Dr. 
Stoliczka  in  a  band  I’unning  south-soixth-east  from  Riindum  to  the  south  of 
Zanskar,  and  are  there  continuous  with  those  of  North  Lahiil  and  Spiti,  which 
will  be  refeiTod  to  again  in  the  third  section  of  this  paper. 

Returning  to  the  main  axis  of  gneiss  to  the  north  of  Tashgam,  I  proceed  to 
trace  its  eastward  extension,  and  to  consider  its  relations  to  other  rocks  to  the 
east.  From  the  junction  of  the  Dras  with  the  Shingo-Shigar  river,  the  gneiss 
extends  to  the  south-east  as  far  as  Kargil  and  Chattu,  where  it  is  overlaid  by  the 
Tertiary  series.  From  Kargil  I  have  traced  the  gneiss  down  the  Sura  and  Dras 
rivers  as  far  as  the  Indus,  but  did  not  reach  its  northern  limit.  The  gneiss  in 
this  district  is  sometimes  fine-grained  and  dark-colox’ed,  and  at  other  times 
coarse-grained  and  light-colored.  At  Kargil  a  very  massive  light-colored  gneiss, 
without  any  trace  of  stratification,  underlies  the  darker  and  more  distinctly  stra¬ 
tified  upper  gneiss. 

From  Kargil  the  southern  boundary  of  the  crystalline  series  runs  in  a  gene¬ 
rally  south-easterly  direction.'  It  keeps  to  the  south  of  the  Indus  till  near  the 
village  of  Dorgu,  when  it  crosses  to  the  northern  bank.  To  the  eastward  of 
Dorgu  the  boundary  forms  a  sinuous  line  along  the  bed  of  the  Indus  for  some 
miles ;  it  then  runs  at  some  distance  to  the  north  of  the  river,  passing  close  to  the 
villages  of  Skining,  Pharka,  Himis,  and  Ling:  from  the  last-named  place  the 
boundary  bears  to  the  south-east,  till  it  again  joins  the  Indus  at  Pittak,  south  of 
Leh.  To  the  south-east  of  Pittak  the  southern  boundary  of  the  crystallines 
follows  approximately  the  course  of  the  Indus,  generally  running  somewhat  to  the 
north,  and  has  beeu  traced  as  far  as  a  point  due  south  of  the  Pangiir  Lake. 

It  now  remains  to  say  something  of  the  composition,  and  relations  to  other 
rocks,  of  the  Ladak  crystallines. 

To  the  south-east  of  Kargil  along  the  Indus  valley  the  gneiss  usually  consists 
of  the  light-colored  massive  variety,  and  has  generally  a  north-easterly  dip,  so 
that  the  older  beds  appear  along  the  valley  of  the  Indus  and  the  newer  towards 
the  top  of  the  Kailas  range. 

The  composition  of  the  rock  varies  considerably ;  in  most  cases,  indeed,  the 

'  The  range  on  the  right  bank  of  the  Indus  in  Laddk  has  been  termed  by  General  Cunning- 
h.im  (“Ladak,”  !>.  43)  the  “  Kailas  range,”  a  name  which  I  adojit  here :  in  the  “ Manual  of  tlie 
Geology  of  India”  this  range  is  called  the  “  Ladak  range.”  This  range  forms  a  dominant  branch 
of  the  range  north  of  the  Manasarowar  Lake. 
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rock  is  a  true  syenitic  gneiss,  consisting  of  quartz  felspar  and  hornblende.  This 
is,  however,  not  always  the  case,  since  I  have  ah’eady  shovm  ‘  that  the  gneiss  of 
Dras  has  a  true  gi-anitic  composition,  consisting  of  quartz,  felspar,  and  two  kinds 
of  mica.  Near  the  village  of  Himis,  to  the  west  of  Leh,  I  collected  the  following 
varieties  of  crystalline  rocks,®  via. — 

Gneiss.  Mica  in  small  flakes,  (Granitoidite.) 

Sjeuitio  gneiss  :  a.  Pink  ortlioclase.  (Syeuitoidite.) 

i.  White  do. 

Peguiatitio  gneiss.  (Pcgmatoidite.) 

Hornblende  roek  a.  Small  crystals  of  Hornblende, 
h.  Largo  ditto. 

The  hornblende  rock  usually  occurs  in  small  irregular  patches. 

At  Tankse,  40  miles  to  the  east  of  Leh,  the  greater  portion  of  the  gneiss  is 
porphyritio,  containing  numerous  crystals  of  white  orthoclaso;  near  Shushal, 
45  miles  to  the  south-east,  the  orthoclaso  is  pink  colored.  In  the  Chimray 
valley,  on  the  Leh  and  Tankse  road,  the  gneiss  is  traversed  in  all  directions  by 
veins  of  an  intrusive  rock,  agi-eeing  with  some  specimens  of  the  albite  granite  of 
Dr.  Stoliezka.  This  granite  is  very  light-colored,  and  consists  of  quartz,  albite 
felspar,  and  black  mica :  the  latter  occurs  in  larg’e  flakes,  and  not  unfrequontly 
forms  a  thin  coating  to  quartz  crystals  of  very  largo  size.  This  albite-granite 
intrusion  is  very  characteristic  of  the  central  gneiss.® 

With  regard  to  the  relations  of  the  Ladak  gneiss  to  other  rocks,  the  most 
clear  sections  are  displayed  near  Tankse  and  the  Pangong  lake,  and  I  accord- 
ingly  commence  with  those  districts.  At  Tankse  itself  we  find  the  crystalline 
rock  to  be  a  massive  white,  and  generally  porphyritic,  symnitic-gneiss,  the  higher 
beds  consisting  frequently  of  alternations  of  dark  and  light  bands.  To  the 
south-east  of  the  village  of  Ohilam,  near  Tankse,  this  porphyritio  gneiss  is 
distinctly  scon  to  he  overlaid  by  w  bite  and  greenish  quartzitic  sandstones,  black 
and  green  slates,  banded  jaspideo  us  rocks,  a  few  conglomerates,  and  the  peculiar 
massive  half-slaty  half-sandy  rock,  so  characteristic  of  the  Silurians  of  the  Dras 
river.  The  whole  of  the  slaty  series,  both  in  structure  and  in  position,  exactly 
resembles  the  slate  series  of  Dras,  and  there  seems  to  me  but  little  doubt  that 
they  are  one  and  the  same  series.  This  slate  series  forms  a  long  narrow  ellipse 
extending  from  near  Tayar,  in  a  south-easterly  direction,  to  a  point  south  of  the 
Pangiir  lake.  The  centre  of  this  ellipse  shows  hero  and  there  a  central  core  of 
white  non-porphyritic  gneiss  underlying  the  slates,  and  forming  the  highest 
peaks  of  the  range. 

In  the  Ohilam  valley  the  northern  boundary  of  this  ellipse  appears  to  be  a 
faulted  one,  as  on  the  north  side  of  that  valley  we  have  hills  of  gneiss  with  a 
northerly’’  dip,  while  to  the  south  there  are  dark  slates  underlaid  by  gneiss  (at 
the  base  of  valley)  with  a  southerly  dip ;  this  fault  is  apparently  continued  far 

*  Rco.  Geol.  Surv.  India,  Vol.  XII,  p.  19. 

’  In  bis  last  notes  (Geology  of  2n(l  Yarkand  E.vpedition,  p.  16),  Dr.  Stoliezka  mentions  the 
varied  composition  of  tlie  Ladak  gneiss,  wbicb  he  had  previously  described  as  syonitic. 

2  Stol. :  Mem.  Geol.  Surv.  India,  Vol.  V,  p.  13. 

Mc’Mabon ;  Ecc.  Geol.  Surv.  India,  Vol,  X,  p.  221, 
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to  tlio  south-east.  To  the  uorth-west  of  Tankse,  the  fault,  on  the  other  hand, 
seems  to  have  died  out,  and  the  slates  appear  to  rest  conformably  in  a  regular  syn¬ 
clinal  of  the  gneiss.  Taking  a  transverse  section  to  the  south-west  from  Tankse 
vidiVo  Kai  Ld,  we  find  to  the  east  of  Kiii  Tso  the  slate  series  with  a  north-easterly 
dip,  underlaid  conformably  by  the  white  non-porfihyritic  gneiss  of  the  Indus 
valley.  This  gneiss,  especially  in  its  higher  beds,  contains  not  unfrequently  bands 
of  a  darker  color,  as  we  found  to  be  the  case  at  Tankse. 

Some  of  the  slates,  in  the  middle  of  the  series,  between  Tankse  and  the  Kai 
La  have  been  locally  altered  into  a  fine-grained,  dark-colored,  and  generally 
imperfectly  crystallized  gneiss,  quite  distinct  in  character  from  the  underlying 
white  gneiss.  Further  to  the  north-west  on  the  road  between  Tankse  and 
the  Chang  Ld,  the  upper  dark  gneiss,  altered  out  of  the  slates,  is  seen 
resting  on  and  passing  down  into  the  white  gneiss  of  Tankse.  This  section, 
therefore,  establishes  the  important  fact  that  there  exists  in  Laddk  gneiss  of 
two  distinct  ages. ..one  altered  out  of  Silurian  slates,  and  another  underlying 
such  slates,  but  apparently  also,  at  all  events  partly,  altered  out  of  an  older  con¬ 
formable  series.  This  fact  may  lead,  as  mentioned,  to  the  inference  that  the 
darker  colored  and  higher  gneiss  of  Kargil,  already  referred  to,  may  really 
very  possibly  bo  the  altered  Silurians,  though,  as  before  said,  the  question 
cannot  at  present  be  definitely  settled. 

As  already  stated,  the  white  gneiss  of  the  Indus  valley  dips  generally  to  the 
north-east,  and  the  higher  beds  consequently  form  the  summit  of  the  Kailas 
range.  Along  the  greater  part  of  the  Indus  valley  in  Ladak  the  white  gneiss 
continues  to  the  crest  of  the  range,  but  near  Leh  itself,  below  the  Khardong  La ' 
and  Laswan  Ld,  wo  find  the  white  syenitic  gneiss  [overlaid  by  alternating  bands 
of  dark  and  light-colored  gneiss  like  the  higher  gneiss  of  Tankse  and  the  Kai 
Ld.  This  striped  gneiss  is  again  succeeded  by  an  imperfectly  crystalline,  dark- 
colored,  and  fine-grained  gneiss,  alternating  with  partially  altered  slaty  rocks, 
and  occasional  unaltered  slates.  These  rocks  appear  to  occujiy  a  sj-nclinal  ellip.so 
in  the  white  gneiss,  the  boundaries  of  which  are  approximately  indicated  on  the 
map.  From  the  nature  and  position  of  these  rocks,  I  have  little  doubt  but  that 
they  are  the  altered  equivalents  of  the  slates  to  the  south  of  Tankse,  and  they 
have  been  colored  accordingly  in  the  map  ;  this  is,  however,  only  a  conjectural 
coiTclation. 

To  the  northward  of  Leh,  the  crystalline  series  has  been  traced  by  Dr.  Bellow 
along  the  Shahidula  and  Yarkand  road  as  far  as  Sa-Sango  where  it  appears  to 
bo  succeeded  by  Silurian  slates. 

Returning  once  again  to  the  Tdnkso  district,  wo  find  that  the  range  to  the 
south-east  of  Tankse,  running  parallel  to  the  north-western  half  of  the  Pan¬ 
gong  lake,  consists  of  the  porphyritic  gneiss  of  Tankse.  This  gneiss  I 
have  traced  some  distance  to  the  south-east  of  Shushdl,  where  it  is  overlaid  by 
Silurian  slates,  connecting  those  to  the  south  of  Tankse  with  those  of  the  Pan¬ 
gong  lake,  which  will  be  referred  to  immediately.  On  the  northern  flank  of  the 

'  This  pnss  is  callctl  on  the  Topographical  Survey  maps  the  Laou'chi  Ld,  though  it  is  always 
spoken  of  by  the  natives  as  the  Khdrdong  L&, 
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Tankse  range,  to  tlie  nortli-east  of  Tankse,  we  have  a  regular  ascending  series 
of  gneissic  rocks  .  The  higher  beds  become  gradually  interstratified  with  unalter¬ 
ed  slates  and  sandstones,  with  some  banded  jaspideous  rocks ;  till  finally  all 
gneiss  disappears,  and  the  series  consists  solely  of  slaty  and  sandstone  rocks, 
corrcsjionding  exactly  in  mineralogical  character  with  the  slaty  series  to  the 
south  of  Tankse.  The  transition  from  the  crystalline  to  the  slate  series  is,  how¬ 
ever,  hero  so  very  gradual  that  only  an  arbitrary  boundary  can  bo  drawn,  but 
the  higher  gneissic  rocks  are  probably  altered  Silurians. 

The  slaty  series  I  have  traced  to  the  north-west  to  the  Shyok  river,  and  to 
the  south-east,  along  the  whole  length  of  the  Pangong  and  Pangiir  lakes :  its 
north-eastern  boundary  I  shall  refer  to  subsequently.  Near  Bapi  Station  to  the 
south-east  of  the  Pangiir  lake,  the  slates  are  underlaid  by  a  core  of  granitoid 
gneiss.  We  have  already  seen  that  to  the  north-east  of  Tankse  there  is  a 
regular  sequence  from  the  crystalline  to  the  slate  series  ;  along  the  south-western 
shore  of  the  Pangong  lake,  on  the  other  hand,  the  junction  between  the  two 
series  seems  to  be  a  faulted  one,  the  black  slates  and  gi’een  shales  and  sand¬ 
stones  which  form  a  narrow  band  along  this  shore  of  the  lake  dippiing  towards 
the  gneiss.  S  till  further  to  the  south-east  the  junction  again  apipears  to  be  a 
normal  one.  In  the  mineralogical  composition  of  the  rocks  surrounding  the 
Pangong  lake,  there  is  very  groat  variety,  but  with  one  exception  they  consist 
mainly  of  colored  slates,  shales  and  sandstones.  I  have  already  mentioned  the 
composition  of  these  rocks  on  the  south-western  shore  of  the  lake,  and  need  not, 
therefore,  refer  to  them  again.  On  the  ojiposite  shore,  in  addition  to  the  rocks 
of  the  south-western  shore,  thei’e  also  occur  banded  jaspideous  rocks,  together 
with  the  slaty-sandy  rock  of  the  Dras  river,  and  true  slates  which  weather  to  a 
rusty  red  color  like  those  in  the  neighbourhood  of  Dras,  already  noticed.  The 
minoi'alogical  composition  of  these  Pangong  rocks  affords  by  itself  alone  abund¬ 
antly  sufficient  evidence  to  show  that  they  are  the  equivalents  of  the  slate  series 
of  Dras  and  of  the  country  to  the  south  of  Tankse. 

At  the  north-western  extremity  of  the  Pangong  lake,  where  the  original  rela¬ 
tions  of  the  rocks  have  been  greatly  disturbed  by  faulting  and  inversion,  there 
occurs  a  great  local  development  of  a  glistening  white  saccharoid  quartzitic  sand, 
stone  or  quartzite,  which  superiorly  gradually  becomes  calcareous,  and  passes 
by  imperceptible  degrees  into  a  piale  blue  limestone.  This  rock  overlies  the  slate 
series  of  the  Pangong  lake,  and  is  apparently  faulted  against  the  ridge  of  gneiss 
to  the  south.  This  very  characteristic  saccharoid  sandstone  and  limestone  is 
precisely  similar  in  mineralogical  composition  to  the  rocks  underlying  the 
Triassic  series  in  South  Eupsu,  which  we  shall  subsequently  show  to  be  probably 
of  Carboniferous  age.  This  identification  confirms  our  conclusion  as  to  the  Silu¬ 
rian  age  of  the  slaty  rocks  of  Pangong  and  Dras,  the  former  of  which  underlie 
the  sandstone  and  limestone. 

Some  miles  to  the  south-east  of  the  village  of  Sbushal,  at  the  Saki  La,  and 
elsewhere  in  the  neighbourhood,  there  occur  other  outlying  masses  of  blue 
limestones  and  wliite  sandstones,  which  seem  undoubtedly  to  be  the  same  as 
those  at  the  north-western  end  of  the  Pangong  lake. 
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The  Pangong  slates  He  to  the  noi’th  against  a  ridge  of  gneiss  -which  runs  in 
the  normal  Himalayan  strike,  on  the  line  of  the  Marsemik  pass.  To  the  south¬ 
east  of  the  Tatar  camp  at  Chagra,  the  slates  appear  to  be  faulted  against  the  gneiss, 
hut  to  the  north-west  of  a  spur  of  gneiss  running  to-wards  the  south  from  Chagra, 
the  slates  conformably  overlie  the  gneiss.  The  highest  beds  of  the  gneiss  consist 
of  alternations  of  light  and  dark  bands,  some  of  the  latter  being  garnetiferous, 
like  similarly  situated  gneiss  in  Pangi.  i  The  gneiss  of  the  Masomik  La  itself 
is  usually  porphyritic  like  that  of  Tankse  ;  to  the  noi’th-west  it  is  continued  to  the 
valley  of  the  Shyok,  and  to  the  south-east  I  have  traced  it  some  distance  over 
the  border  into  Chinese  Tibet.  This  ridge  of  gneiss  appears  to  form  an  anti¬ 
clinal  axis,  since  on  the  north  side  of  the  Masemik  La  it  has  a  north-easterly 
dip,  and  is  overlaid  conformably  by  slates,  sandstones,  jaspideous  rocks,  and  the 
before-mentioned  massive,  slaty-sandy,  or  trappoid  rock,  so  characteristic  of  the 
Dras  Silurians.  Many  of  the  higher  beds  of  the  crystalline  series  consist  of  a 
dark-colored  hornblendic  rock  -with  bronzite,  similar  to  a  rock  -which  occurs  in 
the  same  position  in  the  Tankse  valley  section.  These  massive  trappoid  rocks 
were  ajjparently  considered  by  Dr.  Stoliezka®  to  show  some  signs  of  an  igneous 
origin,  and  also  to  show  some  resemblance  to  the  Silurian  series  of  Srinagar ; 
my  o-wn  opinion  is,  that  none  of  these  rocks  ai’e  of  igneous  origin,  though  they  do, 
undoubtedly,  very  closely  resemble  some  of  the  trappoid  rocks  of  the  Kashmir 
Silurian  series,  some  of  which  have  probably  been  brought  to  their  present 
condition  by  metamorphic  action.^  From  the  summit  of  the  Masemik  La  to 
the  bed  of  the  Chang-Chenmo  river,  we  have  a  generally  ascending  section 
through  these  same  slaty  rocks ;  a  short  distance  on  the  north  side  of  the  pass, 
some  of  these  rocks  have  been  locally  altered  into  a  dark-colored  gneiss,  similar  in 
character  to  that  which  I  have  already  referred  to,  as  occupying  a  corresponding 
position  in  the  Tankse  valley.  On  the  Chang-Chenmo  river,  the  slate  series 
seems  to  bo  faulted  against  massive  Triassic  limestones,  which  I  shall  notice 
again  in  the  succeeding  section  of  this  paper. 

Dr.  StoHczka’  seems  to  have  considered  that  the  gneissic  rocks  of  the  Mase¬ 
mik  La  were  an  altered  portion  of  the  slate  series  of  the  Chang-Chenmo  valley, 
and  that  consequently  both  were  of  Silurian  age.  There  appears  to  me,  however, 
to  be  a  clear  case  of  the  superposition  of  the  latter  on  the  former,  as  in  the 
other  sections  of  similar  rocks  already  described. 

The  rooks  to  the  south  of  the  Chang-Chenmo  valley,  as  I  have  said,  were 
referred  by  Dr.  Stoliczka”  to  the  Silurian.  Dr.  Stoliezka  also  compares  these 
rocks  to  the  trappoid  rocks  of  Srinagar,  whence  we  may  conclude  that  he  also 
considered  them  to  be  Silurian.  Both  these  rocks  arc,  however,  similar  in  char¬ 
acter  to  those  to  the  south  of  Dras,  which  Stoliezka®  at  first  classed  as  Carboni¬ 
ferous,  but  which  appear  to  me  to  be  Silurian. 

*  Rec.  Gool.  Surv.  of  India,  Vol.  XI,  p.  54. 

®  Manual  of  Geology  of  India,  p.  653. 

3  See  Rec.  Geol.  Surv.  of  India,  Vol.  XI  p.  36,  et  seq. 

*  Geology  of  Second  Ifarkand  Mission,  p.  16. 

*  Ibii,  p.  16. 

Mom.  of  the  Geol.  Surv,  of  India,  Vol.  V,  p.  313. 
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This  completes  the  description  of  the  older  palaeozoic  rocks  of  the  Dras  district, 
and  of  the  northern  bank  of  the  upper  Indus,  as  far  as  I  am  at  present  acquainted 
with  them.  A  further  discussion  as  to  their  precise  geological  age,  and  as  to 
their  relations  with  the  palaeozoics  of  other  regions  of  the  Himalaya,  will  find  a 
more  suitable  place  in  the  concluding  section  of  this  paper. 

II. — Kocks  north  op  Chang-Chenmo  Rivee. 

In  the  previpus  section  of  this  paper,  I  have  traced  the  Dras  slaty  series  as 
far  as  the  left  bank  of  the  Chang-Chenmo  riyer,  where  it  is  separated,  by  what 
seems  undoubtedly  to  be  a  faulted  line,  fi’om  a  totally  distinct  series  of  rocks 
which  forms  the  low  clifis  on  the  opposite  bank  ;  the  two  series  of  rocks  occur 
on  a  broken  anticlinal  axis. 

The  rocks  on  the  right  bank  of  the  river  are  to  a  great  extent  composed  of 
the  characteristic  white  Triassic  dolomitic  limestone  so  frequently  referred  to  in 
my  former  jiapers  :  a  short  distance  north  of  the  river,  these  rocks  are  traversed 
by  a  synclinal  axis.  The  higher  beds  exposed  in  this  synclinal  are  hard  and 
crystalline,  while  the  lower  beds  consist  mainly  of  a  soft  white  dolomite  like  that 
of  Amrnath  cave  in  the  Lidar  valley  of  Kashmir ;  some  soft  reddish  shales  and 
a  brecciated  rod  conglomerate  occur  locally  in  the  lower  beds.  Megalodon  is  of 
common  occurrence  in  these  limestones,  and  Dr.  Stoliczka  also  obtained  from 
them  Dicerocardimn  there  can,  therefore,  be  no  doubt  as  to  their  age. 

To  the  northward  these  Triassic  dolomites  are  underlaid  by  carbonaceous 
shales,  not  unfrequently  containing  crinoids  and,  according  to  Dr.  Stoliczka- 
fucoids,  and  then  again  by  dark  slaty  shales,  sandstones,  and  occasional  lime, 
stones,  forming  a  somewhat  folded  series.  Still  further  north,  these  rocks  are 
underlaid  by  an  anticlinal  of  i-ocks  which  seem  to  be  the  Silurian  Dras  series, 
which,  according  to  Dr.  Stoliczka,  are  again  succeeded  further  north  by  Carboni¬ 
ferous  and  Triassic  rocks,  the  latter  probably  forming  the  greater  jiart  of  the 
dreary  plains  of  Depsang,  to  the  north  of  my  map. 

From  the  relations  of  the  crinoidal  shale  and  sandstone  series  to  the  Trias 
dolomite,  I  consider  that  the  former  rocks  must  undoubtedly  be  considered  as  of 
Carboniferous  age — an  opinion  also  hold  by  Dr.  Stoliczka  who  noticed  their 
resemblance  to  the  rocks  belonging  to  that  period  in  Spiti. 

In  the  Chang-Chenmo  valley  the  notes  of  Dr.  Stoliczka-  make  mention  of 
some  sandstones  and  conglomerates  which  he  doubtfully  considers  as  the  repre¬ 
sentative  of  the  Ladak  Eocenes.  These  rocks  are  also  much  mixed  with  .shales, 
and  when  I  first  entered  the  Chang-Chenmo  valley,  I  was  at  once  struck  with 
their  resemblance  to  the  Tortiaries ;  the  sections  are  a  good  deal  obscured  by  debris, 
but  I  found  a  portion  of  a  conglomerate,  which  is  strikingly  like  the  Tertiary 
conglomerate  of  Miru  (described  briow),  distinctly  underlying  the  Trias  dolomite; 
and  I  think  that  these  doubtful  rocks  belong  to  the  Carboniferous  seiies,  the 
strong  resemblance  of  which  to  the  Tertiaries  elsewhere  will  be  noticed  in  the 
sequel.  There  are  certainly  no  Eocene  rocks  on  the  Pangong  lake,  such  as  are 

'  Geology  of  Second  Yarkand  Expedition,  p,  17. 

=  Ibid.,  pp.  17-18. 
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referred  to  (probably  by  some  clerical  error)  in  the  above-quoted  passage  from 
Dr.  Stoliczka’s  notes. 

III. — Rocks  of  the  LadAk  and  ZAnsk^r  basin. 

I  now  come  to  the  consideration  of  a  series  of  rocks  mostly  newer  than  those 
of  which  I  have  already  treated,  which  occupy  a  large  elliptical  area  bounded 
to  the  north  by  the  crystalline  series  described  in  the  last  section,  and  to  the  west 
and  south  by  the  Silurians  which  rest  on  the  gneiss  of  the  Ziinskar  range,  already 
described  in  a  previous  paper.'  The  area  occupied  by  thc.se  rocks  comprehends 
a  considerable  portion  of  Ladak  and  nearly  the  whole  of  Zanskar,  together  with 
parts  of  Rupsu  and  other  districts.  As  Ladak  and  Zanskar  foi-m  the  greater 
part  of  this  area,  it  may  be  well  termed  the  “  Ladak  and  Zfinskar  basin.  The 
whole  of  this  large  area  has  not  at  present  been  completely  surveyed,  owing  to  the 
very  difficult  nature  of  the  country,  but  sufficient  is  known  to  indicate  the  general 
distribution  of  the  rocks.  I  have  said  that  the  greater  portion  of  the  rocks  in 
this  area  are  newer  than  those  previouly  treated  of ;  but  from  the  south-eastern 
extremity  of  the  basin  a  ridge  of  older  rocks  runs  up,  separating  this  end  of  the 
basin  into  two  divisions.  I  shall  treat  of  the  rocks  of  this  area  in  their  serial 
order,  commencing  with  the  Tertiaries.  It  may  be  observed  that  the  long  axis 
of  this  basin  or  ellipse  has  the  normal  Himalayan  north-westerly  and  south¬ 
easterly  strike. 

The  Tertiaries. 

The  Tertiary  series  forms  the  north-eastern  band  of  the  area  under  considera¬ 
tion  and,  rests  immediately  on  the  Ladak  crystallines.  Coming  from  the  west, 
these  Tertiary  rocks  are  first  met  with  dose  to  the  town  of  Kargil,  where  they 
rest  unconformably  upon  a  denuded  surface  of  the  syenitic  gneiss,  and  have  a 
low  and  regular  dip  to  the  south-east.  Masses  of  the  gneiss  may  here  and  there 
be  observed  within  the  Tertiary  area,  protruding  through  the  newer  rocks.  The 
lower  beds  of  the  Tertiaries  near  Kargil  consist  of  soft  grey  and  brown  sand¬ 
stones,  shales,  slates,  and  limestones,  with  here  and  there  bands  of  conglomerate. 
Near  the  village  of  Rashkam  the  dip  of  the  rocks  ha.s  increased,  being  about  40  , 
and  the  higher  beds,  which  are  here  well  exhibited,  consist  of  bright  purple  and 
green  shales  and  sandstones,  with  occasional  bands  of  a  yellowish  sandy  lime¬ 
stone. 

The  northern  boundai'y  of  the  Tertiary  zone  is  continuous  with  the  southern 
boundary  of  the  Laddk  crystallines,  and  need  not  be  exactly  traced,  and  I, 
therefore,  at  once  proceed  to  describe  certain  sections  of  the  Tertiaries  which 
will  best  exhibit  the  general  characters  of  these  rooks. 

It  may,  first  of  all,  be  observed  as  a  very  important  point,  that  along  the 
whole  of  the  northern  boundary  of  these  rocks,  from  Kai’gil  to  south  of  the 
Pangtir  lake,  (a  distance  of  nearly  200  miles),  the  dip  of  these  rocks  is  to  the 
south-west,  and  that  to  the  westu'ard  of  Lch  the  same  dip  continues  (with  an  occa¬ 
sional  exception)  throughout  the  entire  width  of  the  series.  For  some  distance  to 
the  west  of  Leh  this  dip  seldom  exceeds  30°  or  40",  and  is  of  great  regularity, 
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and  free  from  contortions.  To  tlie  east  of  Leh  these  rocks,  except  along  the 
northern  horder,  have  undergone  a  greater  amount  of  disturbance. 

The  sections  which  exhibit  most  clearly  the  relations  of  the  Tertiaries  and 
the  gTieiss  are  found  below  the  point  whore  the  Kashmir  and  Ladak  road  enters 
the  valley  of  the  Indus  at  Khalchi.  Near  the  village  of  Inamdoh  the  lower 
Tertiaries,  here  consisting  chiefly  of  slates  and  sandstones,  are  seen  resting 
unconformably  upon  a  denuded  escarpment  of  the  gneiss.  The  surface  of  the 
cscai’pment  has  an  average  slope  of  about  25°  to  the  south-west,  this  slope  being 
irregular  and  bearing  numerous  hillocks  and  hollows  :  the  dip  of  the  gneiss  is 
to  the  north-east. 

The  Tertiaries  rest  upon  this  sloping  and  denuded  surface  with  a  dip  slightly 
lower  than  the  plane  of  the  slope.  The  lowest  beds  of  the  Tertiaries,  which 
occur  at  the  base  of  the  slope,  are  cut  off  higher  up  by  the  projecting  hillocks 
of  gneiss,  while  the  higher  beds  extend  considerably  further  ujd  the  slope,  thus 
showing  a  clear  case  of  overlap.  Numerous  analogous  sections  may  be  seen 
in  the  neighbourhood,  but  the  one  quoted  affords  ample  evidence  to  prove  that 
the  junction  between  the  twm  series  of  rocks  is  a  natural  one,  and  that  the  Kailas 
crystalline  range  formed  the  old  shore  line  of  the  gulf  in  which  the  Tertiaries 
were  deposited. 

I  have  said  that  at  Inamdoh  the  lower  Tertiaries  consist  of  slates  and 
sandstones  ;  this  composition  is,  however,  not  constant  in  the  neighbourhood, 
since  we  not  unfrequently  find  the  lower  slates  replaced  by  coarse  conglomerates 
containing  rolled  pebbles  of  the  crystalline  and  other  rocks.  This  conglomerate 
is  of  great  thickness  on  the  Khalchi  and  Dhumkar  (Dhumkur)  streams,  and  it 
seems,  from  here  to  Leh,  to  occur  on  all  the  tributary  streams  descending  from 
the  Kailas  range  of  crystallines  to  the  Indus,  and  not  in  the  intervals  between  such 
streams.  If  I  am  right  in  this  interpretation,  and  I  think  I  am,  we  must  conclude 
that  the  di’ainage  system  of  the  southern  side  of  the  gneiss  range  followed  the 
same  approximate  lines  during  the  deposition  of  the  Tertiary  rocks,  as  it  does 
at  the  present  time. 

A  transverse  section  from  north  to  south  of  the  Tertiaries  at  Khalchi  may 
be  taken  as  a  tjqjical  example  of  the  series  in  this  district.  The  lower  beds, 
as  we  have  already  seen,  arc  comjDosed  either  of  conglomerates,  grits,  sandstones, 
or  slates,  according  to  their  relative  position  to  the  streams.  The  sandstones 
not  unfrequently  show  ripple-mark,  and  the  slates  are  generally  gToy  in  color, 
very  hard,  and  almost  indistinguishable  in  hand  specimens  from  the  palseozoie 
slates  which  occur  to  the  south  of  the  Tertiaries.  The  succeeding  zone  of  beds 
consists  of  orange  and  brown  calcareous  sandstones,  with  occasional  shales.  These 
are  followed  by  juu’ple  and  green  shales  which  are  almost  indistinguishable 
from  some  of  the  Subathu  rocks,  and  -which  are  well  represented  on  the 
Indus  at  Khalchi  and  Basgo.  Betwnen  the  villaaes  of  Kalchi  and  Nolra,  in 
the  Indxrs  valley,  a  thick  band  of  coarse,  blue,  shelly  limestone  overlies  the 
colored  shales.  This  lime.stono  may  also  be  seen  on  the  Kashmir  and  Ladak 
road  at  the  junction  of  the  Lama-Turu  stre.am  with  the  Indus,  and  again  on  the 
Zanskar  river  to  the  south  of  Nhuo,  so  that  it  doubtless  forms  a  continuous 
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band.  In  this  limestone  near  Khalclii '  I  found  a  species  of  Turbo,  and  numbers 
of  little  disks  which  I  believe  to  be  Nnmmulites,  though  their  structure  is 
obliterated.  On  the  Zanskar  river,  on  the  other  hand,  nummulites  are  extremely 
abundant  in  this  limestone,  and  water-worn  pebbles  exhibiting  sections  of  those 
fossils  show  the  banks  of  the  Indus  at  Nimo.“  The  nummulite,  which  is  charac¬ 
teristic  of  this  limestone,  is,  Jlr.  Blanford  informs  me,  N.  rayiiioiuli,  an  Eocene 
species,  which  fixes  the  age  of  these  rocks  :  this  species  with  N.  exjoonens  were 
obtained  from  these  rocks  by  Dr.  Stoliezka. 

In  the  Indus  valley  betAveen  Khalchi  and  Nimo  the  nummulitic  limestone  is 
overlaid  by  several  feet  of  a  coarse  conglomerate,  containing  pebbles  of  the 
underlying  limestone  :  this  conglomerate  is  apparently  conformable  to  the  lime¬ 
stone,  and  is  succeeded  by  shales  and  slates.  The  Tei’tiary  sedimentary  series 
near  Khalchi  may  be  tabulated  as  follows  : — 


f  Shales  and  slates. 

UPPEE  ...3  Limestone  conglomerate. 

V.  Nummulitic  limestone. 

Middle  ^  and  green  shales  and  sandstones. 

*  Orange  and  hrown  calcareous  sandstones  and  shales. 

Lowee  ...  Grey  and  brown  slates,  sandstones,  grits,  or  conglomerates;  the  sandstones 
often  ripplc-markcd. 


Such  is  the  noimal  section  of  the  Eocenes  at  and  below  Khalchi :  above  the 
latter  place,  on  the  other  hand,  a  A'ery  different  condition  prevails  in  the  lower 
beds.  On  the  Saspul  stream  the  boundarj'  between  the  Eocenes  and  the  Palaio- 
zoics  runs  close  to  the  upj)er  Kashmir  and  Ladak  road.  The  lower  Eocenes, 
which  are  inclined  to  the  south-west  at  an  angle  of  about  25°,  consist  of  very 
soft  brown  and  yellow  sandstones,  very  frequently  showing  cross-bedding.  In 
these  sand.stones  are  embedded  A'ast  quantities  of  blocks  of  the  gneiss  of  the 
Kailas  range,  many  of  them  several  feet  in  diameter.  Some  of  the  isolated 
blocks  shoAved  the  sandstone  strata  bending  doAvn  beloAV  them,  as  if  they  had 
been  dropped  from  aboA’c  on  to  the  still  soft  sand  :  tAvo  blocks  were  polished  in 
a  manner  suggesting  ice-action.  The  soft  sandstone,  with  its  boulders,  lies 
unconformably  on  the  gneiss,  corresponding  in  position  to  the  loAver  slates  and 
conglomerates  of  the  Khalchi  section  :  it  is  overlaid  by  harder  green  shales  and 
the  middle  Eocenes.  Near  the  village  of  Ling  the  lowest  strata  consist  of  soft 
colored  gypseous  shales  with  occasional  bands  of  a  compact  buff  limestone ;  this 
limestone  contains  numerous  specimens  of  a  large  species  of  JEstlieria ;  these 
strata  are  again  overlaid  by  the  purple  Subathu-like  rocks.  At  Kimo  again, 
there  occur  soft  sandstone  strata  with  embedded  gneiss  blocks,  which  are  very 


*  It  is  mentioned  by  Mr.  Davidson,  in  describing  some  fossils  collected  in  Ladak  by  Col. 
(then  Capt.)  Godwin  Austen,  (Q.  J.  G.  S.  L.,  Vol.  XXII,  p.  38)  that  Hippurites  wore  seen 
in  a  rock  at  a  jjlace  called  Kalatys  on  the  Upper  Indus ;  I  think  that  Kalatys  must  be  the 
same  place  as  Khalchi,  Avhich  is  also  called  Kalatse.  I  should,  however,  be  very  much  in¬ 
clined  to  doubt  the  occurrence  of  Jlippnriles  either  at  this  pilaoe  or  anywhere  else  along 
the  Upper  Indus,  the  course  of  which  lies  in  or  near  the  Tertiarics. 

^  I  spell  this  name  and  numerous  others  without  the  initial  S,  rvhich  seems  generally  to  be 
omitted  in  pronunciation.  Similarly,  Nolra  for  S’Nolra,  Kio  for  S’Kio,  Tok  for  S’Tok,  Pro. 
perly  also  Piti  for  S’Piti,  but  the  spelling  Spiti  has  acquired  a  general  acceptance. 
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slightly  inclined,  but  which  from  their  structure  seem  to  correspond  with  the 
lower  Eocenes  of  the  Sasp)dl  stream ;  their  relations  to  the  higher  Eocenes  are 
not,  however,  well  displayed,  and  to  the  south-east  they  are  concealed  by  a 
modern  boulder  deposit,  which  also  covers  the  base  of  the  Tertiary  series  near 
Leh,  -where  it  has  been  much  denuded  away  along  the  valley  of  the  Indus. 
Above  Leh,  however,  near  the  village  of  Arpa,  we  find  the  hard  gneiss  conglo¬ 
merate  occurring  low  down  in  the  Tertiary  series,  underlaid  along  the  bed  of  the 
Indus  by  soft  gravels,  conglomerates,  sandstones  and  clays  with  a  south-westerly 
dip  of  about  15°.  The  conglomerate  contains  pebbles  of  a  trap,  which  is  thus 
shown  to  be  of  i«/ra-Eocene  ago,  but  whose  origin  is  not  certain :  the  lowest 
conglomerate  also  contains  pebbles  of  blue  limestone  and  buff  dolomite  probably 
derived  from  rocks  of  the  Carho-Triassic  series,  and  indicating  former  outcrops 
of  these  rocks  now  probably  concealed  by  the  Tertiaries.  Occasional  blocks  of 
gneiss,  several  feet  in  diameter,  occur  in  the  sandstones.  From  the  softness  of 
these  rocks  they  have  in  great  part  been  denuded  away  by  the  Indus,  and  only 
patches  remain  here  and  there. 

I  can  but  think  that  ice-action  has  played  some  part  in  the  formation  of 
these  lower  Eocene  strata,  as  it  seems  to  me  very  difiicult  to  imagine  that  water 
power  alone  could  have  placed  these  blocks  in  their  present  position  without 
scouring  out  the  soft  sand  in  which  they  are  embedded.  I  have,  however,  no 
positive  proof  to  bring  forward  in  support  of  this  view. 

I  will  now  describe  two  sections  taken  aci-oss  the  nummulitics  higher  up  the 
Indus  than  the  former,  the  first  being  an  ascending  and  the  second  a  descending 
section.  The  first  section  is  taken  from  the  Indus  valley  below  Leh  to  Kio  in 
Zanskar.  The  lowest  nummulitics  exposed  on  the  Indus  near  the  village  of 
Phay,  consist  of  brown  and  green  sandstones,  mingled  with  coarse  conglomerates 
and  grits ;  the  sandstones  are  often  ripple-marked,  and  the  pebbles  in  the  con¬ 
glomerate  consist  mainly  of  gneiss,  while  the  grits  are  composed  of  coarse 
gneissic  sand  precisely  similar  to  that  which  at  the  present  time  is  found  in  the 
valley  of  the  Indus.  In  the  higher  part  of  the  series,  near  Uriicha,  purple  and 
green  shales  and  slates  succeed  and  partly  replace  the  grits,  forming  an  anti¬ 
clinal  resting  upon  green  and  brown  splintery  shales.  The  higher  slates  contain 
numerous  bands  of  earthy  limestone  abounding  in  nummulites :  the  latter  are 
particularly  common  near  the  village  of  Shingo,^  where  I  also  obtained  a  species 
of  Oonus.  The  rocks  are  here  much  folded,  but  the  foldings  are  regular  and  open, 
and  never  show  the  minute  contortions  and  crumplings  so  characteristic  of  the 
older  rocks.  Some  2  miles  above  the  village  of  Kio  the  nummulitic  rocks  are 
overlaid  by  several  hundred  feet  of  a  coarse  conglomerate,  which  is  here  nearly 
vertical.  The  relation  of  this  conglomerate  to  the  shales  is  not  very  clear, 
but  it  aj)pears  to  lie  in  a  synclinal  axis,  being  again  underlaid  by  colored 
shales  nearer  Kio ;  the  great  mass  of  purple  shales  are,  however,  unrepresented 
below  the  conglomerates  at  Kio  ;  close  to  the  latter  place  the  Tertiaries  are  under¬ 
laid  unconformably  by  Carboniferous  rocks.  The  higher  Tertiary  conglomerate, 
here  and  in  other  parts  of  the  same  line,  contains  numerous  pebbles  of  the 

*  The  village  of  Shingo  is  placed  in  the  Atlas  Sheet  II  or  2  miles  too  near  to  Kio. 
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underlying  nummuliferous  limestone,  clearly  showing  that  the  former  rock  is 
the  newest  of  the  Tertiary  series. 

The  next  section  is  taken  down  the  Glia  riyer  from  Latho  to  TJpshi  on  the 
Indus.  On  the  left  hank  of  the  river  at  Latho  the  upper  conglomerates  are 
nearly  vertical,  but  with  a  slight  northerly  dip  :  they  rest  to  the  south  on  green 
and  purple  shales,  with  false  bedding,  which  at  first  sight  has  somewhat  the 
appearance  of  unconformity ;  this  is,  however,  but  a  local  condition,  and  on 
either  side  conformability  is  clear.  The  conglomerates,  which  can  be  traced 
continuously  along  the  southern  border  of  the  Tertiary  zone  from  Kio  to  this 
point,  form  a  regular  synclinal  axis,  and  as  they  descend  gradually  alternate 
with  greenish-colored  sandstones  :  they  contain  pebbles  both  of  the  older  Tertiary 
and  of  the  neighbouring  Palaeozoic  rocks.  Further  down  the  Gia  river,  these 
conglomerates  are  underlaid  by  green  and  red  shales,  sandstones,  grits  and 
conglomerates ;  and  the  whole  series  is  much  contorted.  Near  the  village  of 
Miru,  the  highly  colored  shales  are  underlaid  by  a  considerable  thickness  of 
conglomerate :  these  conglomerates  contain  chiefly  pebbles  of  gneiss,  of  carboni¬ 
ferous  quartzitic  rock,  of  some  unknown  silicious  rocks,  and  irregular  fragments 
of  the  lower  Tertiary  shale.  This  conglomerate  has  acquired  a  kind  of  false 
slaty-cleavage,  splitting  into  thin  plates,  right  through  the  pebbles,  and  parallel 
to  the  stratification.  Below  the  conglomerate  we  find  an  anticlinal  axis  of  brown 
and  green  crumbly  shales  and  greenish  sandstones,  which  are  again  overlaid, 
towards  the  Indus  valley,  by  the  red  shale  scries.  At  the  very  base  of  the  Miru 
.anticlinal  there  occur  some  brown  and  black  carbonaceous  shales  alternating  with 
bands  of  quartzite,  which  correspond  so  exactly  in  mineralogical  chai*acter 
with  the  Carboniferous  rocks  of  Gia  (see  below),  that  they  are,  I  think,  the 
same.  These  lower  rocks  seem  to  have  the  same  dip  as  the  Tertiaries,  and  as 
the  two  are  very  similar  in  mineralogical  character,  it  is  not  easy  to  distinguish 
between  them.  The  great  similarity  between  the  Eocene  and  Cai'boniferotis 
shales  at  Shargol  will  be  noticed  below.  If  the  identification  of  these  Carboni¬ 
ferous  rocks  is  correct,  it  would  appear  that  we  have  here  a  case  of  parallelism 
between  these  rocks  and  the  Tertiaries,  and  that  the  former  must  have  been  ap¬ 
proximately  horizontal  at  the  time  of  the  deposition  of  the  latter. 

Below  Miru  there  is  an  alternating  series  of  red  and  green  shales  and  sand¬ 
stones,  with  occasional  bands  of  gneiss  conglomei’ate.  About  2  miles  above 
the  village  of  Upshi,  these  rocks  are  underlaid  by  hard  and  coarse  gneiss  con 
glomerate,  several  hundred  feet  in  thickness,  again  underlaid  by  the  softer 
rocks  of  the  Indus  valley,  already  referred  to.  No  nummulites  were  met  with 
in  this  section. 

From  the  px’eceding  sections  it  seems  to  me  probable  that  the  green  and 
brown  crumbly  shales  of  Miru  and  Urucha,  together  with  some  of  the  overlying 
conglomerates,  arc  the  equivalents  of  the  lower  gneiss  conglomerate  of  the  Indus 
valley,  since  both  those  groups  are  overlaid  by  the  red  shale  series-  It  is 
further  not  improbable  that  the  red  shales  once  overlapped  the  gneiss  conglome¬ 
rate  in  the  Indus  valley,  and  extended  some  distance  further  up  the  crystalline 
rocks  of  the  Kailas  range. 

It  will  be  noticed  that  throughout  the  Tertiary  series  (above  the  gneiss  con- 
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glomerates),  there  is  evidence  of  local  contemporaneous  denudation,  and  that  the 
southern  conglomerate  is  formed  in  part  of  fragments  of  the  denuded  nummulitie 
zone,  which  I  have  shoivn  to  he  relatively  high  up  in  the  series.  I  have  also 
shovm  that  these  higher  conglomerates  are  underlaid  by  only  a  small  thickness 
of  shale,  on  their  southern  border,  and  it,  therefore,  seems  probable  that  these 
newer  strata  overlapped  the  older  along  this  border,  such  overlap  being  possibly 
due  to  local  subsidence. 

It  now  remains  to  treat  of  the  southern  boundary  of  the  Eocenes,  in  the  course 
of  which  we  shall  have  to  discuss  a  lai’ge  mass  of  volcanic  rocks  which  occur 
along  this  line.  Commencing  our  suiwcy  at  the  western  extremity  of  the  zone,  we 
find  that  the  purple  shales  of  Pashkam  are  overlaid  by  a  great  mass  of  basaltic 
trap  which  here  consists  of  greenish  anamesite,  weathering  to  a  pale  brown 
color.  South  of  Pashkam  the  traps  may  be  traced  continuously  to  Shargol 
(Shergol),  a  width  of  10  miles,  their  western  boundary  running  south-south¬ 
east  from  Kargil  and  adjoining  the  Palseozoics  of  Tashgam.  At  Shargol  we  find 
outh  of  the  main  trap  outflow,  a  band  of  soft  yellow  calcareous  sandstones,  and 
purple,  green,  and  black  shales,  exactly  resembling  the  sedimentary  Eocenes 
of  Pashkam,  and  which  are  doubtless  part  of  the  same  series.  This  band  may 
bo  traced  along  the  southern  border  of  the  trap  as  far  as  Mulbeck.  The  rocks 
of  this  band  are  much  mixed  up  with  trap,  and  in  many  places  within  the  trap 
area  masses  of  altered  sedimentary  rocks  are  met  with,  which  are  probably  frag¬ 
ments  of  the  Tertiaries  which  once  extended  continuously  over  this  area,  but 
which  have  been  broken  up  and  altered  by  the  subsequent  intrusion  of  the  traji. 
Erom  Shargol  the  southern  boundary  of  the  trap  runs  a  little  to  the  north  of 
Mulbeck,  and  thence  north  of  the  Kashmir  and  Ladak  road.  At  and  near  Bama- 
Yuru,  the  trap  is  much  mixed  u]!  with  Palaeozoic  rocks  which  I  shall  refer  to 
subsequently ;  east  of  the  last-named  village  the  southern  boundary  runs  north 
of  the  village  of  Wanla,  and  thence  on  the  north  of  the  sti-eam  flowing  from  the 
Choki-La.  Prom  Pashkam  the  northern  boundary  runs  for  some  miles  in  an 
easterly  direction,  then  bends  to  the  south-east  till  it  touches  the  Indus  at 
Khalchi,  from  which  point  it  again  leaves  that  river  and  forms  the  summits  of 
the  high  range  on  the  left  bank,  gradually  dying  out  among  the  sodimentaries  to 
the  west  of  the  Zanskar  river. 

The  trap  throughout  this  series  consists  of  fine-grained  anamesites,  green _ 

stones,  basalts,  and  serpentines,  with  occasional  amygdaloids ;  it  is  never  porphy- 
ritic,  and  when  worn  into  pebbles  acquires  a  brown-black  glaze  like  the  darker 
varieties  of  hajmatite. 

I  have  already  said  that  these  trajis  die  out  a  little  to  the  west  of  the  Zanskar 
river,  in  consequence  of  which  the  main  mass  of  the  sedimentary  Tertiaries  comes 
into  direct  contact  with  the  Carboniferous  rocks,  which  form  the  zone  to  the 
south  of  the  Eocenes.  Between  Kio  and  the  Zanskar  river,  the  Eocenes,  with  a  low 
northerly  dip,  rest  upon  and  overlap  the  Carboniferous  rocks,  masses  of  the 
latter  often  protniding  through  the  former,  showing  that  we  have  another  natural 
boundaiy,  indicating  the  oinginal  southerly  limit  of  the  Eocene  series. 

In  the  Zanskar  river,  dui’ing  its  course  through  the  Tertiaries,  there  were 
found,  during  the  summer  of  1878,  large  masses  of  pure  native  copper  which  had 
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been  washed  from  the  neigliboiuing  rocks.  Tlie  copper  occurred  in  irregular 
nodules  of  many  pounds  weiglit.  I  could  not  discover  the  copper  in  situ,  and  can¬ 
not  therefore  say  positively  whether  it  was  derived  from  the  Tcrtiarics  or  from 
the  older  rocks  further  south.’ 

To  the  south-east  of  Kio  the  Tertiary  boundary  runs  near  the  right  bank  of 
the  Markha  river,  crosses  the  Ladak  and  Kulu  road  at  Latho,  thenco  continues 
along  the  left  bank  of  the  Indus  towmrds  the  Chinese  frontier.  The  coarse 
conglomerates  that  form  the  highest  bodfe  of  the  series  between  Kio  and  Latho 
may  be  traced  far  to  the  east  of  the  latter  place.  On  the  Markha  river  between 
those  two  places,  masses  of  trap  occur  on  the  southern  border  of  the  Eocenes. 
This  trap  is  of  a  highly  crystalline  structure,  and  not  like  the  compact  green¬ 
stones  and  serpentines  of  Shargol . 

The  line  of  occurrence  of  this  trap  is  generally  near  the  junction  of  the  Palaso- 
zoics  and  the  sedimentary  Tertiaries,  as  is  well  seen  near  Gia,  where  the  trap  has 
cleai'ly  intruded  among  the  Palaeozoic  limestone,  which  is  hero  full  of  Encrinites. 

On  the  Markha  river  and  to  thesoutli-east  of  Gi'a,  numerous  trap-pebbles 
are  included  in  the  upper  Tertiary  conglomerate ;  but  it  is  not  clear  that  these 
pebbles  belong  to  the  same  mass  of  trap  as  the  one  on  this  line. 

The  large  mass  of  trap  on  the  upper  Indus  above  Leh  forms  a  ridge-shaped 
mass,  extending  between  the  sedimentary  Tertiaries  to  the  north  and  the  gneiss 
of  Eupsu  to  the  south.  The  upper  Tertiary  conglomerate  near  Gia  and  to  the 
eastward  contains  pebbles  of  trap,  of  crinoidal  Carboniferous  limestones,  of  Rupsu 
gneiss,  and  of  the  lower  Tertiary  rocks.  South-east  of  Gia  the  band  of  Carboni¬ 
ferous  rocks  dies  out,  and  the  Tertiaries  are  in  direct  contact  with  the  gneiss  of 
Rupsu. 

Along  the  whole  of  the  southern  border  of  the  Tertiaries  to  the  east  of  the 
Zanskar  river,  these  rocks  have  been  much  disturbed,  and  are  not  unfroquently 
inverted  ;  from  the  distinct  occurrence  of  overlap  here  and  there,  it  seems  pro¬ 
bable  that  this  boundary,  like  the  northern,  indicates  the  original  limit  of  the 
area  in  which  the  rocks  were  deposited :  the  trajj  has,  however,  probably  dis¬ 
turbed  the  original  relations  of  these  rocks. 

The  occurrence  of  nummulites  in  the  higher  Eocene  rocks  proves  that  these 
beds  are  of  marine  origin.  Many  of  the  lower  littoral  beds,  on  the  other  hand, 
from  their  heterogen eoms  composition,  and  from  the  frequent  occurrence  of  cross¬ 
bedding,  appear  to  me  very  probably  to  be  of  fresh- water  or  brackish  origin.  In 
the  lower  beds  near  Kargil,  Mr.  Drew  obtained  some  gastropods  allied  to 
Melania,  and  some  bivalves  which  seem  to  me  to  be  Unto  and  Dreissena,  though 
Dr.  Stoliczka^  considered  them  as  Pholadoniya  or  Panopmi  ;  if  my  interpretation 
be  correct,  it  confii-ms  the  fresh  water  origin  of  these  rocks,  which  is  borne  out 
by  the  occurrence  of  an  Estheria  near  Leh. 

The  above  facts  lead,  I  think,  to  the  conclusion  that  the  nummulitic  rocks  of 
the  upper  Indus  valley  were  deposited  in  a  nai’row  arm  of  the  sea  (as  was 

*  General  Cunningham  (“Ladak,”  p.  22)  says  that  the  name  Zanskar  (or  more  correctly  Zang.s- 
kar)  means  “  white  copper  ”  or  brass;  and  at  p.  231  of  the  same  work,  he  concludes  from  this 
meaning  that  copper  must  occur  in  that  country,  though  he  could  not  hear  of  it, 

^  Mem.  of  the  Geol.  Surv.  of  India,  Tol,  V,  p.  348. 
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suggested  by  Dr.  Stoliczka),  the  borders  of  uhich  were  rendered  brackish  by 
the  influx  of  fresh  water.  Subsequently  to  the  deposition  of  these  rocks,  thei 
southern  boj’dor  of  the  western  half  of  the  zone  was  broken  up  by  a  large  mass  i 
of  basaltic  trap  which  followed  the  normal  strike  of  the  Himalayan  rocks,  as  t 
being  in  all  probability  the  line  of  least  resistance.  The  Kailas  range  formed 
at  a  lower  elevation  the  northern  shore  line  of  this  gulf,  while  the  southern 
shore  line  in  all  probability  followed  the  northern  boundary  of  the  Palffiozoics  of 
the  Zanskar  basin,  and  of  the  trap  of  the  upper  Indus. 

At  the  time  of  the  deposition  of  the  nummulitics,  the  upper  Indus  valley 
must  have  been  a  wide  depression  below  the  level  of  the  sea,  flanked  on  either 
side  by  land.  Since  the  Eocene  period  this  valley  has  been  raised  to  an  elevation 
of  10,500  feet  above  the  sea-level  below  Leh,  and  it  is  in  all  probability  owing 
to  this  elevation  that  the  Tertiaries  have  obtained  their  present  generally  south¬ 
westerly  dip.  Tliis  elevation  of  the  Tertiaries  (together,  of  coui’se,  with  the 
Surrounding  rocks)  to  the  north-west  of  the  Zanskar  river,  mrxst  have  been  so 
gradual  and  even  as  not  to  disturb  the  original  relations  of  the  rocks,  and, 
judging  from  the  southerly  inclination  of  the  Tertiaries,  rvas  probably  of  greater 
vertical  extent  on  the  northern  than  on  the  southern  side  of  the  Indus.  To  the 
south-east  of  the  Zanskar  river,  where  the  Tertiaries  attain  the  enormous  eleva¬ 
tion  of  21,000  feet  (as  in  Tok  (Kauri)  peak,  opposite  Leh),  the  disturbance 
which  they  have  undergone  is  considerably  greater  than  to  the  w'est  (where 
their  elevation  is  less),  and  their  southern  boundary  is  often  faulted. 

In  the  fonner  area,  however,  those  rocks  do  not  seem  to  have  undergone  the 
puckerings  and  crumplings  to  which  the  PaliEOZoics  have  been  subjected,  the  move 
ments  causing  which  would  seem  to  have  taken  place  before  the  Eocene  period. 
It  seems  not  improbable,  from  the  prevalence  of  the  south-westerly  dip  in  the 
Tertiaries,  that  their  northern  border  Avas  first  elevated,  and  that  to  the  cast  of 
the  Zanskar  river,  the  higher  conglomerates  were  deposited  in  a  narroAV  valley 
at  the  base  of  this  newly  elevated  Tertiary  land,  Avhich  was  then  rapidly  under¬ 
going  denudation. 

1  am  thus  led  to  the  belief  that  tho  great  contortion  which  the  pre-Tertiary 
rocks  of  Ladak  have  undergone  took  place  in  great  part,  at  all  ermnts,  previously 
to  the  nummulitic  period,  and  from  the  presence  of  Jurasso- Cretaceous  rocks  (and 
no  neiver  secondaries)  in  Zanskar  (see  below),  that  this  contortion  and  denu¬ 
dation  took  place  in  the  later  Cretaceous  period  Avhon  the  country  (except  the 
Indus  valley)  first  emerged  from  the  sea,  beneath  which  it  has  probably  ever  since 
been  buried.^  From  his  observations  in  the  Sub-Himalayan  region,  Mr.  Medli- 
cott®  came  to  the  conclusion  that  the  contortion  of  the  older  rocks  there  took 
place  after  the  Nummulitic  period,  and  he  pointed  out  the  importance  of  com¬ 
paring  this  relation  with  that  in  tho  Central  Himalaya,  where  a  difierent  condi¬ 
tion  might  preA'ail. 

>  Against  this  view  there  is  the  apparent  parallelism  between  tho  Tertiaries  and  Carhonifei-ous 
on  the  Gia  river,  which  would  indicate,  if  rightly  interpreted,  that  here  the  great  part  o 
disturbance  was  of  post-Tertiary  age.  This  is  borne  ont  liy  the  greater  amount  of  metamorplnsm 
and  contortion  which  the  Tertiaries  to  the  .south-east  of  the  Zanskar  river  have  undergone  in  com- 
pavison  with  those  to  the  north-west. 

2  See  “Mainial  of  Geology,  India/'  p.  68i. 
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The  Indus  valley  Nummulitics  seem  to  indicate  that  tlie  enormous  elevation 
of  the  Central  Himalaya  did  not  take  place  at  all  events  till  post-Eocene  times, 
while  the  elevation  and  contortions  of  the  outer  Siwaliks  render  it  jarobahle  that 
the  elevation  of  the  whole  Himalaya  has  occirrred  in  great  part  since  the  period 
of  the  older  Pliocene. 

It  may  not  improbably  bo,  that  in  the  Ladak  Himalaya,  lateral  crushing  had 
taken  place  before  the  Eocene,  and  brought  the  j)ro-Eocene  rocks  approximately 
into  their  present  positions,  during  which  a  great  smashing  and  crushing  of  these 
rocks  must  have  taken  place  ;  the  pre-Eocene  rocks  were  then  denuded.  During 
the  deposition  of  the  Ladak  Eocenes  there  was  a  pause  in  the  lateiul  crushing 
action  succeeded  by  another  period  of  lateral  crushing ;  this  second  crushing 
must  have  raised  the  Ladak  mountains  to  their  present  height,  during  Avhich 
elevation  the  Tertiaries  were  not  so  much  smashed  up  as  the  lower  rocks  dui’ing 
the  first  crushing,  but  were,  so  to  speak,  carried  up  on  the  top  of  them.  The 
post-Eocene  period  of  lateral  crushing  was  also  probably  post- Pliocene,  and  was 
the  one  which  also  crushed  up  the  Siwaliks.  These  latter  rocks  with  their 
underlying  Hummulitics,  being  on  the  boundaries  of  the  central  elevated  mass, 
would  neces.sarily  undergo  much  more  crushing  and  smashing  tlian  the  Eocene 
rocks  of  Loh,  which,  as  I  have  said,  might  be  carried  up  by  the  lateral  movement 
on  the  top  of  the  denuded  older  rocks  with  but  comparatively  little  crushing. 

Older  Bocks. 

I  now  come  to  the  consideration  of  the  pro-Tertiary  rocks  of  the  area  under 
discussion,  and  commence  my  survey  at  the  north-Avestern  end  of  the  basin. 

When  treating  of  the  slaty  series  of  Dras,  I  ha\’e  already  shoAAm  that  those 
rocks  do  not  extend  to  the  Avestvvard  of  a  line  running  south-south-east  about 
16  miles  to  the  east  of  the  Kurtse,  where  they  are  cut  off  by  neAver  rocks.  I 
have  also  shoAV'n  that  the  Tertiary  zone  does  not  extend  much  to  the  south  of 
either  Shargol  or  Mulbeck,  and  a  line  running  at  first  oast  and  then  south-east 
of  the  latter  place.  The  rocks  avo  huAm  now  to  consider  occupy  the  angle  between 
the  two  lines,  and  extend  far  to  the  south-east  into  Spiti :  a  few  of  these  rocks 
extend  within  the  Tertiary  area  in  the  neighbourhood  of  Lama-Yuru. 

Before  going  further,  it  may  bo  well  to  mention  that  the  rooks  now  to  be 
noticed  range  from  the  Silurian  to  the  Cretacemrs,  and  that  the  great  mass  of 
those  aboA^e  the  Carboniferous  consist  of  the  Triassie  series.  Most  of  these  I’ocks 
were  originally  named  by  Dr.  Stoliczka  in  the  Spiti  district.  Avhere  they  are  all 
fossiliferous,  and  their  divisions  are  tabulated  on  pp.  135  and  seq.  of  his  above 
quoted  memoir.  The  strata  above  the  Carboniferous  (Kuling)  Avere  divided 
into  upper  Trias  (Lilang),  Hbfetic  (Para  limestone),  upper  Ehnetic  or  Lower  Lias 
(Lower  Tagling),  and  various  higher  groups  of  Jurassic  and  Cretaceous  age. 
In  most  of  the  country  examined  by  me  Avhere  supra-Carboniferous  mesozoic 
rocks  occur,  I  have  only  here  and  there  been  able  to  identify  the  separate  groups 
of  Stoliczka,  Avhich  all  form  part  of  one  groat  rock-series,  easily  recognised  by 
the  great  prevalence  of  Umestone.s  and  dolomites.  I  have  not  been  able  to 
color  these  diifei'ent  groups  separately  in  the  map,  and  they  are,  therefore,  all 
embraced  in  the  large  area  colored  sienna  in  the  map,  which  must,  accordingly. 
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be  imclerstood  to  eomprebend  strata  ranging  throughout  the  uj^per  Trias  (under 
which  I  include  Ehsetic)  to  strata  of  lower  Liassic  or  upper  Rhaetic  (lower 
Tagling)  age.  As  I  shall  notice,  there  may  possibly  be  some  even  newer 
.strata  included  here  and  there  in  the  area,  though  in  the  absence  of  fossil  evi¬ 
dence  I  cannot  be  certain.  Whenever  I  have  been  able  to  recognise  any  of 
Stoliczka’s  minor  divisions  I  have  mentioned  them.  It  may  be  observed  that 
in  his  second  paper  on  Western  Tibet,  Dr.  Stoliczka  was  disposed  to  unite  the 
Trias  and  Rhoetie  ‘ 

I  commence  my  examination  of  the  pre-Tertiary  rocks  of  the  Zanskar  basin 
at  its  north-western  extremity. 

To  the  south  and  sonth-east  of  Shargol  (Shergol),  to  quote  the  words  of 
Dr.  Stoliczka,  •  “  the  higher  hills  all  consist  of  Triassic  limestone,  alternating 
near  the  base  with  rather  highly  metamorphic,  and  sometimes  strongly  carbo¬ 
naceous  shales,  which  it  is  very  difficult  to  distinguish  from  the  Tertiary  beds,” 
which  I  have  already  shown  to  occur  to  the  north  of  and  at  Shargol.  Dr.  Sto¬ 
liczka  goes  on  to  say  that  the  determination  of  the  Triassic  limestone  is  tolerably 
certain,  and  that  it  is  the  same  as  that  which  occurs  above  Di-as.  The  latter 
was  considered  by  Stoliczka^  as  the  representative  of  the  Keuper  (Lilang)  in  its 
lower  part,  and  apparently  of  the  Para  limestone  in  its  upper  and  more  dolo- 
mitic  part.  We  shall  subsequently  see  that  the  Shargol  limestone  underlies 
other  dolomitic  strata  which  are  probably  the  representative  of  the  Para,  the 
Shargol  limestone  being  the  Lilang. 

It  does  not  appear  that  Dr.  Stoliczka  found  any  fossils  in  the  Shargol  lime¬ 
stone  ;  in  the  stream  running  to  that  place  from  the  south  there,  however,  occur 
numerous  blocks  of  a  blue  limestone  full  of  a  species  of  a  large  Megalodon,  though 
I  did  not  find  the  fossil  in  situ.  These  fossils  seem  to  differ  from  Megalodon 
triqneter,'  characteristic  of  the  Para  limestone,  by  the  larger  size  of  the  umbones, 
and  by  the  deeper  groove  between  the  two  valves.  To  Dr.  Peistmantel  and  myself 
the  species  appears  to  be  indistinguishable  ivova.  Megalodon  gryplioides  of  Gumbel,* 
characteristic  of  the  European  Keuper.  We  have,  therefore,  pretty  fair  evi¬ 
dence  that  the  Shargol  limestone  is  upper  Trias. 

Dr.  Stoliczka,  in  the  notes  of  the  Yarkand  journey,  goes  on  to  say  that  the 
Triassic  limestone  can  be  traced  to  the  south  of  Karbu  (Kharbu)  and  the 
Fotu-La  ;  and  he  further  observes,  that  this  limestone  near  Karbu  and  on  the 
Potu-La  is  underlaid  by  shales,  which  he  classes  as  Carboniferous,  and  which  he 
traced  as  far  as  Ldma-Yuru.  These  shales  are  generally  carbonaceous  and  weather 
to  a  peculiar  light  brown  color,  and  as  they  underlie  the  upper  Triassic  Shargol 
limestone,  they  may  in  all  probability  be  classed  as  Carboniferous,  since  according 
to  Stoliczka,®  the  Lilang  (upper  Triassic)  series  in  Spiti  overlies  (with  here  and 
there  unconformity)  the  Kuling  (Carboniferous)  series  ;  the  Permian  and  Lower 

’  Mem.  Ocol.  Surv.  India,  Vol.  V,  p.  352. 

®  “Scientific  Results  of  Second  Yarkand  Expedition,”  Geology,  p.  13. 

^  Mem.  Geol.  Snrv.  India,  Vol.  V,  p.  349. 

■'  “  Manual  of  Geology  of  India,”  PL  II,  figs.  8,  8a. 

“  “  Sitzungsb.  d.  k.  Akad.  Wien.,”  Vol.  XLV,  p.  372,  and  figure. 

<■  Mem.  Geol.  Surv.  India,  Vol.  V,  p.  61. 


PART  L]  LydeTiher  ■.  Geology  of  Lad dk  and  Neighbouring  T)istricts.  45 

Trias  (Mirschclkalk  and  Bunter)  being  absent.  Subsequently,  however,  Stoliczka 
incidentally  mentions  i  shales  of  lower  Triassic  age  in  Kujjsu,  and  it  may  jjossibly 
be  therefore  that  the  Shar’gol  shales  (as  I  shall  frequently  style  these  rocks)  are 
partly  of  lower  Triassic  ago.  As,  however,  they  are  unfossiliforous,  and  as  more 
to  the  south,  they  overlie  metamorphic  Silurians,  there  is  little  doubt,  both  in 
Stoliezka’s  and  my  own  opinion,  that  they  are  mainly  Carboniferoirs,  and  they 
have  accordingly  been  so  colored  in  the  map. 

Dr.  Stoliczka,  as  I  have  said,  mentions  the  difficulty  which  he  found  in  distin¬ 
guishing  the  Tertiary  from  the  Carboniferous  shales,  and  it  is  not  quite  clear  to 
me  to  w’hich  group  he  referred  some  shales  to  the  east  of  Shargol,  which  I  think 
are  certainly  the  Carboniferous;  he  speaks  of  “lumps  and  2)atches  of  it  (Trias 
limestone)  sticking  out  of  the  so-called  Tertiaiy  shales,”  as  if  he  thought,  as  I 
think,  that  the  shales  were  not  Tertiary.  I  incline  to  think  that  the  limestone  in 
these  shales  is  mainly  in  the  form  of  lenticular  masses,  interstratitiod  with  them, 
though  some  of  them  may  be  outlying  masses  of  the  Trias  overlying  the  shales. 

Before  discussing  further  the  south-easterly  extension  of  the  Shargol  shales, 
I  proceed  to  notice  two  sections  taken  from  the  northei'n  border  of  these  shales 
to  the  south.  The  first  of  these  extends  from  the  Kashmir  and  Ladak  road  near 
Mulbeck  up  the  ravine  known  as  Miilbeck  Rdng.  Leaving  the  Kargil  river,  we 
first  cross  the  blue  limestone  corresponding  to  the  Shargol  Megalodon  bods,  which 
has  a  southerly  dip.  These  rocks  are  succeeded  for  a  distance  of  about  3  miles 
by  alternations  of  hard  and  massive  white,  green,  and  purple  slates,  with  sand¬ 
stones  and  limestones,  the  whole  scries  being  much  folded,  and  its  thickness 
difficult  to  estimate ;  these  slaty  rocks  are  much  like  those  of  the  Trias  of  Tilel.^ 
The  slaty  rocks  seem  to  be  succeeded  by  a  great  thickness  of  nearly  horizontal 
strata  of  white  dolomites  and  blue  limestones,  like  those  occurring  in  a  similar 
position  in  Tilcl,  as  described  in  my  jjaper  quoted  above,  and  appai’ently  corresj^ond- 
ing  to  the  higher  i)art  of  the  Trias  of  Dris  (Para  limestone)  ;  the  slates  between 
the  Megalodan  beds  and  the  dolomites  being  much  thicker  than  the  intermediate 
(limestone  and  shale)  beds  at  Dras.  The  dolomitic  rocks  continue  across  the 
ridge  at  the  head  of  Mulbeck  Rung  in  a  rolling  series  to  the  north  of  G  onpa  Lama 
Serai,  where  they  were  noticed  by  Stoliczka  (Rangdum  Gonpa),’’  and  are  appar¬ 
ently  faulted  against  the  Silurians  of  the  Dras  series.  Stoliczka  merely  noticed 
these  strata  from  a  distance,  but  speaks  of  them  as  “secondary  deposits,  un¬ 
doubtedly  of  different  formations.”  As  I  have  said,  I  think,  their  highest  beds 
are  the  topmost  Trias  (Para),  and  the  series  is  undoubtedly  the  same  as  that 
which  I  have  included  in  the  Trias  in  Tilel  and  the  Zoji-La. 

The  second  section  runs  southward  from  the  village  of  Hiniskot,  on  the 
Kashmir  and  Ladak  road,  across  the  Kangi-La.  At  Hiniskot  itself  we  find  cliffs 
of  nearly  vertical  blue  and  buff  limestones,  corresfionding  to  the  Shargol  Mega¬ 
lodon  gryphoides  bods,  with  a  few  slaty  beds ;  those  rocks  continue  in  a  rolled 
and  much  bent  series  till  within  some  2  miles  of  the  village  of  Kangi,  where 
we  cross  a  synclinal  axis  in  bright  colored  shaly  slates,  again  underlaid  by  the 

*  Mem.  Geol.  Surv.  India,  Vol.  V,  p.  345. 

2  Rec.  Geol.  Surv.  India,  Vol.  XII,  p,  21. 

^  Mem.  Geol.  Surv.  India,  Vol.  V,  p.  347. 


46 


[VOL.  XTII. 


Reconh  of  the  Geological  Survey  of  India. 

lowei'  limestones  nearer  and  at  the  village.  The  limestones  seem  here  to  form 
an  anticlinal,  overlaid  again  to  the  south  by  the  colored  slates,  with  one  thick 
band  of  soft  and  dark  colored  shales,  containing  large  feiTuginous  concretions. 
Higher  up  the  Kangi  stream,  wo  find  the  slates  extending  as  far  as  the  village 
of  Ampaltan,  where  we  find  them  gradually  succeeded  by  blue  limestones,  and 
these  again  by  buff  dolomites.  These  dolomites  continue  in  a  rolhng  series 
across  the  Kangi-La  to  the  Silurian  slates  of  Eundum,  where  they  were  colored 
in  an  unpublished  map  of  Stoliczka’s  as  Trias.  This  section  is  not  veiy  clear ; 
the  beds  on  the  north  are,  I  think,  certainly  the  Lilang,  and  the  southern  dolomite 
the  Pai-a  limestone  ;  if  this  be  so  and  the  section  coiTect,  the  intermediate  slates 
must  also  bo  part  of  the  Trias  ;  they  resemble  the  similarly  placed  rocks  of  Tilel. 
The  thin  band  of  black  crumbly  shales  at  Kangi  with  concretions  makes  a 
curious  approach  in  mineralogical  structure  to  the  Spiti  shales  as  described  by 
Stoliezka  :  the  other  rocks  do  not,  however,  agree  -with  the  other  Spiti  Jurassics. 

It  may  be  noticed  that  at  and  below  the  village  of  Kangi,  there  occur  in  the 
bed  of  the  stream  numerous  pebbles  of  a  crystalline  trap,  with  a  rust  colored 
weathering  ;  these  pebbles  have  been  derived  from  a  mass  of  trap  occurring  on 
snowy  peaks,  D  24  and  D  25,  to  the  eastward,  to  which  I  shall  have  occasion  to 
refer  subsequently. 

Eeturning  to  the  Shargol  Carboniferous  shales,  we  find  them  continued,  as 
we  have  seen  from  Dr.  Stoliczka’s  notes,  to  the  eastward  along  the  line  of  the 
Kashmir  and  Ladak  road  :  north  of  Karbu  a  few  small  patches  of  Triassic  slates 
and  limestones  are  found  resting  on  the  shales,  and  the  latter  are  a  good  deal 
mixed  with  the  Tertiary  serpentine  trap,  especially  near  the  nummulitic  zone  :  these 
shales  were  traced  by  Stoliezka  and  myself,  as  noticed  above,  to  Lama-Yuru. 
Crossing  the  sti'eam  at  Karbu  and  proceeding  in  a  north-easterly  direction,  we 
find  the  Carboniferous  shales  underlaid  by  slaty  rocks,  green,  red,  and  black  in 
color,  which  foi-m  the  summit  of  the  ridge  on  which  Kindam  station  is  situated. 
Among  these  lower  slates  Dr.  Stoliezka'  recognised  the  green  (Silurian)  rock  of 
Dras  ;  these  slates  are  much  mixed  up  with  the  serpentine  trap.  At  Lama-Yuru 
the  Carboniferous  shales  are  underlaid  by  the  same  slate  series  as  occurs  near 
Karbu,  and  some  bods  of  sandstone,  with  a  south-westerly  dip.  The  same  slate 
rocks  mixed  with  ribband  jaspidoous  rocks  like  those  between  Tilel  and  Dras, 
and  mth  the  slaty  sandy  (trappoid  of  Stoliezka)  rocks  of  the  Dras  river  and  the 
Pangong  lake,  occur  in  a  descending  series  in  the  gorge  leading  from  Lama- 
Yuru  to  the  Indus.  These  rocks  are,  however,  so  intimately  mixed  up  with  the 
Tertiary  ti-ap,  that  it  is  exceedingly  difficult  to  map  them  with  any  accuracy. 
To  the  eastward  I  have  traced  these  slaty  rocks  to  the  village  of  Wanla,  where 
they  again  underlie  the  Shargol  Carboniferous  rocks.  Dr.  Stoliezka  says'  that 
the  colored  shales  and  slates  underlying  the  brown  carbonaceous  (Carboniferous) 
shales  of  Lama-Yuru  are  the  representatives  of  his  Mfith  and  Bhabeh  series 
(upper  and  lower  Silurian)  :  he  further  thinks  there  are  traces  of  syenite 
(central  gneiss(?)  )  underlying  these  slates,  though  I  did  not  observe  them 
myself.  Hear  the  Indus  the  Silurian  slates  are  cut  off  by  the  Tertiary  trap. 
Prom  the  mineralogical  composition  of  the  rocks  in  the  Lama-Yuru  gorge,  they 
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appear  to  me  to  be  certainly  the  same  as  the  slate  series  of  Kashmir,  Tilel,  Dras, 
the  Pangong  Lake,  and  Chfing-Chenmo. 

From  the  Fotu-La  the  Carboniferous  band  extends  in  a  south-easterly  direction, 
its  northern  boundary  rnnning  through  Wanla,  and  thence  slightly  north  of  the 
road  across  the  Choki-La  to  the  Zanskar  river,  where  L  shall  take  it  up  subse¬ 
quently.  The  southern  boundary  runs  near  the  village  of  Panjila,  and  thence  in 
a  south-easterly  direction  :  near  the  village  of  Urchi  there  is  a  small  synclinal  in 
the  lower  shale-series,  occupied  by  a  patch  of  the  bright-colored  Triassic  slates 
and  limestones.  Near  Wanla  a  large  proportion  of  blue  limestone  occurs  in  the 
lower  Carboniferous  shales,  which  is  not  unfrequently  crowded  wdth  Enorinites. 
Iron  also  occurs  in  these  rocks,  and  is  worked  in  small  quantities.  To  the  south¬ 
east  of  Wanla,  the  Carbonifor’ous  strata  consist  of  black  flaggy  slates,  which, 
however,  weather  to  the  usual  light-brown  color,  by  which  character  they  are 
readily  distinguished  from  the  older  Lama-Yuru  slates,  which  always  weather 
black. 

Close  to  Wanla  there  occurs  a  wide  dyke  of  the  Tertiary  trap  running  in 
among  the  Palaeozoics,  which  requires  a  moment’s  notice.  On  the  south  side  of 
this  dyke,  between  it  and  the  Carboniferous  shales,  there  occurs  a  considerable 
thickness  of  coarse  vertical  conglomerate,  a  good  deal  altered  by  the  trap,  and  con¬ 
taining  pebbles  of  the  Trias  limestone,  and  of  the  crystalline  trap,  already  noticed 
as  forming  peaks  Nos.  D.  24  and  25.  I  cannot  say  whether  or  no  this  con¬ 
glomerate  corresponds  to  the  higher  Tertiary  conglomerate  near  Gi'a  ;  but  since 
it  has  been  jammed  in  between  the  traj)  and  the  Pala30zoic8  in  vertical  beds, 
it  affords  the  important  piece  of  evidence  that  it  is  older  than  the  trap,  and  that 
consequently  the  crystalline  trap  within  the  Triassic  area  is  older  than,  and  was 
denuded  at  the  time  of,  the  formation  of  the  basaltic  trap  of  the  Indus. 

A  section  through  the  secondary  rock-series  from  the  village  of  Panjila,  south 
of  Lama-Turu,  to  Yelchang  bridge,  on  the  Zanskar  river,  gives  the  following 
series  of  rocks.  Leaving  the  shaly  Carboniferous  rocks  near  Panjila,  we  find  the 
overlying  Trias  at  first  consisting  of  hard  purple  and  green  slates,  which  are 
nearly  vertical,  mixed  with  some  calcareous  and  limestone  bands :  these  are 
succeeded  by  softer  and  brighter-colored  slates,  like  those  of  Kangi ;  while 
shortly  below  the  village  of  Haniipatta  (Hunupatta),  we  come  upon  blue  lime¬ 
stones  with  a  lower  southerly  dip.  From  Hanupatta  to  the  Sirsa  La  there  is  a 
succession  of  blue  limestones  and  white  dolomites,  with  a  few  slates,  which  form 
a  rolling  synclinal,  the  underlying  poikilitic  slates  again  appearing  beneath  the 
limestones  at  the  pass  itself. 

These  limestones  and  dolomites  appear  to  me  to  be  the  Para  limestones,  and 
they  contain  sections  of  fossils  which  appear  to  be  those  of  Dicerocardium  hima- 
lagense,  characteristic  of  this  band.  This  being  so,  the  underlying  slaty  rocks 
must  be  the  Lilang  series,  the  limestones  of  Shargol  being  represented  by 
these  slates ;  this  section  confirms  the  Triassic  age  of  the  rocks  in  the  Kangi 
section. 

From  the  Sirsa  La  to  the  village  of  Phatoksir  and  thence  across  the  Shingi 
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(or  Sliingo,  or  Singlii)  La*  to  Yelchang  on  the  Zanskar  river,  there  is  a  conti¬ 
nuous  succession  of  the  same  limestones  and  shales.  For  want  of  supplies  I  was 
unable  to  continno  my  journey  beyond  Yelchang,  hut  Triassic  (Para)  dolomitic 
limestone  extended  as  far  as  1  could  see  up  the  Zanskar  valley.  According  to  Dr. 
Stoliczka**  the  Zanskar  valley  near  Zangla  consists  on  cither  side  of  contorted 
Triassic  limestone  (Lilang  ?)  overlaid  by  the  darker  Para  limestone  on  the  higher 
ranges.  To  the  south-east  of  Zangla  near  Niri-Sumdo  (ISTiri-Chu),  at  the  Sha- 
padok.La,  and  the  Saiji  La,  lower  Tagling  limestone  (lower  Lias)  overlies  the  Para 
limestone  ;  these  are  in  turn  overlaid  by  Spiti  shales  in  small  patches  (the  occur¬ 
rence  of  the  latter  is  roughly  indicated  on  the  maj)  by  yellow  patches,  while  the 
lower  Tagling  is  included  in  the  sienna).  I  have  no  doubt  but  that  the  Trias  of 
Yelchang  is  continuous  with  that  of  Zangla,  with  patches  of  Jurassic  rocks  occur¬ 
ring  on  the  higher  hills.  I  may  observe  that  to  one  who  like  myself  did  not  give 
the  local  names  to  the  diffei-ent  limestones  of  the  great  Trias- Jura  of  this  district 
(for,  as  in  America,  the  Trias  and  Jura  are  one  great  rock  series),  it  is  exceed¬ 
ingly  diflioult  to  recognise  these  pala3ontologically  different  but  mineralogically 
very  similar  limestones.  General  Cunningham ■■*  observes  that  limestones  are 
found  continuously  across  Zanskar  from  the  Shinghi-La  to  the  Lachi-Long-La, 
on  the  Ladak  and  Kulu  road,  where,  as  will  be  noticed  below,  the  Trias  seems  to 
continue  across  Zanskar.  I  therefore  conclude  that  the  Triassic  and  lower 
Jurassic  rocks  form,  with  small  exceptions,  the  w'hole  of  the  central  part  of  the 
gi’cat  limestone  ellipse  of  Zanskar. 

blear  the  village  of  Thonde,  in  Zanskar,  Dr.  Stoliezka  says'^  that  “the  Triassic 
beds  are  sepai’atcd  from  the  Silurian  sandstones  by  a  dark  band  of  a  greenstone- 
like  rock,  which  I  presume  to  bo  Carboniferous.”  These  latter  rocks  have  been 
provisionally  so  colored  on  the  map,  as  there  is  a  strong  presumption  from 
their  position  that  they  are  rightly  referred  to  that  formation. 

The  trap  ocouiTiug  on  peaks  D.  24  and  25  must  be  post-Triassic  age,  though, 
from  the  amount  of  snow,  I  could  not  examine  it  clo.SGly  in  situ.  It  is  distin¬ 
guished  from  the  Shargol  trap  by  its  more  crystalline  structure,  and  by  the 
peculiar  rusty  brown  w'eathering. 

Reverting  once  again  to  the  presumed  Carboniferous  rooks,  w'hich  w’e  have 
abeady  traced  as  far  as  the  village  of  Wanla,  we  find  that  from  this  23oint  they 
continue  across  the  Choki-La  down  to  the  Zanskar  river,  near  the  village  of 
Chiling ;  thence  their  northern  boundary  is  continuous  with  the  southern 
boundary  of  the  Tertiaries,  which  we  have  already  traced.  From  Wanla  to  a 

'  Dr.  Tbomsoii  is  said  to  liavo  brought  luimnralites  from  this  pass  (Mem.  Geol.  Surv.  of  India 
Vol.  V,  p.  354) ;  this  seems  to  have  arisen  from  confusing  this  pass  with  the  one  to  the  north-’ 
cast  of  the  village  of  Shingo  neiir  Kio,  which  is  often  called  Shingi-La,  and  under  which  name  Dr. 
Stoliezka  allude.?  to  it  when  he  found  numinulitcs  on  it  (sup.  cit.,  p.  344) ;  it  is  rather  strange  that 
the  similarity  of  the  two  names  did  not  strike  Dr,  Stoliezka  when  he  wrote  his  paper.  This  error  is 
repeated  on  page  14  of  the  Geology  of  the  Second  Yarkand  Mission.  Mr.  Medlicott  (Man.  Geol.  of 
India,  p.  644)  pointed  out  the  probable  error. 

**  Mcin.,  Geol.  Surv.  of  India,  Vol.  V,  p.  246. 

=  “  Ladak,”  p.  57. 

*  Mem.,  Geol,  Surv.  of  India,  Vol.  V,  p.  346. 
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long  distance  up  tlie  Marklia  river  these  rocks  have  a  general  south-westerly 
dip,  and  form  a  band  of  very  uniform  breadth  to  the  north  of  the  Trias.  Near 
Kio,  the  lowest  beds  of  the  Carboniferous  series  Avhich  are  exposed,  are  nearly 
vertical,  and  consist  of  blue-black  limestone,  traversed  by  veins  of  yellow  quartz. 
Nearer  Kio  itself,  the  south-westerly  dip  becomes  flatter,  and  the  limestone  is  over¬ 
laid  by  brown  shales  and  blue  slates,  with  many  bands  of  Avhiteand  yellow  quartz: 
many  of  the  slates  contain  bands  of  carbonaceous  matter,  and  are  not  unfrequently 
studded  with  small  crystals  of  pyrite.i  On  the  llarkha  river,  a  little  below  Kio, 
the  yellow  quartz  is  in  great  force,  and  gold-A\-ashing  is  carried  on  to  a  consider¬ 
able  extent  in  the  detritus  from  these  quartz-i-eefs.  At  Kio  and  in  the  neigh¬ 
bourhood,  stems  of  Eiicrinites  are  of  very  common  occurrence  in  the  Carbonifer¬ 
ous  limestones,  and  at  that  place  I  obtained  a  coral  clo.sely  allied  to  Gijatliophyl- 
lum.  To  the  south-east  of  Kio  the  mineralogieal  composition  of  the  presumed 
Carboniferous  rocks  has  the  same  general  characters  as  those  described  above; 
the  relative  develofiment  of  the  limestones  and  shales  is,  however,  locally  very 
variable. 

In  noticing  these  rocks  at  Kio,  Dr.  Stoliezka  observes:^  “  The  nuramulitic 
rocks  are  suddenly  replaced  by  slato.s  and  carbonaceous  limestones  full  of  crinoid 
stems,  which  appear  to  be  of  CarboniforoTis  age.  All  the  Avay  up  from  Kew  (Kio) 
to  the  head  of  the  Markha  valley,'  nothing  but  these  carbonaceous  crumbly  slates 
occur.”  No  fossils  wer’e  found  in  these  rocks,  and  Dr.  Stoliezka  adds  that  there 
were  probably  represeirtativcs  of  the  Silurian  and  Carboniferoirs  among  them.  The 
slates  of  Kio  arc  frequently  full  of  small  cubical  crystals  of  pyrite.  To  the  north¬ 
west,  as  we  have  seen,  these  I’ocks  are  continuous  with  the  Sliargol  slialcs  which 
wo  have  clas.sod  as  Carboniferous.  To  the  south-rvestof  Tso  Morlri,  I  have  traced 
this  band  into  a  series  of  slates  noticed  by  Dr.  Stoliezka,®  Avho  observes  that 
“  these  slates  can  only  belong  to  the  Krding  (Carboniferous)  series,  being  perfectly 
identical  with  the  rooks  of  this  (series)  in  mineralogieal  characters  and  geolo 
gical  position,  underlying  the  Lilang  limestone.” 

There  is,  therefore,  every  presumption  of  the  whole  of  the  blue  bands  on  the 
majj  being  of  Carboniferous  age. 

To  the  soutli-castof  the  valley  of  the  Markka  river  the  band  of  Carboniferous 
rocks  continue.s  along  the  southern  border  of  the  Eocenes,  till  it  finally  dies  out 
on  the  upper  Indus,  between  the  hitter  and  the  gneiss  of  Rupsu.  On  the  Gia 
river  the  Carboniferous  rooks  have  undergone  great  contortions;  they  consist  at 
Gia  itself  of  brown  weathering  shales  mixed  with  blue  quartzitic  limestones  gen¬ 
erally  in  lenticular  masses  ;  the  shales  are  often  quartzitic  and  carbonaceous  and 
dip  generally  towai’ds  the  Tei’tiaries,  which  they  frequently  much  resemble. 

To  the  southAvard  of  Gia  rve  have  at  first  a  folded  series  of  these  rooks, 
which,  further  to  the  south,  is  underlaid  by  hard  blue  slates  and  micaceous  sand¬ 
stones,  similar  in  structure  and  position  to  the  Silurians  of  Lama-Yuru.  Near 

'  The  composition  of  the  Carboiuforons  series  here  is  closely  annl'osons  to  thot  of  the  Ki.il 
series  in  the  outer  hills,  which  confirms  my  ouiiiiou  iis  to  the  Carboniferous  age  of  the  hittev- 
(see  Rec.  Geol.  Snrv.  of  Indin,  Vol.  IX,  p,  160). 

•  Jfem.  Geol.  Snrv,  India,  Vol.  V,  p.  311. 

3  Ibid.,  p.  313. 
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the  Tagalung-La  and  to  the  west  of  Ralla  St.  there  occurs  a  synclinal  in  these 
rocks,  consisting  of  the  Oarhoniforons  shales,  quartz  and  limestones;  near  the  pass 
large  lenticular  masses  of  pure  white  saccharoid  quartzite,  like  that  of  the  Pan¬ 
gong  Lake,  occur  in  these  rocks.  In  the  centre  of  this  synclinal  there  occur  beds 
of  dolomitic  limestones,  mixed  with  some  reddish  shales,  which  are  probably  the 
Lilang  series.  Dr.  Stoliezka,  in  his  notes  on  the  Tagalung-La  >  (Taglang),  docs 
not  notice  these  limestone  rocks,  and  speaks  of  all  the  rocks  as  belonging  to  the 
mctamorphic  series. 

The  Carboniferous  rocks  in  the  Tagalung  synclinal  arc  underlaid  to  the  sontli 
by  the  slaty  and  sandy  Silurians.  Lower  down  the  Zara  river  there  is  an  anticli¬ 
nal,  to  the  south  of  which  tlic  slates  gradually  assume  a  gneissoid  character,  the 
crystalline  rocks  occurring  as  lenticular  masses  among  the  slates. 

This  gneiss  and  slates  arc  again  overlaid  confoi’mably  to  the  south-west  by 
the  carboniferous  rocks  of  Kio.  The  gneiss  and  slate  series  can  bo  tr.accd  to  the 
north-west  nearly  to  the  Markha  river,  where  they  form  a  wedge-shaped  mass 
intruding  bctw'cen  the  Carboniferous  rockSj  which  here  split  to  receive  them.  To 
the  south-east  the  slates  and  gneiss,  which  form  one  scries,  have  been  traced  by 
Dr.  Stoliezka  to  the  south  of  the  Indus,  and  across  Enpsu  to  the  south  of  Tso- 
Moriri  and  wore  classed  by  him  as  the  equivalents  of  the  Silurian.  The  gneiss  is 
dark-colored,  and  vci’y  generally  porphyritic,  with  large  crystals,  often  3  or 
4  inches  in  length,  of  gray  orthoclasc.  It  is  qiiitc  different  in  character 
from  the  white  gneiss  of  the  Kailas  range,  and  when  non-jiorphjritic  is  very  like 
the  altered  Silurians  of  Tanksc.  As  the  Rupsu  slates  and  gneiss  directly  undcrlio 
strata  which  are  certainly  not  newer  than  Carboniferous  they  must  probably  be 
of  Silurian  ago,  as  suggested  by  Dr.  Stoliezka,  and  consequently  the  equivalents 
of  the  slates  of  Dras  and  Tiinkse.  It  will  be  noticed  that  the  strike  of  the 
altered  Rupsu  Silurians  is  continuous  with  that  of  the  unaltered  Silurians  of 
Lama  Xuru,  and  the  two  probably  belong  to  the  same  band. 

To  the  south-west  of  the  Silurians  of  Rupsu  the  Carboniferous  rocks,  which, 
as  wo  have  seen,  split  near  the  head  of  the  Markha  river,  form  a  continuous^ band 
of  nearly  the  same  width,  which  I  have  traced  to  the  south-east  of  the  IvLuig- 
Chii  plain,  whence  the  same  band  has  been  traced  by  Dr.  Stoliezka  in  a  south¬ 
easterly  and  southerly  direction  into  Sjjiti,  and  which,  as  before  said,  to  the  south¬ 
west  of  Tso  Moriri,  underlies  the  Lilang  limestone. 

At  Kiang-Chutho  Carboniferous  rocks  consist  of  shales,  frequently  containing 
crystals  of  pja-itc,  like  those  of  Kio,  and  alternating  with  large  lenticular  masses 
of  blue  quaidziferous  limestones ;  these  arc  succeeded  by  banded  limestones, 
alternating  with  highly  carbonaceous  shales.  These  shales  continue  for  some  di.s- 
tance  in  a  V-shaped  hollow  up  the  valley  leading  to  the  Lachi-Long  La;  they  are 
succeeded  by  blue,  buff,  and  white  limestones  and  dolomites  which,  with  the  occa¬ 
sional  exceptions  of  small  patches  of  carhonifcroiis  shales  appearing  beneath  them 
in  the  valleys,  continue  to  near  Lingti.  Near  the  top  of  the  Lclchi-Long  pass 
there  seems  to  be  an  anticlinal  of  Carboniferous  shales  undoilyirig  the  dolomites. 
In  these  limes! ones  and  dolomites  there  arc  seen  numerous  sections  of  Me<jnlodon 


'Horn.  Ocol.  Surv.  Iiutui,  Vol,  V.,  p.  313. 
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and  Bicerocardmvi,  and  most  of  the  rocks  may  kc  taken  as  tko  equivalents  both 
of  the  Lilang  and  Para  limestones  :  ‘  fragments  of  a  Lima  arc  not  uncommon  ; 
and  corals  and  crinoids  arc  extremely  common  in  those  rocks.  The  thickness  of 
this  dolomitic  series  is  at  least  3,000  feet  near  the  Lachi-La.  In  the  Lingti  valley 
the  Para  limestone  with  Bicerocanlmvi  occupies  the  upper  part  of  the  hills, 
underlaid  by  the  Lilang  limestone ;  the  rocks  have  hero  nndorgono  immense 
contortions  and  foldings.  To  the  south-west  of  Lingti  the  Triassic  rocks  aro 
underlaid  by  blue  and  reddish  shales,  with  white  qnartziics  and  blue  limestones: 
from  their  position  and  composition  I  have  little  doirbt  but  that  they  ai’c  mainly 
Cai’boniferous  ;  patches  of  similar  rocks,  with  Vmhictus  and  Sf  rifoi',  wore  noticed 
by  Dr.  Stoliczka^  to  the  south-east  of  Lingti  (Tsiirap  valley),  underlying  tbe 
Lilang  limestone  near  Lamagnru  (Yuroo.  Stoliezka).  I  have  ti’accd  the  Carboni¬ 
ferous  and  Triassic  rooks  a  considerable  distance  to  the  north-west  of  Lingti,  and 
they  aro  doubtless  continuous  with  the  corre.sponding  rocks  near  Zangla,  mapped 
by  Dr.  Stoliezka,  overlying  the  Silurians  of  Padam. 

To  the  south-east  of  Lingti,  Dr.  Stoliezka^  observes  that  above  the  Lilang 
limestone  at  the  bottom  of  the  valley,  the  gTeator  part  of  the  Tsarap  valley  con¬ 
sists  of  the  Pai’a  limestone  full  of  Diceroaardiwn  hiinalayonse  and  Bleg  alodou 
telqueter.  The  Para  limestone  in  this  district  is  of  a  light-blue  color,  with  a 
marbling  of  white  ;  it  is  very  different  from  the  white  dolomites  of  the  Dras  river, 
which  Dr.  Stoliezka  correlates  with  it ;  the  Triassic  rocks,  however,  appear  to 
me  to  vary  very  considei'ably  in  composition.  In  the  ujipcr  part  of  the  Tad- 
rap  valley,  according  to  Dr.  Stoliezka,  the  higher  hills  consist  of  the  lower 
Tagling  limestone  (lower  Lias  ?)  with  TercbmtulcE  and  RlignehonelJce  :  the  sum¬ 
mit  of  the  Paugpo-Ld  consists  also  of  the  same  limestone,  while  the  higher  ridges 
near  the  pass  ai’c  cap2>cd  with  Spiti  shales,  and  Gieumal  sandstones  (upper  Juras¬ 
sic)  ;  and  fragments  of  the  Chikkim  (Cretaceous)  limestone  were  also  found  in 
the  neighbourhood ;  these  rock.s  must  apparently  rest  uuconformably  on  the  lower 
Tagling.  To  the  north  of  the  Pangjjo-La  the  lower  Tagling  limestone,  accord¬ 
ing  to  the  same  authority,  forms  the  prevailing  rock,  underlaid  for  a  short  dis¬ 
tance  by  the  Para  limestone,  which  appears  to  bo  greatly  dovelof)ed  to  the  south¬ 
east.  Near  Khiang-Shisha  the  limestone  belongs  chiefly  to  the  Lilang  group,  and 

*  There  may  probably  be  reiiresentatives  of  the  lower  Lias  (lower  Tagling)  on  some  of  the 
liighor  hills.  On  l)age  38  of  volume  XXII  of  the  Quarterly  Journal  of  the  Geological  Society, 
Mr.  Davidson  in  describing  some  fossils  collected  by  Colonel  (then  Captain)  Godwin-Austen, 
mentions  some  Brachiopods,  said  to  have  been  obtained  in  a  light  gray  limestone  “  neiu"  Lacholung- 
La,  north  side,  in  the  Suru  country  in  Thibet.”  In  Suru  there  is  no  Lacholung-La  that  I  am 
aware  of,  and  I  think  the  place  referred  to  must  be  the  Laohi-Long  La  in  llupsu.  Tlie  said 
fossils  aro  either  Jurassic  or  Cretaceon.s,  and  if  the  above  determination  of  loc.ality  be  correct, 
rocks  of  one  or  other  of  these  systems  must  occur  probably  on  the  higher  peaks  around  the 
Lachi-Long.  The  crest  of  the  pass  shows  carbonaceous  shales  in  an  anticlinal  which  I  think  are 
certainly  Carboniferous,  and  undoubted  Trias  rocks  with  Megulodon  occur  near  by.  If  tlie  patches 
of  jiewer  rocks  exist  near  the  |)ass,  they  would  be  on  the  strike  of  similar  rooks  noticed  by 
Stoliezka  on  the  heights  above  the  Pangpo  La. 

^  Mem.  Geo.  Surv.  of  India,  Vol.  V,  p.  342. 

^  Ibid, — I  was  prevented  by  want  of  supplies  from  examining  tins  country  mere  closely. 
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is  iindevlaid  to  the  north-east,  as  noticed  above,  by  the  Carboniferous  series,  which 
again  overlies  the  metamorphio  Sihn’ians  of  Enpsn. 

In  the  map  accompanying  this  paper  the  whole  of  the  great  limestone  series 
above  the  Carboniferous,  from  the  Lilang  to  the  lower  Tagling  limestone,  is 
colored  of  one  tint,  and  may  be  called  the  Trias- Jura.  Owing  to  the  variations  in 
the  mineralogical  characters  of  these  rocks,  to  the  general  absence  of  fossils,  to  the 
enormous  contortions  which  the  rooks  have  undergone,  and  lastly,  but  not  leastly, 
owing  to  the  difficult  nature  of  the  gi-ound,  and  the  short  time  that  one  can 
spend  in  these  inhospitable  regions,  it  would  be  quite  impossible  to  map  the 
different  outcrojjs  of  each  of  the  separate  groups.  Near  Lingti  the  rocks,  which 
I  consider  as  the  Carboniferous,  arc  underlaid  by  a  great  thickness  of  hard  dark 
slates,  quartzites,  sandstones,  jaspideous  rocks,  and  the  slaty-sandy  trappoid 
rock  of  the  Dras  river.  These  rocks  which  may  be  traced  across  the  Baralacha 
pass  into  Lahiil,  I  have  also  traced  to  the  north-west  into  the  Silurians  of  Padam 
and  Zangla  which  rest  upon  the  gneiss  of  the  Zanskar  range,  and  continue 
thence  to  join  the  slaty  rocks  of  Dras,  to  the  south-east  these  rocks  are  con¬ 
tinuous  with  the  fossiliferous  Silurians  of  the  Bhnbeh  pass  and  Muth. 

Speaking  of  thegi’eat  slate  series  at  Lingti,  Dr.  Stoliezka  observes',  “Any  one 
acquainted  with  the  rocks  of  the  Muth  series  in  the  Pin  valley  would  find  all 
these  represented  here,”  and  speaks  of  the  lo'wor  beds  as  corresponding  with 
his  Bhabeh  group  (lower  Silurian). 

Xear  Lingti  the  rocks  are  veiy  horizontal,  and  the  summits  of  the  ranges  are 
capped  by  shales,  blue  limestones,  and  white  and  purple  quartzites  and  sandstones. 
Some  of  these  limestones  and  sandstones  seem  to  me  to  be  probably  of  Carboni¬ 
ferous  age,  as  they  correspond  to  similar  rocks  at  Pangong,  and  also  to  rock 
specimens  in  the  Indian  Museum  from  the  Carboniferous  series  near  Muth :  the 
lower  beds  are  probably,  however,  upper  Silurian,  since  Dr.  Stoliezka  found 
a  fragment  of  an  Ortlis  in  similar  rocks  to  the  west  of  the  Baralilcha  (Baralatse) 
pass.  The  upper  Silurians  and  Carboniferous  (Miith  and  Kuling)  in  thhi  district 
and  Spiti  (as  I  judge  from  rock-specimens  in  the  Indian  Museum  collected  by 
Dr.  Stoliezka)  seem  frequently  to  be  very  similar  in  mineral  composition,  and  it 
requires  a  full  series  of  fossils  to  separate  them  distinctly.  The  blue  patches  on 
the  map  in  this  district  must  be  considered  as  only  approximately  of  Carboniferous 
age,  they  mainly  serve  to  indicate  the  distribution  of  the  light-colored  quartzites 

and  shales  on  the  top  of  the  older  slates. 

On  the  Bhnga  river,  some  miles  below  the  village  of  Darcha,^  the  Silurian  slate 
series  is  underfaid  conformably  by  distinctly  stratified  granitoid  gneiss  ^  which 
Dr.  Stoliezka  recognised  as  his  so-called  “central  gneiss,”  and  which,  he  says, 
underlies  undoubted  Silurians. 

This  gneiss  forms  the  southern  limit  of  the  Ladak  and  Zanskar  basin,  but 
may  be  treated  of  here.  To  the  north-west  this  gneiss  is  continuous,  with  the 
great  mass  of  gneiss  of  the  Zanskar  range  and  Suru,  which  I  described  in  a 

*  Mom.  Geol.  Surv'.  of  India,  Vol.  V,  p.  34-1. 

-  For  this  orea  see  my  map  puhlislied  in  the  eleventh  volume  of  the  Records,  p.  85. 

*  lu  a  previous  paper  (Rec.  Oeol.  Surv.  India,  Vol.  XI,  p.  55)  lullowing  Dr.  Stoliezka,  t  is 
gneiss  was  stated  to  occur  at  Darcha  itself. 
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former  paper,'  but  which  I  could  not  then  certainly  determine  to  be  the 
“  central  ”  gneiss  according  to  Stoliezka’s  identification,  this  gneiss  may  now  be 
considered  as  of  pre-Silurian  age,  and  in  this  district  as  having  been  altered  out 
of  an  older  and  conformable  slate-series,  unless  some  hidden  unconformity  should 
exist. 

The  rocks  on  the  southern  flanks  of  this  gneiss  ridge  will  be  treated  of  in  the 
next  section,  and  their  general  relations  in  the  last  section. 

lY. — Rocks  of  South  Lahul  axd  Kulu. 

To  the  south  of  the  gneiss  ridge  of  Lahul,  we  find  an  ascending  series  of  slates, 
with  a  general  south-westerly  dip.  Kear  the  junction  of  the  Chandra  and  Bhaga 
rivers,  we  find  blue  limestones,  with  carbonaceous  shales,  and  a  few  pale  sand¬ 
stones,  capping  the  slates  in  the  angle  between  the  two  rivers.  To  the  south  a 
larcre  mass  of  the  same  limestone  and  other  rocks  overlies  the  slates  with  a  south- 
erly  dip,  and  appears  to  be  itself  again  overlaid  by  the  same  slates.  The  lime¬ 
stones,  on  a  more  careful  examination,  are,  however,  seen  to  be  folded  back  on 
themselves,  and  it  appears  probable  that  they  form  a  synclinal,  the  slates  on  the 
southern  side  of  the  synclinal  having  been  bent  over  and  inverted  on  the  lime¬ 
stones  :  from  their  physical  characters  there  can  be  no  doubt  but  that  these 
limestones  are  the  same  as  the  limestones  of  Xorth  Lahul,'  which  are  probably 
partly  upper  Silurian  and  partly  Carboniferous. 

The  Silurian  slates  of  the  Bhaga  and  Chandra  rivers  I  have  previously 
traced®  into  Pangi  to  the  north-west,  and  for  some  distance  to  the  south-east. 
Xear  the  village  of  Kokser  on  the  Chandra  there  occurs,  at  the  ba.se  of  an  anti¬ 
clinal  in  the  slate  series,  some  very  massive  gneiss,  which,  I  think,  is  in  all  prob¬ 
ability  the  same  as  the  central  gneiss  of  Xorth  Lahul.  This  gneiss  is  overlaid  by 
alternations  of  gneiss,  micaceous  rocks  and  slates,  most  of  which  appear  to  pass 
directly  into  the  slates  underlying  the  higher  Hmestone,  and  which  would,  there¬ 
fore,  seem  to  be  altered  Silurians.  These  rocks  continue  across  the  Rotang  pass 
anddowm  the  Beds  valley  nearly  to  the  town  of  Xaggar.  Some  of  the  gneiss  is 
verv  massive,  and  in  many  cases  seems  to  overlie  the  slate-series ;  this,  however, 
may  be  due  to  inversion,  and  it  seems  to  me  probable  that  some  of  thi.s  gneiss  is 
“central”  gnenss,  while  some  has  almost  certainly  been  altered  out  of  the  overly¬ 
ing  Siluidan  slates.  The  series  is,  however,  so  involved  that  I  was  not  able  to 
mark  out  any  bands  as  of  a  fixed  position. 

To  the  south  of  Yaggar  we  have  generally  slates  and  .sandstones  till  we  reach 
the  infra- Krol  and  Krol  groups  of  ilr.  Medhcott  near  Bajoura,  which  have  been 
already  described  by  him,*  and  to  which  I  shall,  therefore,  not  refer  on  the  present 
occasion. 

'  Eec.  Geol.  Surv.  India,  Vol.  XI,  p.  53. 

-  In  a  former  paper  (Rec.  Geol.  Snrv.  India,  Vol.  XI,  p.  51)  I  thought  from  their  apparently 
lying  among  the  slates  that  these  limestones  formed  part  of  the  lower  t'ilurian  series. 

^  Hec.  Geol.  Surv.  India,  I  ol.  XI,  p.  55. 

■'(“ilem.  Geol.  Surv.  India,  Vol.  Ill,  pt.  2,  p.  57. 
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V. — Summary  and  General  Conclusions. 

I  now  proceed  to  bring  to  notice  some  considerations  regarding  the  general 
relations  of  the  Ladak  rocks  to  the  rocks  of  the  neighbouring  Himalaya.  In  so 
doing  I  shall  take  the  rocks  in  their  geological  sequence. 

1.  The.  Tertiaries. — Those  rocks  have  been  sufficiently  treated  of  in  the  section 
devoted  to  them.  I  have  only  to  bring  to  notice  the  very  remarkable  resemblance 
in  minoralogical  character  which  exists  between  those  rocks  and  the  correspond¬ 
ing  Eocene  (Subathu)  rocks  of  the  outer  Himalaya.  Wo  have  good  reason  to 
believe  that  those  two  groups  of  rocks  wore  deposited  in  perfectly  distinct  basins, 
and  we  can,  therefore,  only  conclude  that  this  resemblance  in  minoralogical 
characters  is  due  to  the  Eocenes  of  both  regions  having  been  deposited  under  very 
similar  physical  conditions,  and  to  their  materials  having  been  derived  from  the 
disintegration  of  very  similar  rocks.* 

2.  The  Cretaceous. — As  only  small  patches  of  cretaceous  rocks  occur  in  the 
area  under  consideration,  which  I  have  not  seen  myself,  I  have  no  remarks  to 
make  concerning  them. 

3.  The  Trias-Jura  and  Carhomferous. — The  Triassic  and  Jurassic  rocks,  with 
which  the  Carboniferous  are  often  closely  associated,  in  this  area  of  the  Himalaya 
occupy  three  main  elliptical  basins,  vis.,  that  of  Dras  and  Tilel,  that  of  Zauskiir 
and  Ladak,  and  that  of  Kashmir  proper,  while  other  outlying  masses  of  the  same 
rocks  occur  in  the  Chang-Chenmo  valley,  and  probably  (though  the  coiTelation  is 
not  certain)  in  the  outer  hills.  In  the  western  part  of  the  area  the  Trias  and  the 
Carboniferous  seem  to  bo  very  closely  connected  with  each  othci’,  and  (especially 
in  Kashmir)  it  is  frequently  very  difficult  to  distinguish  between  the  two,  and, 
as  I  have  said  in  my  last  paper,  some  of  the  rocks  mapiacd  as  Carboniferous  may 
really  be  Trias,  although  as  the  upper  beds  arc  unfossiliferous,  and  of  the  same 
mineral  character  as  the  lower’,  except  occasionally,  it  is  difficult  to  distinguish 
them.  No  traces  of  the  Jurassic  rocks  have  been  noticed  in  Kashmir  or  Tilel. 

In  the  Zanskar  and  Ladak  basin,  the  Carboniferous  is  very  distinct  from  the 
Trias,  and  according  to  Dr.  Stoliezka,  there  is  sometimes  local  unconformity 
between  the  former  and  the  upper  groups  of  the  latter :  it  may  be  that  the  lower 
Trias  is  represented  in  Kashmir  and  Tilel,  which  would  cause  the  gi’cater  union 
of  the  Carboniferous  and  Trias  in  those  districts. 

In  Spiti  -Jurassic  rocks  are  exti’emoly  prevalent,  while,  as  far  as  I  can  judge, 
they  appear  to  become  less  and  le.ss  developed  as  we  approach  the  north-western 
extremity  of  the  Zanskar  and  Ladak  basin  ;  Cretaceous  rocks  are  also  well  deve¬ 
loped  at  the  south-eastern  extremity  of  this  basin,  and  are  represented  only  by 
patches  here  and  there  towards  the  central  part.  It  would  thus  ajipear  that  in  the 
north-western  portion  of  our  area  the  rocks  of  these  basins  arc  older  than  many 
of  those  to  the  south-east,  there  being  a  gradual  increase  in  the  proportion  of 
Trias,  Jura,  and  Cretaceous  as  -we  travel  from  Kashmir  to  Spiti. 

The  Trias-Jura  in  these  basins  is  generally  characterised  by  the  great  pre- 

>  It  may  possibly  bo  Ibat  tbo  ludus  .lud  outer  lUmiilayan  Eoceues  were  deposited  iu  two  arms 
of  a  sea  coiiucctiiig  the  two  to  the  westward. 
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valence  of  whitish  dolomites  and  dolomitic  limestones,  often  locally  alternat¬ 
ing  with  poikilitic  shales  and  slates,  the  relative  doveloj^ment  of  which  varies 
considerably  in  difEorent  districts.  The  Zoji-La  slates  ‘  still  remain  a  puzzle 
to  me,  as  I  cannot  correlate  them  with  any  of  the  Ladak  rocks,  though  I  still 
think  those  nearest  the  Trias  arc  newer  than  it,  from  the  evidence  of  the  Panj- 
tami  section.  Some  of  the  metamorphic  rocks  in  the  centre  of  the  ellipse  must, 
however,  I  think,  ho  older,  though  it  is  extremely  puzzling  to  imagine  how  they 
are  related  to  the  other  rocks,  and  the  country  is  so  rugged  and  difficult  of 
access  that  it  will  he  very  hard  to  come  to  any  precise  conclusion. 

In  most  parts  of  Zanskar,  Ladak,  and  Tilol  the  rocks  above  the  Carboniferous 
form  one  continuous  geological  series,  characterised  by  the  great  prevalence  of 
dolomites  and  limestones ;  except  towards  Spiti,  fossils  arc  very  rare,  and  the 
whole  naturally  presents  a  combined  Trias-Jura,  as  in  America.  Had  no  fossils 
been  found  in  any  of  these  strata,  and  wore  geological  nomenclature  to  have 
originated  in  tliis  district,  the  whole  rock-series  would  be  classed  as  one  great 
system. 

The  great  geological  unity  in  many  districts  of  the  whole  series,  from  the 
Cai’boniferous  to  the  Jura,  is  a  point  on  which  I  desire  to  lay  great  stress,  as  indi¬ 
cating  the  different  results  arrived  at  by  purely  stratigraphical,  on  the  one  hand 
and  purely  palaeontological  geology,  on  the  other. 

The  Carboniferous  rocks  vary  considerably  in  mineralogical  composition  :  in 
many  parts  of  the  valley  of  Kashmir  they  consist  of  pure  blue  limestones,  full 
of  characteristic  fossils ;  while  in  other  districts  of  Kashmir  and  elsowhoro,  they 
consist  mainly  of  alternations  of  shales,  slates,  and  limestones,  very  frequently 
containing  crinoids  and  carbonaceous  matter,  and  at  other  times  quite  unfos- 
siliferous. 

From  the  occurrence  of  the  Carboniferous  and  Triassio  series  generally  in 
synclinal  ellipses,  with  their  longer  axes  coincident  with  the  normal  strike  of 
the  Himalayan  rocks,  together  with  the  generally  uniform  mineralogical  cha¬ 
racter  of  the  Ti’ias,  I  think  it  almost  certain  that  those  rocks  once  extended  con¬ 
tinuously  over  the  whole  aroa.^  It  may  bo  that  from  the  varying  composition 
of  the  Carboniferous  scries  these  rocks  were  deposited  in  a  shallower  sea  than 
those  of  the  Trias. 

From  the  occurrence  of  no  rocks  newer  than  the  Cretaceous,  and  from  the 
vast  amount  of  denudation  wffiich  must  have  taken  place  to  remove  the  Jura  and 
Trias  from  such  large  areas,  I  am  greatly  inclined  to  believe  that,  with  the  excep¬ 
tion  of  the  Indus  valley  and  a  band  along  the  outer  hills,  this  area  has  been 
land  continuously  since  the  Cretaceous  epoch. 

During  the  past  season  I  have  for  the  first  time  had  an  opportunity  of  seeing 
the  Krol  limestone,  and  desire  to  add  a  few  words  to  my  previous  conclusions 
regarding  it.  It  will  be  remembei'ed  that  I  have  described  a  band  of  limestone 
and  other  rocks  running  along  the  outer  foot  of  the  Pir  Panjal  range®  under 

*  Roc.  Geol.  Snrv.  India,  Vol.  XII,  p.  17. 

^  I  desire  to  retract  an  opinion  previously  expressed  (Rec.  Gcol.  Surv.  India,  Vol.  XI,  p.  18)  that 
the  Carbonirerons  rocks  were  doiiosiled  in  separate  basins. 

“  Rec.  Geol.  Surv.  India,  Ihl.  IX,  p,  ICO. 


56 


lleconh  of  the  Gaulogical  Hiii'oey  of  Inita. 


[voL.  XIll. 


the  name  of  tlie  Kiol  series,  which  I  have  regarded  as  the. representative  of  the 
tJarhoniferons.  This  limestone  band  I  have  also  considered  to  be  almost  certainly, 
from  its  composition  and  position,  to  be  the  equivalent  of  the  inverted  band  of 
Krol  limestone  running  along  the  foot  of  the  lower  Himalaya  in  the  Simla  dis¬ 
trict,  and  these  oirinions  I  still  hold  to. 

I  at  the  same  time  considered  that  the  whole  of  the  limestones  capping  the 
slates  in  the  Simla  district,  which  are  pi’esumed  to  be  the  same  as  the  Krol 
of  the  foot  of  the  mountains,  to  be  also  of  Cai'boniferous  age.  An  inspection  of 
these  Simla  limestones,  with  their  irnderlying  Blaiui  rocks  and  Simla  slates,  has 
shown  me  that  they  agree  so  closely  with  the  Carboniferous  and  Silurians  of 
Lahul,  that  I  am  most  strongly  confirmed  in  my  opinion  that  the  slates  are  of 
Silurian,  and  at  all  events  the  lower  lime.stones,  of  Carboniferous  age.  Mr.  Med- 
licott,*  in  describing  the  infra- Krol  rocks,  notices  in  them  the  great  prevalence  of 
a  carbonaceous  element,  and  in  the  overlying  Ki-ol,  of  limestones  underlain  by 
quartzitic  sandstones.  In  both  these  chai’acters  the  rocks  in  question  agree 
exactly  with  the  presumably  Carboniferous  rooks  of  North  Lahul. 

The  Krol  limestone  is,  however,  so  much  thicker  than  the  Carboniferous  of 
Lahul  and  Ladak,  that  I  now  incline  to  the  opinion  that  the  upper  prart  of  it  is 
})robably  the  representative  of  the  Trias  of  those  districts.  The  characteristic 
dolomite  is,  however,  wanting,  and  in  the  absence  of  fossils  we  have  no  means  of 
sub-dividing  the  Krol.  I  have  already  stated  my  opnnion  that  the  enormously 
thick  limestones  of  Kashmir  may  be  the  rep)rosentatives  of  both  Cai-boniferons 
and  Trias,  and  I  now  extend  this  opinion  to  the  Simla  Krol  limestone  and  the 
Great  limestone  of  the  outer  hills.  In  Kashmir,  as  I  have  noticed  above,  the 
Carboniferous  and  Triassic  series  are  generally  so  closely  related  that  it  is  often 
difficult  to  draw  any  hard  and  fast  boundary  between  them,  and  since  they  often 
vary  locally  to  a  very  considerable  extent  in  miner alogical  composition,  there 
would  be  nothing  extraordinary  in  their  being  still  more  indistingui.shably  blend¬ 
ed  together  in  a  region  some  distance  away.  According  to  this  view  the  infra- 
Kr-ol  carbonaceous  shales  would  probably  be  Carboniferous  (with  which  rocks  in 
Ladak  they  correspond  in  composition  to  a  considerable  extent),  and  both  upper 
and  lower  Trias  and  upper  Carboniferous  may  be  represented  in  the  Krol.  Some 
of  the  shales  in  the  Kiol  are  much  like  those  of  the  infra-Krol. 

4.  The  Sihirian. — The  past  season’s  work  has  rendered  an  important  contribu¬ 
tion  to  the  geology  of  this  part  of  the  Himalaya,  in  confirming  the  conclusions 
])reviously  arrived  at  as  to  the  Silurian  age  of  the  great  slate  series.  The  key 
to  this  problem  lies  in  the  Spiti  di.strict,  where  these  slates  contain  Silurian 
fossils,  and  undeidie  conformably  the  Carbo-Triassic  rock  series,  and  overlie  the 
“  central”  gneiss.  From  Spiti  these  Silurian  slates  may  be  traced  through  Zans- 
kar  to  Dras  and  thence  to  Tilel,"  where  I  have  elsewhere  shown  that  these  slates 
are  the  equivalents  of  those  of  the  Kashmir  valley,  the  Pir  Panjal  and  the  Kisht- 
war  district.  The  slates  of  Pangi,^  from  their  i-elations  to  the  gneiss,  must  in  all 
probability  be  of  contemporaneous  age. 

'  M.iiuial  of  ttcologv  of  ImVm.  p.  fiOO. 

■-  lice.  Gcal.  Surv.  India,  Vol.  XII,  p.  20. 

3  Ibid.,  Vol.  XI,  p.  5t. 
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The  slates  of  Lama-Yuru,  Tankse,  the  Pangong  Lake,  and  the  Chang-Chenmo 
valley,  from  their  similarity  in  mineral  composition  to  those  of  the  Dras  river 
are  likewise  inferred  to  he  of  the  same  age,  which  inference  is  strengthened  hy 
the  slates  of  Pangong,  which  can  he  traced  into  connection  with  those  of  Tankse, 
underlying  strata  of  presumed  Carboniferous  age. 

The  slates  and  gneiss  of  Rupsu,  which  likewise  underlie  Carboniferous  strata, 
must  also  be  placed  on  the  same  horizon. 

6.  The  lower  gneiss. — In  the  foregoing  sketch  it  has  been  shown  that  the 
gneiss  of  the  Kailas  range  conformably  underlies  a  large  thickness  of  slates, 
which  seem  to  correspond  approximately  in  position  to  the  Silurian  :  following 
the  same  system  of  nomenclature,  such  gneiss  may  be  termed  Cambrian  gneiss 
as  consisting  of  a  distinct  geological  formation.  It  has  further  been  shown  on  a 
previous  occasion,'  that  the  gneiss  of  the  Zanskar  range  and  of  Kashmir  is  simi¬ 
larly  sitvrated  in  regard  to  the  slates  of  those  districts,  which  are  also  classed  as 
Silurian  ;  there  is,  therefore,  considerable  primd  facie  evidence  that  all  this  gneiss 
is  contemporaneous. 

It  now  remains  to  consider  whether  any  or  all  of  such  gneiss  is  equivalent  to 
the  “central”  gneiss  of  Dr.  Stoliczka.  It  aj)pears  from  the  sections  of  the  gneiss 
and  Silurians  in  the  Spiti  district,  where  the  “  central  gneiss”  was  first  named, 
that  that  gneiss  is  unconformable  to  the  Bhabeh  Silurians,  though  this  is  not 
clearly  stated  in  the  text :  if  this  be  true,  the  central  gneiss  existed  as  such  at  the 
time  of  deposition  of  the  slates  Dr.  Stoliczka,  however,  himself  recognised  the 
gneiss  of  North  Lahul  as  “central  gneiss,”"  and  also  suggested  that  some  of  the 
gneiss  of  the  Zanskar  range  to  the  south  of  Padam  and  Sum  belonged  to  the 
same  formation.  No  evidence  of  unconformity  can  be  seen  in  this  section. 

It  has  been  noticed  in  my  paper  on  the  gneiss  of  the  Zanskar  range "  that 
possibly  some  portion  of  the  latter  was  gneiss  at  the  time  of  the  deposition  of  the 
Silurians;  and  it  was  suggested  that  such  gneiss  might  bo  the  equivalent  of  the 
“  central  gneiss.”  It  was  also  shown  on  that  hypothesis  that  the  gneiss  in  North 
Lahiil  identified  by  Dr.  Stoliczka  as  “  central  gneiss,”  must,  if  rightly  identified, 
be  unconformable  to  the  overlying  Silurians.  But  until  the  conformity  or  uncon¬ 
formity  of  the  central  gneiss  is  elsewhere  settled,  it  cannot  bo  settled  here. 

It,  therefore,  seems  pretty  clear  that  the  “  central  ”  gneiss  is  represented  in 
the  ZanskSr  range,  but,  as  I  have  said  in  my  above  quoted  paper,  how  much  or 
how  little  of  such  gneiss  is  “  central  gneiss  ”  cannot  be  determined.  Similarly, 
in  the  Kailas  range,  it  is  probable,  in  my  opinion,  that  the  lower  massive  gneiss 
may  be  the  central  gneiss,  and  therefore  unconformable  to  the  higher  gneiss 
beds,  if  the  central  gneiss  is  always  so :  how  much  or  how  little  of  the  conti’al 
gneiss  occurs  there  I  cannot  possibly  say.  As  in  my  other  maps,  the  whole  of 
the  gneiss  underlying  the  Silurian  slate  series  has  been  colored  the  same  tint,  and 
has  been  called  central  gneiss ;  this  gneiss  must,  however,  include  both  the  gneiss 
conformable  and  that  unconformable  to  the  slates  (if  there  be  such)  and  migh  t 
rather  have  been  called  Cambrian  and  central  gneiss. 

’  Eec.  Geol.  Surv.  India,  Vol.  XI,  p.  59. 

^  Mem.  Geol.  Surv.  India,  Vol.  V,  p.  341.  llec.  Geol.  Surv.  India,  Vol.  XI,  p.  59, 

*  Kec.  Geol.  Surv.  India,  Vol.  XI,  p.  60. 
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The  enormous  thickness  of  slates  overlying  the  gneiss  in  Pangi  and  in  Chang- 
Chenmo  appears  to  me  to  be  at  least  as  thick  as  the  slates  in  the  Bliabeh  section. 
It  would,  therefore,  seem  on  the  unconformity  hypothesis  that  such  gneiss  as  con¬ 
formably  underlies  the  Silurians,  and  which  I  call  Cambrian  gneis.s,  is  unrepre¬ 
sented  in  that  section.  How  thick  or  how  thin  this  conformable  Cambrian  gneiss 
may  be,  or  whether  it  is  the  same  as  the  central  gneiss,  I  cannot  say.  In  other 
])laces,  where  the  slate  series  is  thinner,  some  of  the  great  underlying  gneiss 
series,  as  I  have  said  in  my  previous  papers,  may  correspond  to  part  of  the  Silu¬ 
rians  of  the  Bhabeh  section. 

I  have  already  stated  that  the  gneiss  of  the  Kailas  range  dii)S  to  the  north, 
and  that  the  oldest  beds  are  consequently  exposed  along  the  valley  of  the  Indus  : 
and  I  have  also  shown  that  when  the  Palroozoic  rocks  appear  along  the  valley  of 
the  Indus  beneath  the  Tertiaries  that  they  are  either  of  Carboniferous  or  upper 
Silurian  age.  We  may,  therefore,  pretty  safely  conclude  that  the  southern 
boundary  of  the  Kailas  gneiss  is  a  faulted  one. 

Dr.  Stoliezka  did  not  apparently  observe  the  relations  of  the  gneiss  of  the 
Kailas  range  to  the  ovordying  slates,  and,  apparently  identifying  it  with  the 
gneiss  of  Rupsu,  came  to  the  conchision  that  all  the  Ladak  gneiss  was  of  Silurian 
ao-e,  a  view  which  in  a  previous  paper*  I  accordingly  adopted,  before  I  had  per¬ 
sonally  examined  the  relations  of  the  rocks  hi  situ.  This  view  was,  of  course, 
adopted  in  the  “Manual  of  the  Geology  of  India With  regard  to  the  objec¬ 
tion  that  the  Ladak  gneiss  differs  in  composition  from  the  central  gneiss,  I  may 
state  that  I  have  elsewhere  ’’  shown  that  the  gneiss  of  Dras  is  frequently  granitic 
in  composition,  and  that  there  is  also  a  great  variety  in  the  coinjjosition  of  the 
Ladak  gneiss,  granitic  gneiss  being  not  uncommon  among  the  syenitic  varieties. 
The  presence  of  r’eins  of  albite  granite  in  the  gneiss  of  the  Kadas  range  in  the 
Chimray  valley  is  another  point,  as  far  as  it  goes,  connecting  this  gneiss  with  that 
to  the  south. 

A  general  survey  of  the  map  from  north  to  south  shows  a  series  of  gneissic 
ridges  (Uhaoladhar,  Pir-Panjal,  Z,anskar,  and  Kailas)  running  from  south-east  to 
north-west,  the  hollows  between  which  ridges  are  sometimes  occupied  by  nor¬ 
mally  overlying  Silurians,  and  sometimes  by  newer  rocks,  which  have  been 
faulted  down. 

Additional  Odskrvations. 

In  conclusion,  I  may  add,  that  I  have  lately  found  a  series  of  Carboniferous 
fossils  in  the  Indian  Museum,  which  were  sent  by  Mr.  F.  Drew,  and  wore  ob¬ 
tained  in  the  Wardwan  valley,  a  little  above  the  village  cf  Sukness.'’  These 
fossils  comprehend  the  characteristic  Carboniferous  Fcncsfclhp,  ProilurJi,  and 
Spirifers,  and  occur  in  a  black  shale  like  that  of  Eishmakara  in  the  Lidar  valley 
of  Kashmir.  Some  dolomitic  limestones,  also  sent  by  Mr.  Drew  from  a  point  still 
higher  up  the  Wardwan,  appear  to  belong  to  the  Trias. 

*  Kec.  Gcal.  Suvv.  India,  Vol.  XI,  p.  59. 

"  Page  653. 

liec.  Gcol.  Snrv.  India,  Vol.  XII,  p.  19. 

*  See  map  and  paper  liv  myself  in  “  Records/’  Vol.  XI.  Sukness  is  about  16  miles  north  of 
Insliin. 
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Near  Avantipur  in  Kaslirai'r,  I  found  this  season  some  Cai'boniferous  fossils 
in  the  higher  bods  of  the  trappoid  rocks,  showing  that  some  of  these  extend 
upwards  into  the  Carboniferous. 


Teeth  of  Fossil  Fishes  from  Ramri  Island  and  the  Punjab,  hi)  R.  Lydekkeu, 
B.A.,  Geological  Survey  of  India. 

Diodon. 

Among  the  collection  of  fossils  transferred  to  the  Indian  Museum  from  the 
Asiatic  Society  of  Bengal,  there  occurs  the  palatal  tooth  of  a  lish,  said  to  have 
been  obtained  from  Ramri  (Ramree)  Island,  oh’  the  Arakan  Coast,  by  Captain 
Foley.  This  tooth  consists  of  a  series  of  horizontal  and  oval  plates,  lying  ono 
above  another.  Rach  plate  is  divdded  by  a  vertical  line  into  symmetrical  lateral 
jjortions,  and  the  lowest  plate  seems  to  have  lately  separated  from  another  in¬ 
ferior  plate.  Superiorly  the  tooth  is  bevelled  away  by  an  oblii^ue  and  concaj  o 
surface  of  detrition,  exhibiting  a  section  of  the  edges  of  each  of  the  component 
plates.  The  longer  diameter  of  the  lowest  plate  is  1'2  inches,  and  the  shorter 
0'7  inch.  The  above  description  will  clearly  show  that  the  tooth  belongs  to 
the  genus  Diodon. 

A  jirecisely  similar  tooth  was  obtained  by  Mr.  Wood-Mason  at  Port  Blair, 
in  the  Andamans,  in  a  sandstone  rock. 

With  regard  to  the  age  of  the  deposits  from  which  these  teeth  were  olitaincd, 
it  appears  from  Mr.  Mallet’s  paper  on  the  “  Mud  A  olcanocs  of  Ramri  and  Chedu- 
ba,'”that  the  author  considers  the  Ramri  rocks  to  bo  of  IS  ummulitic  age: 
Mr.  Blanford,  in  the“AIanual  of  the  Geology  of  India,-”  also  classes  most  of 
the  Ramri  I’ocks  as  Niimniulitic,  but  thinks  that  some  on  the  eastern  side  of  tlio 
island  may  bo  of  cretaceous  age.  The  rocks  of  Port  Blair,  according  to  Air. 
Blanford,^  are  similar  to  those  of  the  Arakan  Yoma,  which  (p.  /Id)  are  also 
Cretaceous  and  N  ummulitic.  From  the  majority  of  the  rocks  in  Ramri  Island 
being  of  Nummulitic  age,  and  fi’om  Diodon  not  being  known  elsewhere  below 
the  Eocene,  I  think  it  most  probable  that  the  fossil  teeth  are  of  Is  ummulitic 
age. 

The  living  Globe  Fishes,  according  to  Dr.  Gray,’  are  inhabitants  of  all  the 
warmer  seas,  and  comprise  four  species,  of  wdiioh  D.  hydnx  alone  inhabits 
the  Indian  Ocean.  Of  the  latter  species  I  have  examined  a  small  specimen, 
some  10  inches  in  length.  In  that  specimen  the  teeth  are,  of  course,  much 
smaller  than  our  fossil  specimen,  but  as  the  living  .sjiecies  grows  to  a  very  large 
size,  no  distinction  can  be  drawn  on  these  grounds.  In  D.  hydr,x,  however, 
the  worn  surface  of  both  upper  and  lower  teeth  is  quite  flat,  while  in  the  fossil 

*  Rec.  Geol.  Surv.  of  India,  Vol.  XI,  p.  19C. 
p.  717. 

^  loc.  cit.f  p,  733. 

^  lirit.  ilus.  Cat.  of  FUbes,  Vol.  \  III,  p.  306. 
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tooth  this  surface  is  markedly  concave.  Owing  to  the  difficulty  of  seeing  the 
teeth  in  the  jaw  of  D.  hystrix,  I  could  not  institute  any  closer  comparison. 
I  have  no  opportunity  of  comparing  the  teeth  of  the  three  other  living  species 
with  the  fossil. 

Of  the  fossil  Diodons,  D.  tonuispinus,  from  the  Eocene  of  Monte  Bolca,  is  a 
small  species,'  while  our  fossil  is  a  large  one.  B.  scillis,'^  from  the  Tertiaries 
of  Southern  Italy,  seems  to  have  the  edges  of  the  plates  of  the  teeth  crenulated. 
The  teeth  of  D.  erinaceus "  seem  to  he  unknown.  The  teeth  of  D.  vetus,  from 
America,"  seem  to  have  had  triangular  plates.  A  Biodon  has  been  mentioned  hy 
Professor  L.  Adams  ®  as  occurring  in  the  Miocene  of  Malta,  hut  has  not  heen 
specifically  named. 

Although  I  cannot  he  certain  of  the  specific  distinctness  of  the  Ramri  fossil 
tooth,  I  yet  think,  that  as  it  seems  to  belong  to  a  distinct  species  from  the  species 
now  living  in  the  Indian  Ocean,  and  as  it  is  very  difficult  to  refer  to  specimens 
without  distinct  names,  I  shall  do  well  if  I  provisionally  call  the  fossil  Biodon 
foleyi,  after  the  discoverer  of  the  Ramri  specimen. 

On  page  35  of  the  3rd  part  of  the  1st  volume  of  the  IVth  series  of  the 
“  Palfeontologia  Indica,”  the  Ramri  tooth  is  referred  to  as  of  cretaceous  age. 

The  occurrence  of  the  fossil  Diodon  in  the  Eocenes  around  the  Bay  of  Bengal, 
and  the  existence  there  of  a  living  species,  would  seem  to  indicate  that  the 
genus  has  inhabited  the  Indian  Ocean  continuously  since  the  Eocene. 

Capitodtjs. 

The  genus  Capitodus  was  made  hy  Count  Munster  “  for  the  reception  of 
certain  jaws  and  teeth  of  fishes  from  the  Miocene  of  the  Vienna  basin.  Those 
fishes  were  furnished  with  palatal,  and  peculiarly  flattened  incisor  teeth.  Count 
Miinster  classed  them  among  the  Ganoids;  hut  M.  Agassiz  ’’  considered  that  they 
belonged  to  the  Sparoid  Teleosteans  (Breams  and  Sea-Breams),  which  seems  to 
be  the  more  probable  view.  Gctp)itodns  truncatus  has  been  subsec^uently  desci  ibed 
from  the  Miocene  of  upper  Silesia .“  I  am  not  aware  that  any  new  species  of  the 
genus  has  been  recorded  since  the  original  five  species  described  by  Miinster. 
Some  years  ago,  however,  Mr.  Wynne  sent  to  the  Indian  Museum  a  fish-tooth 
from  the  beds  overlying  the  nummulitic  salt  zone  of  Kohat,  which  by  Dr. 
Feistmantel  and  myself  has  been  determined  to  belong  to  the  genus  Capitodus. 
The  tooth  is  one  of  the  so-called  incisor  teeth,  and  has  a  broad,  laterally  expanded 
crown,  the  dentition  of  which  is  worn  obliquely  and  concavely  on  the  inner  surface. 
The  external  surface  is  coated  with  hard  shining  enamel,  and  is  convex  laterally ; 
the  base  of  the  crown  is  anchylosed  to  a  bony  pedicle,  which  must  once 

>  Pictet:  “Trnite  de  Pal^ontologie,”  Vol.  II,  p.  123. 

!  Ibid. 

’  Ibid. 

*  I.eUly  :  Pro.  Acad.  Nat.  Sci.,  Philadelphia,  Vol.  VII,  p.  397. 

‘  Quar.  Joni'.  Geol.  Soc.,  Vol.  XXXV,  p.  529. 

‘  Beitrage  zur  Petrefacten  kunde,  Bayreuth,  1839—46. 

’  Broun  :  Index,  Paleoiit.  Nomenclator,  p.  214. 

•  Uoemer  :  “  Geologie  von  Oherschlesieu,”  Breslau,  18/0,  pi.  XL\  111,  fig.  4. 
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have  joined  the  jaw.  The  width  of  the  crown  is  07  inch,  and  its  height 
0'4  inch. 

The  general  form  of  the  ci’own  of  this  tooth,  and  its  wear,  is  much  like  that 
of  the  incisor  of  Oapitodm  tr  uncat  us  ‘  ;  the  crown  is,  however,  proportionally  much 
wider  in  the  Indian  than  in  the  European  tooth.  The  other  European  species 
have  still  narrower  incisors.  The  Indian  tooth  belongs  apparently  to  a  distinct 
species,  which  I  propose  to  name  G.  indicus. 

The  strata  from  which  the  tooth  was  obtained  are  probably  of  upper  Eocene 
age.  The  genus  Capitodus  seems  to  be  closely  allied  to  the  living  Sparoid 
Sargiis,^  but  is  distinguished  by  its  broader  incisors.  The  Indian  species  carries 
the  genus  back  to  the  upper  Eocene. 


Note  on  the  fossil  genera  Noggeratlvia,  Stbg.,  Noggerathiopsis,  Estm.,  and 

Ehiptozamites,  Schmalh,  in  palj:ozoic  and  secondary  rocks  of  Europe,  Asia, 

AND  Australia,  hg  Ottokar  Feistmantel,  m.d.,  Palmntotogist,  Geological 

Survey  of  Lidia. 

In  my  Flora  of  the  Talchir-Karharbari  beds,  I  had  occasion  to  notice  wbat 
was  then  known  regarding  the  systematical  position  of  the  genus  Noggeratliia, 
and  also  to  show  the  reasons  why  I  thought  that  certain  leaves  of  the  Indian 
coal  beds,  described  as  Nvggerathia,  differ  from  this  genus  in  the  proper  sense ; 
I  accordingly  named  them  Noggerathiopsis,  leaving  them  wdth  the  Cycadeacea. 
At  that  time  I  could  not  refer  to  the  Australian  Noggeruthia  ;  but  later  exami¬ 
nation  and  comparison  have  shown  that  the  Australian  leaves,  also  called  Nog- 
gerathia,  do  not  generically  differ  from  the  Indian  Noggerathiopsis,  and  have 
therefore  to  be  also  classed  Avith  this  genus. 

In  India  the  leaves  seem  to  represent  one  species  only,  with  about  one  or  two 
varieties ;  they  are  knoAvn  from  (a)  The  Talchir-Karharbai  group,  and  (&)  from 
the  Raniganj-Kamthi  group. 

In  Australia  this  genus  is  known  to  begin  in  the  lower  coal-measures  (below 
the  first  marine  fauna),  from  which  I  described  one  species  as  Noggerathiopsis 
prisca.  It  is  more  numerous  in  the  upper  coal-measures  (Newcastle  beds),  from 
which  two  species  of  Noggerathia  w^ere  described  by  Dana ;  they  should  now, 
of  course,  be  classed  wdth  Noggerathiopsis. 

There  is  a  close  representative  of  this  genus  in  the  Siberian  Jura,  i.e.,  in  the 
Kusnezk  basin  of  the  Altai,  and  on  the  Lower  Tunguska  (tributary  of  the 
Yenissei  river).  From  the  foi-mer  place,  two  species  of  Noggerathia  were  describ¬ 
ed  by  Prof.  GbpperP  as  Nogg.  eequalis  and  N.  disfans,  and  the  formation  from 
which  they  came  was  supposed  to  be  Permian. 

Quite  recently,  however,  Mr.  Schmalhausen  has  published  a  short  paper  on 

“  Munster:  loc.  cit.,  Vol.  VII.  pi.  II,  fig.  2.  Roemer,  loc.  cit. 

Owen:  “Odontography,”  pi.  XLII. 

*  Tcbihatcheff  :  Voyage  dans  I’ Altai  orientale,  1845. 
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the  Jurassic  Floras  of  Russia,’  where  the  Flora  of  the  Kusnezk  basin  on  the  Altai 
is  described  as  an  undoubted  Jurassic  flora.  Regarding  the  two  mentioned  species 
of  Ndggerathia,  Mr.  Schmalhausen  says,  “  The  specimens  described  by  Gbjjpert 

N'djy.  dlskviis  and  iV.  ceiiualis  ai-e  apparently  leaflets  of  rt,  Ggcadeous  plant, 
related  partly  with  forms  of  Zaniia,  partly  with  Podozamites.  The  name  llliifo- 
zmnltes  is  jjroposod  for  the  same.”  They  arc  described  as  very  numerous ;  with 
them  occur  Fhgllotheoit,  Angdenimn  whithiense,  Bgt-,  sp.  var.  team,  Ozelianowskia 
r/puZ«,  Heer,  Piuits  nordenskidldi,  Heer,  Phdnicopsis  anjustlfolia,  Heer,  Saiuaropsis 
parvida  Heer,  and  also  Gingko,  most  of  which  occur  in  the  Jura  of  Eastern 
Siberia  and  the  Amur  countries.  Of  Ggcadeiioece,  the  following  were  found : 
Zainitas  inflexus,  Eichw.,  Podozamites  elckwaldi,  and  a  GtenoplujJlimi. 

The  genus  Bliiptozamites  is  equally  numerous  on  the  Tunguska  river. 

A  comparison  of  the  Indian  and  Australian  Nmjgeratliiopsls  with  the  original 
drawings  of  the  Altai  Ndjijeruthia  (Giipp.  1.  c.)  shows  that  they  are  remarkably 
close  to  one  another,  and  the  genus  liliiptozamites,  Schmalhausen,  is  <a  Jurassic 
representative  of  the  genus  Ndagerathiopsis,  which  in  Australia  begins  in  palffio- 
zoic  beds,  in  India  occurs  in  the  Talchir-Kai-harbari  and  Hamuda  divisions  of 
the  Gondwana  system  ®  and  in  Sibeiia  has  a  close  (if  not  generically  identical) 
representative  in  Jurassic  rocks. 

There  arc  now  especially  throe  gener’a  :  Plnjllotheca,  Pgi.,  GJossopteris,  Pgt., 
Noggeratliiopsis,  Fstm.  (and  Itliiptozamites,  Schmalh.),  which  begin  in  Australia 
in  palaeozoic  rocks,  and  pass  almost  unchanged  through  the  subsequent  forma¬ 
tions  into  Jurassic  rocks  in  India  and  Siberia. 

In  my  Flora  of  the  Lower  Gondwanas,  I  shall  treat  more  closely  of  this 
genus,  where  I  shall  also  refer  to  Count  Saporta’s  recent  pajjers  on  Ndjgerathia 
and  various  plants  included  in  this  genus  ;  ”  as  also  to  some  recent  observations 
on  the  fructification  of  the  Bohemian  Noggoratliia  foliosa,  Stbg.,  which  modify  to 
a  certain  extent  the  classification  given  in  Mr.  Saporta’s  paper.  ‘ 


Notes  on  fossil  plants  prom  Kattywar,  Shekh  Budin,  and  Siegujau 
bg  0.  Feistmanxel,  Palaeontologist,  Geological  Savvey  of  India. 

I.  Jurassic  plants  from  K.attitwar. 

In  1878,  Mr.  Fcdden,  while  surveying  a  portion  of  the  Kattywar  peninsula, 
collected  some  fossil  plants  preserved  in  a  friable  sandy  shale  of  purplish  grey 
color.  They  ai'e  only  very  fragmentary,  although  the  fragments  are  numerous 
enough ;  but  a.s  a  certain  interest  attaches  to  them,  I  think  it  worth  while  to 
name  them  and  discuss,  as  far  as  possible,  their  relations.  The  plants  were  found 
three-quarters  of  a  mile  north-west  of  Than,  Northern  Kattywar. 

’  Beitrage  zur  Jura  Flora  KussUuicts,  1879.  Melauges  physiques  et  chiuiiques,  Tome  XI, 
tire  (lu  Bull,  de  I’Acad.  Imp.  d.  seieiic.  d-St.  Petersburg,  t’ol.  XXV. 

2  Permo-Triassic— if  the  Talohirs  are  considered  as  representing  a  portion  of  the  Permian. 

3  Comptes  Renclus  des  Seances  de  I’Acad.  d.  Sc.,  tome  86,  1878. 

■'  While  this  short  note  was  passing  through  the  press,  I  received  Mr.  Schmalhausen’s  paper 
with  figures,  hut  too  late  for  notice.  1  shall  do  so  at  an  early  opportunity. 
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Filices. 

Group  of  Alethopteeis  whitbiensis,  Scliimp.  (Feistm.)  or  Asplenium 

wniTBiENSE,  Heer. 

There  is  oue  pinna  of  a  fern  -which  appai’ently  belongs  to  this  group  of  fossil 
plants,  but  it  is  one  of  the  more  slender  forms,  and  is  very  closely  related  to 
the  Jurassic  Asplenium  argutuhim,  Heer,'  which  also  is  to  be  included  in  the 
group  of  Alethopteris  ivhifbiensts. 

AletJwpterls  whithiensis  is  known  in  India,  especially  from  the  Jabalpur  and 
Umia  groups;  from  the  latter  I  have  figured  a  specimen  closely  resembling  that 
from  Kattywar. 


Ctcadeacej!. 

There  is  only  one  small  fragment,  which,  I  think,  belongs  to  the  genus 
rtiloplnjllum;  it  indicates  one  of  the  narrow-leaved  forms,  to  which  belongs 
Ptil.  var.  minimum,  Fstm.  from  Kach  (Cutch)  ;  the  same  was  also  found  in  the 
Sripermatur  group  of  the  south-east  coast  of  India. 

Coniperj: 

Representatives  of  this  Order  are  pretty  numerous,  especially  leaved  branch- 
lets  and  seeds,  although  the  former  in  no  large  specimens.  The  branchlets  appear 
to  me  to  belong  to  two  species. 

Palissya  jnhalpnrensis,  Fstm.  The  spiecimens  are  a  little  smaller  than  the 
original  form  from  the  Jabalpur  group. 

Tiixites  teiherriinns,  Fstm.  Several  specimens  are  certainly  to  be  referred  to 
this  form  of  the  Jabalpur  group. 

The  seeds  are : 

Araunarifos  culeliensis,  Fstm.  These  are  numerous,  of  various  sizes.  They  are 
known  from  the  Umia  group,  Jabalpur  group,  and  Sripermatur  group. 

Besides  these  coniferous  plants,  there  are  mrmerous  fragments  of  long  naiTow 
loaves,  with  a  central  vein  in  the  better  preserved  specimens.  My  belief  is,  that 
they  also  are  coniferee,  and  in  this  case  they  most  probably  belong  to  the  genus 
Pinas,  resembling  vei-y  much  Pinus  nordunskioldi,  Heer.'' 

A  comparison  of  these  fossil  plants  show.s  that  they  are  related  to  the 
flora  of  the  Jabalpur  group  by  the  jire.senco  of  Pnlissija  julmlpurensis  and 
Tiixites  fenerrimus,  Fstm ;  while  Arancarites  cutohensis,  Fstm.  is  common  to  the  florii 
of  the  Umia  and  Jabalpur  groups.  There  is  also  a  fern  corresponding  with  a  form 
from  Katch  and  a  fragmentary  portion  of  a  Ptilophyllum.  Those,  with  the  Arau- 
carites  cutcJiensis,  Fstm.,  would  correlate  this  flora  also  with  that  of  the  Umia 
group  in  Kach,  as  was  noticed  in  the  Annual  Report  of  the  Geological  Survev  of 
India  for  1878. 

'  Juraflora  Ost-Sil)iriens,  1876  (Flora  fossllis  arctica,  Vol.  IV,  1877),  Taf.  Ill,  fig.  7. 

-  Beitriige  /.ar  fossilen  Flora  Spitzbergens,  Tafel.  IX,  figs  1-6  (Flora  fossilis  arctica,  Vol.  IV 
1877);  Beitriige  znr  .Juraflora  Ost-Sibiriciis  und  dcs  Ainurliiiuics,  Taf.  IV,  fig.  8c  (the  same 
A'oluine),  and  Tafel.  XXII,  p.  4,  a  b.,  XXVll,  9a  XXVIII,  fig.  4. 
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Bott  these  correlations  appear  (as  far  as  the  plant  remains  show)  to  be  equally 
justified ;  and  this  is  certainly  of  no  small  interest,  as  this  Kattywar  flora  thus 
forms  a  connecting  link  heBreen  those  of  the  Jahalpnrandthe  TJmia  groups,  plac¬ 
ing  them,  thus,  homotaxially  on  the  same  horizon.  This  does  not,  of  course, 
change  anything  of  well  established  stratigraphical  relations ;  and  there  is  no 
objection  that  the  same  flora,  which  if  considered  from  the  Jabalpur  group  only 
has  to  be  taken  as  middle  Jurassic,  should  be  found  in  the  TJmia  group  with  and 
above  ujrper  Jurassic  marine  animals,  and  should  still  retain  its  middle  Jurassic 
character,  which  view  I  maintain. 

The  case  in  Kach  is,  of  course,  easily  solved :  the  formation  is  determined 
from  the  fauna,  although  this  is  associated  with  a  flora  of  an  older  facies,  but  the 
question  becomes  more  complicated  where  in  the  same  beds  ther’e  are  found 
marine  animals,  of  secondary  and  palfeozoic  types,  as  in  the  Salt-range,  and  in 
cases  to  be  described  by  Mr.  Griesbach  from  the  Himalayan  Trias. 

2.  Note  on  some  plants  from  the  Jurassic  rocks  at  Shekh  Budin  (Upper 

Punjab)  . 

Last  year  Mr.  A.  B.  Wynne  made  a  collection  of  fossils  at  Shekh  Budin,  com¬ 
prising  a  few  plant-remains,  which,  although  very  fragmentary,  are  of  great 
importance,  as  being  the  first  plants  collected  during  the  work  of  the  Geological 
Survey  in  this  northern  portion  of  India.  They  are,  however,  not  the  only 
plants  found  in  Upper  Punjab.  Dr.  Waagen,  in  his  note  on  the  Attock  slates,' 
mentions  that  there  are  in  the  collection  of  the  Geological  Society  of  London 
several  specimens  of  plants  from  the  Salt-range,  although  no  recognisable  speci¬ 
mens  were  yielded  from  that  ground  to  careful  search  by  the  officers  of  the 
Survey. 

The  plant-fi’agments  of  Shekh  Budin  are  preserved  in  a  fine,  slightly  mica¬ 
ceous  shale,  of  a  light  purplish-grey  color,  resembling  certain  plant-bearing  shales 
of  the  Jurassic  rocks  in  Kach,  but  more  closely  the  shales  of  the  Jabalpur 
group,  near  Jabalpur.  The  ^ilants  also,  as  far  as  determinable,  recall  those  of 
the  Jabalpur  group. 

The  only  fossils  determinable  with  some  certainty  belong  to  the — 

CvcADEACEa:. 

Ptilofiylhimf?)  ucMb/obiMK,  Mor.— There  is  a  fragment  of  a  leaf  of  a  cyca- 
deons  plant,  which  belongs  to  the  Zamiiece  and  which  I  refer  to  Ptilophyllmn,  for 
it  appears  fi’om  one  of  the  leaflets  that  they  are  not  free  at  the  lower  angle, 
but  deenrring ;  the  upper  angle,  w'hich  is  free,  is  rather  a  little  more  rounded 
than  is  usually  the  case  in  Ptilophylhm ;  but  a  specimen  with  very  similar 
leaflets  to  those  under  discussion  is  figured  as  Ptilopliyllum  acutifolium  in  my 
Flora  of  the  Jabalpur  group,'*  Plate  V,  fig.  1. 

Podozamites,  sp. — There  is  another  fragment  of  a  single  leaflet,  traversed  by 
longitudinal  veins.  This  I  refer  to  the  genus  Podozamites,  and  it  appears  to  me 

’  Rec.  Geol.  Surv.  of  India,  1879,  Vol.  XII,  Pt.  4,  p.  184. 

"  Pal.  Iiidica,  Ser.  XI,  2. 
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to  represent  the  'top  portion,  as  the  veins  only  approach  each  other  without  being 
dichotomous. 

An  identification  of  a  fragment  like  this  is  always  more  or  less  uncertain,  but 
in  this  case  I  think  we  can  refer  the  fragment  to  Podozamites  lanceolatus  var. 
eichwaldi;  Heer.‘ 

This,  although  very  unsatisfactory  palseontological  evidence,  would  so  far 
show  that  these  jfiant-beds  of  Shekh  Budin  have  to  bo  considered  as  representa¬ 
tives  of  the  Gondwanas  in  the  Upper  Punjab  in  association  with  marine  beds— a. 
case  like  that  in  Kach,  and  on  the  south-east  coast  of  India. 

3.  Lower  Go^jdwana  plants  prom  the  Auranga  coal-field. 

Mr.  C.  L.  Griesbach,  on  his  way  to  the  Tatapani  and  Ramkola  coal-fields  in 
Sirgujah,  passed  through  the  Auranga  coal-field  and  collected  a  few  fossils  from 
a  spot  west  of  Murup,  in  bods  mapjied  by  Mr.  Ball  ^  as  Barakars.  Although  T 
could  only  determine  two  specie.s,  I  think  them  interesting  enough  for  record. 

Trizygia  speeiosa,  Hoyle.— The  occuri’ence  of  this  fossil  in  this  coal-field  is  of 
interest,  as  illustrating  the  geographical  and  stratigraphical  distribution  of  the 
species.  It  was  first  made  known  from  the  Barakars  of  the  Talchir  coal-field, 
where  it  docs  not  seem  to  be  rare.  Subsequently  it  was  found  to  occur  rather 
numei'ously  in  the  Rauiganj  group  of  the  liauiganj  coal-field.  This  Raniganj 
form  appeals  in  general  a  little  larger  than  that  from  the  Barakars.  Later  on 
the  same  species  was  brought  from  the  Barakai’s  of  the  Bokharo  coal-field  by 
Mr.  Hughes ;  and  it  is  also  known  from  the  Bijori  horizon  (representing  the 
Raniganj  group)  of  the  Satpura  basin,  in  the  upper  Denwa  valley ;  and  now  we 
know  of  it  in  the  Auranga  coal-field  from  the  Barakar  group.  This  species  is 
thus  almost  equally  numerous  in  the  Barakar  as  in  the  Raniganj  group. 

There  is  no  essential  distinction  between  the  Raniganj  and  Barakar  forms, 
both  show  the  characteristic  “  three  paired  ”  arrangement  of  the  leaflets,  the 
same  distribution  of  the  veins,  etc.  The  only  difference  I  could  find  is  that 
already  mentioned,  between  the  forms  from  the  Raniganj  coal-field  (Raniguuj 
group)  and  Talchir  coal-field  (Barakar  group)  ;  but  the  specimens  from  the 
Auranga  coal-field  (Barakar  group)  exhibit  a  size  like  that  of  the  Raniganj  form, 
so  that  even  this  character  cannot  be  used  as  distinguisliing  the  forms  from  these 
two  groups,  and  both  mu,st  be  declared  identical. 

Olossopteris  covimunis,  Fstm. — This  species  is  equally  frequent  through  all  the 
sub-divisions  of  the  Lower  Gondwanas. 

4.  Fossil  plants  proai  the  Tatapani  and  Ramkola  coal-fields  (Sirgujah). 

Last  year  (1878)  a  good  collection  of  fossil  plants  was  brought  by  Mr.  C.  L. 
Griesbach  fi’om  the  Tatapani  and  Ramkola  coal-fields.  The  fossils  are  from 
various  localities  and  from  various  horizons.  Mr.  Griesbach,  in  his  forthcoming 
report  on  the  geology  of  those  coal-fields,  indicates  the  positions  of  the  fossils  in 

^  Juraflora  Ost-Sibiriens  unci  des  Auinrlandes,  1877,  Vol.  IV,  p.  1C9,  PI.  XXVI. 

2  V.  Ball:  Geology  of  the  Auranga  and  HutAv  coal-field  (Piilainow).  Mem.  Geol.  Surv.  of 
India,  Vol.  XV,  Ft.  1. 
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eacli  of  Ills  sections ;  it  would,  therefore,  be  unnecessary  for  me  to  discuss  the 
fossils  from  eacb  locality ;  it  will  be  sulEcient  to  speak  of  the  fossils  of  each 
group  collectively.  In  this  area,  the  close  paliBontological  relation  of  the  several 
groups  is  also  clearly  illustrated,  just  as  in  the  Satpura  basin,  especially,  as  it 
appears,  between  the  Ranig-anj  and  Panchet  groups  ;  for  there  are  fossils  from 
several  localities  which,  according  to  our  present  knowledge,  correspond  more  with 
those  of  the  Raniganj  group,  while  the  beds  seem  to  be  referable  either  to  this 
group  or  to  the  Panchet  group.  I  shall  mention  these  localities  further  on. 

The  most  interesting  fact  illustrated  by  the  fossils  brought  by  Mr.  Giriesbach 
is  the  satisfactory  proof  of  the  occurrence  of  the  typical  Raniganj  group,  as  it 
occurs  in  the  Raniganj  field.  This  is  shown  especially  by  the  numerous  occur¬ 
rence  of  Schieoneura  gondtvanensis,  although,  as  we  know,  SoMzonmra  is  not 
entirely  wanting  in  the  Bai'akar  group,  and  is  also  not  very  rare  in  the  Panchet 
group. 

Baeakar  group. 

I  come  at  once  to  speak  of  the  fossils  of  this  group,  no  fossils  haying  been  met 
with  in  the  Talchirs,  and  also  no  equivalent  of  the  Karharbai’i  beds.  As  in  the 
other  coal-fields,  there  is  here  also  no  striking  palseontological  feature  characterising 
the  Barakar  group,  most  of  the  fossils  being  common  to  all  the  sub-groups  of  the 
Damuda  division,  and  its  presence  is  with  certainty  demonstrated  only  strati- 
graphically ;  but  a  certain  negative  character  can  be  used,  i.  e.,  the  absence  (or 
rare  occurrence  in  other  cases)  of  Schhonettra  (when  comjjared  with  its  numer¬ 
ous  occurrence  in  the  Raniganj  group)  and  of  certain  forms  of  Qloasofsris, 
which  I  shall  mark  presently  as  occurring  in  the  Raniganj  group,  in  which  group 
the  genus  Glossopteris  appears  to  be  altogether  more  numerous. 

I  first  enumerate  the  fossils  from  localities  which  apparently  belong  to  the 
Barakar  group  (judged  from  the  strati  graphical  position)  ;  while  at  the  end  I 
shall  mention  several  localities,  about  which,  from  a  palseontological  point  of  view, 
I  can  form  no  certain  opinion. 

1.  Equisctacea. 

Yertebraria  hidiea,  Royle. — The  common  form ;  found  on  the  Sendur  river, 
west  of  Mitgain  ;  on  the  Ledho  nalah  near  Karamdiha ;  between  the  Mahan 
river  and  the  Tamor  hill,  near  Majurdaki  (southern  field) . 

2.  Filices. 

Glosso^teris  communis,  Pstm. — On  the  Sendur ^river,  west  of  Mitgain  ;  west  of 
Chumra ;  on  the  Ledho  nalah,  near  Karamdiha. 

Glossofteris  irmvniana,  Bgt. — On  the  Sendur  river,  west  of  Mitgain. 

Glossoffteris  {damudica,  Fstm.,  MSS.) — This  is  a  species  which,  like  Glossop- 
teris  communis,  occurs  through  the  whole  of  the  Damuda  series,  but  is  apparently 
most  numerous  in  the  Barakar  group  and  in  the  iron  shales.  I  have  not  de¬ 
scribed  it  yet,  nor  has  it  been  figured,  but  I  nevertheless  introduce  the  name,  as 
I  shall  have  to  refer  to  it  again  when  sjieaking  of  the  Raniganj  fossils.  From 
the  Sendur  I’iver,  west  of  Mitgain ;  between  the  Mahfin  river  and  the  Tainor 
hill. 
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Glossopteris  indica,  Schimp _ Between  Malian  river  and  Tamor  hill  (Ma- 

jurdaki)  ;  north-west  of  Reonti. 

3.  Cycadcacets  (/). 

NoggeratMopsis  liislopi,  Bvinb.,  sp.  (Fstm.) — This  species,  at  first  known  from 
the  Kamthi  (Raniganj)  grouji  only,  was  later  identified  from  the  Barakar  and 
Talchir-Karharbari  groups  also.  Between  the  Mahan  river  and  Tamor  hill 
(Majurdaki)  ;  Suidud  nalah,  1|  mile  north  of  Bheria. 

The  localities,  the  fossils  of  which  do  not  indicate  with  certainty  the  Barakar 
group,  are : 

(а) .  West  of  Dhonda,  from  where  I  could  determine: 

Glossopteris  indica,  Schimp,  and 

Glossopteris  communis,  Fstm. 

(б) .  Suknai  nalah  north  of  Sai'sera  :  from  here  1  determine: 

Vertehraria  indica,  Royle. 

Glossopteris  communis,  Fstm. 

There  is,  however,  no  objection  that  these  localities  also  should  be  mapped  as 
Barakar,  as  is  done  on  Mr.  Griesbach’s  map. 

RaNIGANJ  GEOttP. 

The  occurrence  of  the  Raniganj  group  in  the  typical  form  is,  I  think,  well 
established  in  this  field  by  the  frequent  occurrence  of  Schizoneura  gondwanensis, 
Fstm.,  and  of  several  species  of  Glossopteris,  which  hitherto  are  known  from  the 
Raniganj  group  only  ;  I  shall  mention  them  presently  ;  one  is  already  a  described 
form,  the  others  are  new. 


1.  Equisetacem. 

Vertehraria  indica,  Royle,  the  more  branched  form,  as  known  from  the  Kam- 
thi  (Raniganj)  group ;  between  the  Mahan  river  and  the  Tamor  hill ;  nalah 
between  Gouri  and  Ghui ;  in  the  Morne  river,  north  of  Parasdiha. 

Schizoneura  gondwanensis,  Fstm. — Several  pieces  of  shale  are  filled  with  specie 
mens  of  this  species,  just  as  is  the  case  in  the  Raniganj  field,  and  also  the  shale 
agrees  with  that  of  the  Raniganj  field.  The  specimens  are  in  layers,  one  over 
the  other,  preserved  as  leaved  stalks  of  various  sizes  and  as  single  leaves.  It  is 
additional  evidence  to  the  wide  geographical  distribution  and  frequent  occur¬ 
rence  of  this  species  in  the  Damuda  series,  especially  in  the  Raniganj  group. 

We  know  this  species  at  present  from — 

(a),  the  Raniganj  group  of  the  Raniganj  coal-field,  where  it  is  very  numer¬ 
ous  ;  from  the  Jherria  coal-field ;  from  the  Hiugir  coal-field ;  from  the 
Tatapani  coal-field,  where  it  appears  to  be  also  numerous ;  and  from 
the  Satpura  basin,  where  it  is  known  from  two  localities  (in  the  Bijori 
horizon)  ; 

(h),  from  the  Panchet  group,  in  the  Raniganj  field,  where  it  occurs  pretty 
numerously. 

(c),  from  the  Barakar  group  on  Lumki  hill,  in  the  Karharbari  coal-field ; 
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(J),  from  the  Talcliir-Karharbilri  beds  in  the  Molqjani  coal-field,  and  (?) 
from  the  Talchir  shales  of  the  Deogarh  field.  ‘ 

In  the  Tatapani  coal-field  it  occurs  along  the  nalah  at  Budatand  and  near 
Lanjit.^ 

PiLTCES. 


Glosso-pteris  angustifolia,  Bgt. ;  this  narrow-leaved  form  is  especially  known 
from  the  Raniganj  group. 

Banki  Nalah,  between  Chnmra  and  Gidhi ;  between  Mahiin  river  and 
Tamor  hill ;  Morne  river,  north  of  Parasdiha ;  Budatand  nalah,  near 
Budatand,  south  of  Nowadih ;  in  the  Ledho  nalah. 

Glossopteris  retifera,  Pstm. — This  also  is  a  Raniganj  form.  Banki  nalah, 
between  Chnmra  and  Gidhi. 

Glossopt.  cmnmunis,  Pstm. — Banki  nalah,  between  Chnmra  and  Gidhi ;  east 
of  Ghni;  south  of  Nowadih;  in  the  Ledho  nalah. 

Glossopt,  indica,  Schimp.,  between  Chnmra  and  Gidhi. 

Glossopteris,  sp.,  a  peculiarly  oval  leaf,  which,  I  think,  will  prove  a  new 
species.  One  sjiecimen  of  the  same  kind  is  known  from  the  Raniganj 
group  of  the  Raniganj  field,  and  also  the  I’ock  agrees  completely.  The 
net  venation  is  much  like  that  of  Glossojit.  communis,  but  still  finer  and 
narrower,  and  the  midrib  diminishes  suddenly  towards  the  apex.  I  shall 
describe  this  form  in  the  next  fascicuhis  of  the  Lower  Gondvraua  Plora. 
North  of  Meguli  (Moholi  on  map). 

Glossopt.  dmmulica,  Pstm.  (MS.) — This  species  is  ah’cady  mentioned  above. 
Morne  river,  north  of  Parasdiha. 

Glossopteris,  sp. — Another  species  was  found  in  the  Tatapani  coal-field,  iden¬ 
tical  with  one  from  the  Raniganj  field  (Raniganj  group),  not  yet  de¬ 
scribed  ;  it  is  a  narrow  leaf,  w'ith  a  large  net  venation,  the  veins  passing 
out  from  the  midrib  at  an  acute  angle.  South  of  Nowadih. 

Prom  these  fossils,  the  Raniganj  group  is  certainly  quite  well  established. 

There  are  a  few  other  localities,  wdiich  paleontologically  might  be  still  placed 
in  the  Raniganj  gr’oup,  while  stratigraphically  they  seem  to  bo  on  the  Panchet 
horizon. 


a.  Nalah  -west  of  Narola— 

Glossopteris,  sp. 
h.  In  the  Ledho  nalah — 

GIossoj)teris  angustifolia,  Bgt. 
Glossopt.  communis,  Pstm. 
Glossoiot.  ‘indica,  Schimp. 
c.  Near  Ka-ramdiha — 

Glossopteris  comnnmis,  Pstm. 


'  The  speciineiis  appear  at  lea.st  to  be  Schizoneiira. 

2  This  portion  of  the  Lower  Goiidwanas  near  Lanjit  is  colored  as  Barakars,  the  strata 
beino'  much  broken  ui)  by  dykes,  etc.,  so  that  no  distinction  of  beds  could  be  made  out.  The 
frequent  occurrence  of  Schizoneura  gondvianensis,  Fstm.,  at  this  place  would  refer  that  portion  to 
the  Raniganj  group. 
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These  localities  thus  yield  an  unnsually  large  numhei’  of  Olossopteris,  while  in 
the  Panchet  rocks,  although  its  occurrence  is  undoubtedly  established,  it  is  only 
known  to  occur  rarely,  and  fragmentary.  At  these  localities,  however,  it  occurs 
in  the  same  manner  as  in  the  Raniganj  group,  and  we  have  either  to  acknowledge 
the  closest  connection  of  the  Panchet  and  Raniganj  groups  (which  in  this  field 
also  seems  to  be  shown  stratigraphically),  or  to  account  for  the  uninterrupted 
passage  of  the  Raniganj  flora  into  the  Panchet  grou]!,  in  which  case  the  close 
relation  of  both  is  again  shown.  It  is,  of  coui’se,  possible  that  the  observation.s 
upon  which  these  suggestions  are  based  might  bo  modified  by  a  revision  of  the 
survey,  but  taking  the  lines  as  laid  down  by  Mr.  G-riosbach,  we  may  now  say 
that  three-fifths  of  the  species  in  the  Panchet  group  are  those  of  the  Raniganj 
group. 

This  mutual  relation  of  the  Raniganj  and  Panchet  groups  in  this  field,  is  so 
far  interesting  and  important,  as  at  the  two  last-named  localities  there  occurs 
a  plant  which  appears  to  be  a  ThinnfeldLa.  I  shall  describe  it  more  closely  in  my 
Flora  of  the  Lower  Gondwftnas. 

Mahadevas. 

In  succession  to  the  Raniganj-Panchet  rocks  the  Mahadevas  are  highly  de¬ 
veloped,  as  in  the  Satpura  basin ;  and  they  have  proved  equally  poor  in  fossils. 
Mr.  Griesbach  discovered  only  at  one  locality  some  fragments  of  plants,  which 
do  not  admit  of  specific  determination  :  one  is  an  Aletliopteris  ;  the  other  is  doubt¬ 
ful,  even  as  to  the  genus  ;  it  is  either  a  Tcenlopteris  or  Glosaopteris. 

The  Mahadevas  in  this  area  scorn  to  be  to  the  Panchets  in  the  same  close  rela¬ 
tion  as  in  the  Satpura  basin,  wdiore  the  whole  Gondwana  system  is  developed, 
from  the  Talchirs  (bottom)  to  the  Jabalpur  group  (top),  and  these  basins  where 
the  succession  of  the  several  groups  is  also  continuous,  are,  therefore,  of  the 
same  interest  for  the  correlation  of  the  various  group.s. 


On  Volcanic  Foci  of  Eecption  in  the  Konkan,  hy  GeoeCtE  T.  Clark,  Esq.' 

I  chanced  yesterday,  in  the  library  of  the  Athenamm  Club,  to  meet  with  the 
two  volumes  upon  the  geology  of  India  to  which  are  prefixed  your  name  and  that 
of  Mr.  Blanford,  and  in  vol.  I,  page  327,  I  lighted  upon  some  remarks  very 
complimentary  indeed  to  myself,  but  which  do  not,  I  think,  refer  quite  correctly 
to  what  I  advanced,  now  thirty  yoai-s  ago,  on  the  geology  of  the  western  side  of 
the  Indiatr  peninsula,  in  the  neighbourhood  of  Bombay.  I  therefore  address 
myself  to  you  by  lettei’,  and  I  must  ask  you  to  excuse  the  length  into  which  I 
may  probably  bo  betrayed. 

At  the  time  that  I  reached  Bombay  in  1844,  nothing  was  known  about  the 
origin  of  the  trap  of  We.stei-n  India,  and  I  found  from  Mr.  Orlcbar,  and,  I  think, 

'  Mr.  Clark’s  observations  ami  views  upon  the  trappoan  rooks  of  Western  India  are  much  more 
clearly  brought  out  in  the  letter  (dated  25th  July  1879)  published  above,  than  in  his  original  pa¬ 
pers  in  the  Quarterly  Journal  Geol.  Soc.,  London,  Vol.  111.,  p.  221,  (1847)  and  Vol.  XXV,  p.  161 
(1869),  from  which  the  notice  in  the  Manual  was  taken.  Tlie  oKseurity  upon  the  important  ques¬ 
tion  of  denudation  is  now  quite  cleared  up. — H.  B.  Medlicott. 
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from  Mr.  Maloolmson,  both  very  competent  geologists,  that  even  Bombay  and  I 
Salsotte  had  not  been  geologically  examined,  and  that  little  was  known  of  their  I 
details  and  still  less  of  those  of  the  Konkan  on  the  opposite  side  of  the  harbour.  | 
Feeling  much  interest  in  the  subject,  I  determined,  while  visiting  the  Island  and 
the  main  land  for  other  purposes,  to  pay  what  attention  I  could  to  the  geology 
I  began  with  Bombay,  and  spent  some  time  in  laying  down  the  clip  and  direction 
of  its  rooks,  which  I  found  to  be  mostly  igneous,  traps  and  green.stones,  with  j 
occasional  intervening  bods,  probably  of  sedimentary  origin,  all  dipping  more 
or  less  westward  at  a  high  inclination.  While  thus  engaged  I  was  fortunate  ^ 
enoun-h  to  fall  in  with  a  bed,  newly  uncovered,  containing  very  perfect  remains  | 
of  batrachians,  which  lay  immediately  beneath  a  sheet  of  basalt  capping  the 
western  side  of  the  Island  of  Bombay,  and  which  was  evidently  its  latest  forma¬ 
tion.  I  sent  home  to  the  late  Dean  Buckland  some  specimens  of  the  fossils, 
which  were  figured  in  the  Journal  of  the  Greological  Society  (Vol.  Ill,  p.  224), 
and  thus  the  o-eological  date  of  the  basalt  was  established.  I  found  the  same 
dip  and  bearing  to  prevail  in  Salsette.  ' 

On  reaching  the  Konkan,  and  pausing  near  Kalian,  I  was  much  struck  with 
the  difference  between  the  outline  of  the  eastern  and  western  eminences.  The 
hills  of  Salsette  were  sharp-topped  and  steep,  all  their  lines  more  or  less  inclined 
and  covered  to  the  top  with  vegetation,  whereas  the  hills,  or  rather  mountains, 
of  the  Konkan,  were  flat-topped,  their  leading  lines  horizontal  or  nearly  so,  their 
sides  terraced,  the  terraces  divided  by  cliffs,  and  the  tops,  at  least,  bare  of  vege¬ 
tation.  It  seemed  as  though  in  the  one  case  the  bods,  being  tilted,  had  allowed 
the  rain  to  penetrate  and  produced  disintegration,  while  in  the  other,  the  beds 
being  flat,  resisted  penetration  and  its  consequences.  It  was  also  clear  that  the 
eastern  mountains,  as  Towlee,  Bhow-mulling,  and  Matheran,  were  outliers  from 
the  great  mass  of  the  Western  Ghauts,  strictly  conformable  to  them  in  their  struc¬ 
ture,  and  that  the  dip  of  their  beds,  so  slight  as  to  appear  locally  horizontal, 
was  really  towards  the  east,  and  with  a  remarkably  uniform  inclination. 

This  contrast,  obvious  at  the  first  glance,  led  me  to  suppose  that  the  origin  of 
the  traps  must  bo  sought  for  either  in  the  trough  of  Bombay  hai'bour  or  in  the 
adjacent  margin  of  the  Konkan,  or  wherever  the  beds  dipped  from  a  centre  or 
central  line.  It  was  further  evident,  with  so  complete  a  correspondence  between 
the  beds  of  the  outliers  and  the  main  range,  that  the  whole  must  at  one  time 
have  been  continuous,  and  that  a  vast  mass  of  intervening  matter  must  have 
been  excavated  and  removed. 

Following  out  these  ideas,  I  proceeded  to  examine  the  floor  of  the  Konkan,  at 
first  along  its  western  edge  towards  Panwell,  and  then  more  minutely  along  a 
line  which  pointed  westwards  from  Kalian  towards  the  great  bay  of  the  Malsege 
Ghaut,  and  which  presented  some  very  remarkable  appearances. 

The  rock  beds,  so  far  as  I  observed,  at  or  near  the  level  of  the  floor  of  the 
Konkan,  which  was  not  much  above  that  of  the  sea,  were  all  of  a  uniform  variety 
of  trap,  and  all  amygdaloidal,  the  vesicles  being  mostly  filled  with  zeolite. 
Usually  the  lower  part  of  each  bed  was  more  or  less  solid,  and  the  upper  part 
vesicular.  The  vesicles  were  of  all  sizes,  up  to  a  length  of  12  or  13  inches  and  a 
diameter  of  3  or  4,  and  they  were  frequently  elongated,  as  though  the  trap. 
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while  viscid  and  full  of  air  bubbles,  had  flowed  in  the  direction  of  their  longer 
axis.  Occasionally  also  the  vesicles  were  bent  and  twisted,  as  though  the  trap 
had  flowed  over  a  hard  edge,  as  water  over  a  weir ;  particulars  which  seemed  to 
afford  a  clue  to  the  direction,  and  in  some  degree  to  the  circumstances,  of  the 
flow.  Following  upon  these  indications,  I  found  that  I  reached  a  number  of  hil¬ 
locks  or  cones,  holloAV  in  the  centre,  and  often  with  a  gap  in  one  side,  and  within 
and  about  these  the  trap  often  lay  in  small  streamlets,  crossing  over  or  overlap¬ 
ping  one  another,  but  all  evidently  derived  from  a  common  source  or  centre. 
Frequently  these  streams  had  flowed  for  some  distance  in  parallel  lines  imping¬ 
ing  upon  each  other,  not  uniting,  so  as  to  leave  a  V-shaped  trough  between  them, 
which  again  was  filled  up  with  other  streamlets.  All  these  had  assumed  various 
shapes  according  as  they  had  flowed  in  a  trough  or  over  a  flat  surface,  or  over  an 
obstacle,  or  had  dropped  over  some  accidental  step  or  fissure  in  the  subjacent 
rock. 

These  singular,  crater-like,  hillocks  lay  very  thick  together  along  the  course 
of  the  Bervee  river  above  Kalian,  and  upon  that  of  the  upj^er  Kaloo  near  Bhalook 
and  Kinnowlee.  Near  the  ancient  temple  of  Oombornaut  are  several,  some 
with  a  central  hollow  a  quarter  of  a  mile  across  and  sides  from  200  to  300 
feet  high.  The  interior  slope  is  much  steeper  than  the  exterior,  and  the  floor 
is  usually  very  hard  and  undulating,  as  though  it  had  been  in  a  state  of 
ebullition. 

Besides  those  hillocks  are  also  a  number  of  flattened  domes  very  distinct, 
though  of  no  great  height,  like  huge  bubbles  of  very  hard  rock,  and  seen,  whore 
the  surface  is  broken,  to  bo  composed  of  layers  like  the  coats  of  an  onion. 

These  are  especially  frequent  in  the  upper  Kaloo  approaching  the  Malsego. 

I  observed  also  in  the  bed  of  this  river,  dry  or  nearly  so  when  I  saw  it,  tliat  in 
many  places  it  was  not  excavated  as  by  water,  but  formed  by  the  f)arallcl  j  unc¬ 
tion  of  two  lava  streams,  the  stream  filling  up  which  had  been  dissected  out, 
not  eroded,  so  that  the  surfaces  remained  smooth  and  sometimes  almost  glazed. 

All  these  appearances  led  me  to  believe  that  I  had  lighted  on  a  number  of 
foci  of  volanie  or  plutonic  action,  placed  along  certain  lines,  and  that  these 
were  the  vents — perhaps  source, s  would  have  been  a  safer  word — whence  the 
traps  of  the  district,  and  of  the  adjacent  islands  on  the  one  hand  and  of  the 
Ghauts  and  Deccan  on  the  other,  were  derived.  I  came  also  to  the  conclusion, 
perhaps  upon  the  examination  of  too  limited  an  area,  that  the  general  line  of 
the  sources  lay  nearly  north  and  south  down  the  edge  of  the  Konkan,  pointing 
towards  the  islands  of  Heneri  and  Kcncri,  and  that  the  line  towards  the  MaLsege 
was  a  sort  of  spur  or  lateral  axis,  accounting  probably  for  the  existence  of  that 
very  remarkable  bay  or  indentation  into  the  main  lino  of  the  Syhadree  range. 

The  contrast  was  remarkable  between  the  irregularity  of  the  streamlets  of 
lava  in  the  plain  and  near  the  sources  above  described,  and  the  excessive 
regularity  of  the  beds  at  higher  elevation,  and  at  a  distance  from  those  points. 

This  indeed  was  what  might  have  been  expected ;  a  regular  and  uniform  diji 
being  more  likely  to  be  arriv'ed  at  by  a  lava  sheet  at  a  certain  distance  from  its 
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But  the  above  are  not  the  only  remarkable  features  connected  with  these 
sources.  There  are  found  generally,  in  the  Konkan,  large  numbers  of  basaltic 
dykes,  more  or  less  vertical,  and  usually  running  in  lines  straight  or  nearly  so. 
These  ai'e  of  various  breadths,  uj)  to  40  feet  or  even  more,  and  they  occur  most 
fi’cquently  near  the  sources  or  craters  described  above.  Thus  there  are  numbers 
of  them  about  the  Berveo  between  Kalian  and  Budlajioor,  and  they  are  especi¬ 
ally  thick  between  Moorbar  and  Kinnowlee,  and  at  the  head  of  the  Malsege  bay, 
under  Sindloo  and  Hurreechunder.  Not  only  ar’O  they  found  in  the  floor  of  the 
Konkan,  but  they  are  seen  to  cleave  the  highest  eminences  of  the  ghauts,  and 
they  extend  for  some  miles  in  to  the  Deccan,  showing  that  they  were, 'poured  out  and 
injected  after  the  great  mass  of  the  trap  was  laid  down.  It  is  remarkable  also, 
that  though  so  broad  and  extended  so  far  as  I  saw,  they  are  rarely,  if  ever,  con¬ 
nected  with  any  disjdacement  of  the  intersected  beds,  or  anything  like  a  fault. 
It  is  remarkable  also  that  the  basalt  which  in  Bombay  is  spread  out  as  a  sheet 
over  the  highest  of  the  trap  and  greenstone  beds,  also  caps  the  elevations  of 
the  ghauts,  as  may  be  seen  at  Khardalla,  Beema-Shunker,  and  other  places, 
though  whether  these  horizontal  sheets  were  caused  by  the  overflow  of  the  dykes, 
or  whether,  as  is  more  probable,  their  material  overflowed  the  craters  in  the 
usual  way  after  the  trap  period  had  ceased,  I  could  not  ascertain.  It  is,  however, 
evident  from  the  mechanical  position  of  the  basalt  whether  in  dykes  or  sheets,  as 
well  as  from  its  relation  to  the  batrachian  fossils,  that  it  was  thrown  up  after  the 
trap  ;  and  probably  both  dykes  and  sheets,  though  not  simultaneo  us,  belong  to 
the  same  geological  period. 

The  basalt  dykes  deserve  close  attention.  They  are  generally  vertical,  and 
very  rarely  magnetic.  Also  they  are  almost  always  composed  of  small  prisms, 
the  axis  being  at  right  angles  to  the  course  and  faces  of  the  dyke.  Also  they 
are  commonly  fringed  at  each  face,  the  fringe  or  ‘  selband’  being  broken  up  by 
vertical  planes,  parallel  to  the  face  of  the  dyke.  The  dyke  beneath  the  fort  at 
Kalian  is  columnar.  The  basalt  is  usually  homogeneous,  though  now  and  then 
its  surfaces  are  pitted  as  though  small  deposits  of  minei’als  had  been  washed  out. 
There  is  no  cohesion  between  the  pi-isms,  so  that  the  dyke  is  often  a  mere  trough, 
the  matter  being  removed.  Kear  the  'Wanaghaut  where  a  largo  dyke  cleaves 
the  nearly  precipitous  face,  the  basalt  is  so  far  removed  that  the  dyke  is  repre¬ 
sented  by  a  hollow  chasm,  and  forms  a  steep  stair-case,  up  which  is  a  path  for 
foot  passengers. 

Although  there  is  no  vertical  displacement  connected  with  these  dykes,  the 
heat  of  the  basalt  has  hardened  and  rendered  tough  the  contiguous  trap.  The 
effect  of  this  is  curious.  In  the  plain  near  Moorbar  the  country  is  intersected  by 
a  net  work  of  steep  and  narrow  banks  from  100  to  200  feet  high,  some¬ 
what  resembling  the  junction  of  a  number  of  lines  of  railway  in  embankment. 
The  axis  of  each  of  these  banks  is  a  dyke,  the  toughness  imparted  by  which 
has  enabled  the  banks  to  resist  erosion,  while  the  place  of  the  dyke  is  marked  by 
a  trough  a  few  feet  deep,  out  of  which  the  basaltic  prisms,  being  loose,  have  been 
removed. 

Looking  back  to  the  immediate  causes  of  the  very  peculiar  configuration  of  the 
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country  between  tbe  ghauts  and  the  sea,  it  occurred  to  me  that  what  I  there  saw  was 
not  unlike  what  would  be  seen  if  the  island  of  Sicily  were  to  be  submerged,  and  Etna 
be  acted  upon  by  water  currents.  The  central  part,  being  shattered,  would  easily 
be  removed  down  to  the  nuclei  of  the  several  craters,  and  the  flanks  of  the 
mountain  being  much  less  shaken  would  remain  and  present  more  or  less  of 
a  scarp  at  their  innermost  and  highest  edge,  and  their  surface,  like  that  of  the 
Deccan  near  the  ghauts,  would  be  hollow^ed  into  ordinary  valleys  of  excavation. 
If  for  a  single  central  point  one  or  more  lines  of  action  were  substitirtcd,  the 
efiiect  would  be  pretty  much  what  is  now'  seen  in  the  Konkan.  Possibly  the  same 
effect  would  be  produced  by  atmospheric  action,  only  in  such  a  case  an  enormous 
period  of  time  w'ould  be  necessary. 

Then,  as  to  the  contrast  betwmen  the  beds  forming  the  ghauts  and  those  in 
Bombay  and  Salsette,  the  former  at  a  certain  distance  from  the  line  of  action 
fall  with  a  uniform  and  gentle  slope,  whereas  the  western  beds  fall  at  an  opposite 
and  much  greater  dip,  and  are  more  or  less  broken.  This  I  supposed  to  be  due 
to  the  previous  configuration  of  the  ground.  I  thought  the  base  of  Konkan  and 
the  Deccan  to  be  a  mass  of  metamorphic  I’ock,  over  which  the  trap  flowed  at  an 
easy  slope,  while  to  the  west  the  same  trap  flowed  into  the  deep  sea.  I  under¬ 
stand,  however,  that  late  researches  are  opposed  to  this  latter  notion,  and  that 
there  is  reason  to  think  that  the  greater  dip  of  the  western  bed  is  due  to  a  sub¬ 
sequent  subsidence.  This,  of  course,  does  not  materially  affect  the  question  of  the 
common  sources  of  these  rocks. 

I  remark  also  that  the  present,  and  I  dare  say  the  correct,  opinion  is  that  these 
traps  are  subaerial  and  volcanic.  I  supposed  them  to  be  submarine  and  j)lutonic, 
because  they  seemed  to  me  to  have  been  erupted  under  immense  pressure.  This 
again  does  not  materially  affect  the  leading  inferences  derived  from  my  obser¬ 
vations. 

In  concluding  this  long  and,  I  fear,  tedious  letter,  I  may  be  allowed  to  re¬ 
mark  that  it  is  many  years  since  I  have  paid  attention  to  this  or  any  other  geo¬ 
logical  subject,  and  that  neither  formerly  nor  now  have  I  any  pretensions  to  bo 
called  a  geologist.  I  brought  home  with  me  a  vast  collection  of  samples  from 
every  dyke  I  met  with,  each  labelled  with  the  direction,  breadth  and  leading  features 
of  the  dyke.  I  sent  these  in  1848  or  1849  to  the  Geological  Society,  where  they 
were  seen  by  Mr.  Horner  and  the  then  Secretary  Mr.  Lonsdale.  These  gentlemen, 
however,  did  not  think  them  worth  the  space  they  occupied,  and  as  they  declined 
them,  I  caused  them  to  be  thrown  aw'ay,  nor  did  I  again  trouble  myself  on  the 
subject,  until  some  years  afterwards  I  saw  to  my  surprise  my  name  mentioned 
in  a  paper  by  Mr.  Wynne  as  one  of  the  pioneers  in  the  geology  of  Bombay. 

I  am  not  sorry  even  now  to  find  or  make  an  opportunity  of  bringing  under 
your  notice  as  the  head  of  the  Indian  Survey  a  sketch  of  what  I  did  in  the  field 
so  many  years  ago.  You  are  necessarily  aware  of  the  difficulties  attendant  upon 
field  work  in  the  Konkan,  and  will  therefore  extend  to  my  labours  that  charity 
that  I  suspect  they  much  require. 

I  add  a  tracing  of  a  map  showing  a  few  of  the  centres  of  action,  and  most 
of  tbe  dykes  observed  in  the  Malsege  or  tow'ards  Kalian. 

K 


1\ 


llecords  of  the  Geological  Survey  of  India. 


[vOL.  Xlil. 


DONATIONS  TO  THE  MUSEUM. 


1st  October  to  31si  December  1879. 

Donors. 

Two  spinel-rubies,  with  a  specimen  of  the  matrix :  from  the  Jagdalak  mine. 

Major  Stewart, 
Corps  of  Guides. 

Verde  antique  serpentine,  from  Shigar,  Ladak  :  it  is  locally  called  'lessh.am  (jade). 

Major  Biddulph. 


ADDITIONS  TO  THE  LIBEAEY. 

From  1st  October  to  31st  December  1879. 

Titles  of  Boohs.  Donors. 

Agassiz,  L. — ]5tudes  Critiques  sur  les  Mollusques  Eossiles.  Monographic  des  Trigonies 
(1840),  4.to,  Neuoliatel. 

Ball,  V.— On  Stilbite  from  Veins  in  Metamorphic  (Gneiss)  Eocks  in  Western  Bengal 

(1878),  8vo  pamphlet,  Dublin.  „ 

V.  Ball,  Esq. 

Barbaxde,  Joachim. — Eeapparition  du  Genre  Arethusina  Barr,  et  Faune  Silurienne  des 
Environs  de  Hof  en  Baviere  (1868),  8vo,  Prague. 

Beneden,  van,  and  Gehvais,  Paul. — Osteographie  des  Cetaoes  Vivants  et  Fossiles,  Livr. 
9-11  and  13-16,  pp.  289-352,  409-584,  and  plates  18-20,  27,  27  bis,  28-31,  33-35,  37,41, 
42,  44,  49-52,  54,  65,  67-69,  and  60.64  (1868-1879),  4to  and  fob,  Paris. 

Blanc,  Ed. — litude  sur  Quclques  Fossiles  de  1’  Etage  Turonien  de  Venice  (1876),  8vo  pam¬ 
phlet,  Cannes. 

G.  Nevill,  Esq. 

Breton,  M. — Etude  Geologique  du  Sud  de  la  Concession  de  Dourges  (1873),  8vo,  Lille. 
Bronn,  Prof.— Sur  les  Lois  de  la  Distribution  des  Corps  Organisos  Fossiles  dans  les  Differents 
Terrains  Sedimcntairea  sirivant  I’Ordre  de  leur  Superposition  (1861),  4to,  Paris. 

Beonn’s  Klassen  und  Ordnungen  des  Their-Eeichs.  Band  V,  lief.  28-29,  and  VI,  Abth.  V. 
lief.  21  and  22  (1879),  8vo,  Leipzig. 

Carus,  J.  V.,  &  Gebstaecker,  C.  E.  A.— Handbuch  der  Zoologie,  Band  I,  parts  1-2  (1868 
and  1875),  8vo,  Leipzig. 

CoTTEAU,  G.— Etudes  sur  les  Eohinides  Fossiles  du  Departenient  de  L’Yonne,  Tome  II, 
pp.  251  to  518,  and  plates  71-84  (1879),  8vo,  Paris. 

Cbepin,  F.— Observations  sur  Quclques  Plantes  Fossiles  des  Dep6t8  Devoniens  (1875),  8vo, 
Gaud. 

Due.  P.  van.— Inleiding  tot  de  Geologie  van  Sumatras’s  Westkust.  (1860),  8vo,  Batavia. 
Dumoetier,  Eug.— Etudes  Paleontologiques  sur  les  Dep6ts  Jurassiques  du  Bassin  du 
Ehone,  Part  IV  (1874),  8vo,  Paris. 

Dunn,  E.  J.— Eeport  on  Camdeboo  and  Niewbeldt  Coal,  Cape  of  Good  Hope  (1879),  flsc., 

Cape  Town.  tt 

Ministerial  Department,  Cape  or  Good  Hope. 

Ebbat,  T.— Vc'getarrx  Fossiles  des  Terrains  de  Transition  du  Beanjolais  (1868),  8vo,  Paris. 

Explication  de  la  Carte  Geologique  de  la  France.  Atlas,  Vol.  IV  (1878),  4to,  Paris. 

Fouque,  F. — Santorin  et  ses  Eruptions  (1879),  4to,  Paris. 

Gilbert,  G.  E,— Eeport  on  the  Geology  of  the  Henry  Mountains  (1877),  4to,  Washington. 

Dept,  of  the  Intebior. 


Bp,oords .  Vol33IL 


^  .  A 

fifaU^ijf  (a^ini 
SuidKtt. 


Titwall; 


l^hpwndep 


'tion 


Nana  Gliot 


hui  I  •  e  f 

Moohbab' 


7  iToodhuTL 


.KALIAN 


C-opclee  Gliat 


BUDLAPOOK 


hur 


'^‘Xee  IsSnixulain,, 


/*OU'>LC 


Knrrr  l«e 
J^JcrotjyTfc 


VOLCANIC  FOCI  IN  THE  KONKAN 


ied  \>y  liie  Deccan  Trap.) 


CXliewVl.ole  area,  of  ’Qais 


Mo\mtaA< 


Tlie  strai^Lt  lines  are  dytos 


Bueniia.  SimJcer  6  hat 


dcrtlti. 


dyiinwoleb 


'rrulnniba  Ghat 


LnU  hy  M  R  Adhicnj-y 


I 


f  AUT  1  .] 


Additions  to  the  Library. 


75 


Titles  of  Books,  Donors. 

Haast,  J-  ton. — Geology  of  the  Provinces  of  Canterbury  and  Westland,  New  Zealand. 
(1879),  8vo,  Christchurch. 

The  Author. 

Henet,  James. — Aeneidea,  Vol.  II  (continued),  (1879),  8vo,  Dublin. 

The  Author. 

Higgins,  Eev.  H.  H. — On  some  Fossil  Ferns  in  the  Eavenhead  Collection,  Free  Public 
Museum,  Liverpool  (1872),  8vo,  Liverpool. 

HiiGEL,  C.  F.  TON. — Kaschmir  und  das  Eeich  der  Siek,  Band  I  (1810),  to  IV  (1848),  8vo, 
Stuttgart. 

IssEL,  A.— Appuuti  Paleontologici  (1879),  8vo,  pamphlet,  Genova. 

G.  Nevill,  Esq. 

IssEE,  A. — Di  alcune  here  fossili  del  Finalese  (1878),  8vo  pamphlet,  Genova. 

G.  Netile,  Esq.. 

IssEE,  A, — Osservazioni  Geologiche  sul  Monte  Negro  (1877),  8vo  pamphlet,  Eoma. 

G.  Nbtile.Esq 

IssEE,  A. — Eame  Native  Epigenico  sopl’a  un  dente  di  squalo  e  frustoli  di  piante  convertiti 
in  Limonite  (1878),  8vo  pamphlet,  Eoma. 

G.  Neviee,  Esq. 

IssEE,  A. — Zeolite  ed  Aragonite  (1878),  8vo  pamphlet,  Eoma. 

G.  Neviee,  Esq. 

Kesselmeter,  P.  a. — Ueber  den  ursprung  der  Meteoi'steine  (1860),  4to,  Frankfurt. 

Koninck,  L.  G.  de. — ^Eeoherches  sur  les  Fossiles  Paleozoiques  de  la  Nouvelle-Galles  du 
Sud  (Australie),  with  Atlas  of  plates  (1876-77),  8vo  and  Ito,  Bruxelles. 

Laetbt,  M.  L. — Essai  sur  la  Geologie  de  la  Pale.stine  (1869),  8vo,  Paris. 

Le  Conte,  Joseph. — Elements  of  Geology  (1879),  8vo,  New  York. 

Lesqueeeal*x,  Leo. — Eeport  on  Fossil  Plants  of  the  Auriferous  Gravel  Deposits  of  the 
Sierra  Nevada  (1878),  4to,  Cambridge. 

Main,  Eev.  Eobt. — A  Manual  of  Scientific  Enquiry,  4th  Edition  (1871),  8vo,  London. 

M.ABTENS,  Prof.  E. — Die  Preussische  Expedition  nach  Ost-Asien,  Band  I,  heft  2  (1876), 
8vo,  Berlin. 

Materiaux  pour  la  Paleontologie  Suisse,  Series  I,  fin,  Emyde  et  Yertebres  de  la  Faune 
Eocene,  pp.  105-120  and  plates  11-12  (1857),  4to,  Geneva. 

Miquee,  F.  a.  W. — De  Fossiele  Planteu  van  bet  krejt  in  het  bertogdom  Limburg  (1853), 
4to,  Haarlem. 

Munhoe,  Henry  S. —  The  Gold-fields  of  Yesso  (1869),  8vo,  Tokio. 

Naumann,  Dr.  C.  F. — Palaontologischer  Atlas,  plates  1-LXXX  (1879),  4to,  Leipzig. 

Quesstedt,  P.  a. — Petrefactenkimde  Dentschlands,  Band  III,  heft  6  (1874),  IV  (1876), 
Y  (1878),  YI,  heft  1-3  (1879),  and  plates  (1874-1879),  8vo  and  4to,  Leipzig. 

Eenauet,  B. — Etudes  sur  la  Sigillaiia  spinulosa  etsur  le  genre  Mijelopteris  (1875),  4to, 
Paris. 

Eeports  of  the  Inspectors  of  Coal  Mines  to  Her  IMajesty’s  Secretary  of  State  for  1854, 
1855,  1860,  1868,  1870, 1876  and  1877,  fisc.,  London. 

Eetnoeds,  J.  E.,  and  Baee,  V. — On  an  Artificial  Mineral  produced  in  the  Manufacture  of 
Basic  Bricks  at  Blaenavon,  Monmouthshire  (1878),  8vo  pamphlet,  Dublin. 

V.  Baee,  Esq. 

Eoscoe,  H.  E,,  &  ScHOREEMMER,  C. — A  Treatise  on  Chemistry,  Vol.  II,  part  2,  Metals 
(1879),  8vo,  London. 

Eose,  G.,  &  Sadebeck,  a. — Ueber  die  Krystallisation  des  Diamanten  (1876),  4to,  Berlin.  . 

The  Authors. 

Eoih,  j. — Beitrage  zur  Petrographie  der  plutonischen  Gesteine  (1873),  4to,  Berlin. 

The  Author. 


7G 


Becords  of  the  Geological  Survey  of  India. 


[vOL.  XIII. 


Titles  of  Boohs.  Donors. 

Roth,  Justus. — Studien  am  Monte  Somma  (1877),  4to,  Berlin. 

The  Authoh. 

Sapobta,  Le  Cojitb  de. — Le  Monde  des  Plantes  avant  I’Apparition  de  1’  Homme  (1879), 
8vo,  Paris. 

ScHEADEH,  Db. — Programm  der  Eealsclmle  I.  Ordnuug  im  Waisenhause  zu  Halle  fiir  das 
Schnljahr,  1878-79  (1879),  4to,  Halle. 

Scientific  Results  of  the  Second  Yarkand  Mi.5sion,  based  upon  the  collections  and  notes  of 
the  late  Perd.  Stoliczka,  Ph.  D. :  Mammalia  by  W.  T.  Blanford,  Lepidoptera  by  Fred. 
Moore,  and  Syringosphajridm  by  Prof.  P.  Martin  Duncan  (1879),  4to,  Calcutta. 

Home,  Rev.  &  Agei.  Depabtment. 

Stoppani,  Antoine.— Paleontologie  Lombarde,  Series  II,  parts  1—6  and  10—11,  and 
Series  lY,  parts  3 — 9  (1858-1871),  4to,  Milan. 

SiDDEE,  B. — Geologic  der  Schweiz,  Baud  I  (1851)  to  II  (1863),  8vo,  Bern. 

Tuenee,  Capt.  Samuel. — An  Account  of  an  Embassy  to  the  Court  of  the  Teshoo  Lama  in 
Tibet  (1800),  4to,  London. 

Vogt,  Cael. — ^Lehrbuch  der  Geologie  und  Petrefactenkunde,  4th  Edition,  Band  I  and  II 
(1879),  8vo,  Braunschweig. 
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Athenasum,  Nos.  2707 — 2719  (1879),  4to,  London. 

Beihliitter  zu  den  Anmden  der  Physik  und  Chemie,  Band  III,  Nos.  9 — 11  (1879),  8vo,  Leipzig, 

Bibliotheque  Uuiverselle  et  Revue  Suisse,  3rd  Series,  Vol.  Ill,  Nos.  8 — 10  (1879),  8vo, 
Lausanne. 

Bibliotheque  Universollc.  Archives  des  Sciences  Physiques  et  Naturelles,  3rd  Series,  Vol.  II, 
Nos.  8 — 10  (1879),  8vo,  Geneva. 

Chemical  News,  Vol.  XL,  Nos.  1033 — 1045  (1879),  4to,  London. 

Colliery  Guardian,  Vol.  XXXVllI,  Nos.  975 — 987  (1879),  fob,  Loudon. 

Geological  Magazine,  New  Series,  Decade  II,  Vol.  VI,  Nos.  9 — 11  (1879),  8vo,  London. 

Iron,  New  Series,  Vol.  XIV,  Nos.  348 — 360  (1879),  foL,  London. 

Journal  de  Conchyliologie,  3id  Series,  Vol.  XIX,  No.  3  (1879),  8vo,  Paris. 

Just.,  De.  Leop.' — Botanischer  Jahre.sbetichte,  Jahrg.  V,  Abth.  2  (1879),  Svo,  Berlin. 

London,  Edinburgh  and  Dublin  Philo.sophioal  Magazine  and  Journal  of  Science,  5th  Series, 
Vol.  VI,  No.  37,  and  Vol.  VIII,  Nos.  48 — 50  (1879),  8vo,  London. 
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Mining  Journal,  with  Supplement,  Vol.  XLIX,  Nos.  2298 — 2310  (1879),  fol.,  London. 
Monthly  Journal  of  Science,  3rd  Series,  Vol.  I,  Nos.  69 — 71  (1879),  8vo,  Loudon. 

NaturiB  Novitates,  Nos.  17 — 22  (1879),  8vo,  Berlin. 

Nature,  Vol.  XX,  Nos.  515—527  (1879),  4to,  London. 

Neues  Jahrbuoh  fiir  Mineralogie,  Geologie  und  Palaeontologie,  Jahrg.  1879,  heft  8 — 9  (1879), 
8vo,  Stuttgart. 

Palseontographica,  Band  XXVI,  lief.  1 — 2  (1879),  4to,  Cassel. 

Paleontologie  Prangaise,  1st  Series,  Animaux  Invertebres,  Terrain  Cretace,  livr.  28,  and 
Terrain  Jurassique,  liv.  42  ;  2nd  Series,  Vegetaux,  Terrain  Jurassique,  livr.  28  (1879), 
8vo,  Paris. 

Petermann’s  Geographische  Mittheilungen,  Band  XXV,  Nos.  9 — 11  (1879),  4to,  Gotha. 
Professional  Papers  on  Indian  Engineering,  2ud  Series,  Vol.  VIII,  No.  34  (1879),  8vo, 
Roorkee. 

Thomason  College  of  Civil  Engineering. 
Quarterly  Journal  of  Microscopical  Science,  New  Series,  Vol.  XIX,  No.  76  (1879),  8vo, 
London. 

The  Zoological  Record  for  1877,  Vol.  XIV  (1879),  8vo,  London. 


GOVERNMENT  SELECTIONS,  &c. 


Centeal  Provinces. — Grant  C. — Report  on  the  Administration  of  the  Central  Provinces 
for  1878-79  (1879),  8vo,  Nagpur. 

Chief  Comme.,  Central  Provinces. 
India. — Blanfoed,  H.  P. — Indian  Meteorological  Memoirs,  Vol.  I,  part  3  (1879),  4to, 
Calcutta. 


Meteorological  Department. 
India. — Report  on  the  Administration  of  the  Meteorological  Department  of  the  Government 
of  India  in  1878-79  (1879),  4to,  Calcutta. 

Meteorological  Department. 
„  List  of  Civil  Officers  holding  gazetted  appointments  under  the  Government  of 
India  in  the  Home,  Legislative,  and  Poreign  Departments  on  the  30th 
June  1879  (1879),  8vo,  Calcutta. 

Home  Department. 

N.  W.  Provinces. — Gazetteer  of  the  Province  of  Oudh,  Vols.  I — III  (1877)  8vo,  Lucknow. 

Government,  N.  W.  Provinces. 


TRANSACTIONS,  PROCEEDINGS,  &c.,  OP  SOCIETIES. 

Basel. — Abhaudlungen  der  Schweizerischen  Paliiontologischen  Gesellschaft,  Vol.  V  (1878), 
4to,  Basel. 

Batavia. — Notulen  van  het  Bataviaasch  Genootschap,  Deel  XII,  Nos.  1 — 3  (1874),  XV, 
Nos.  1-4  (1877),  and  XVII,  No.  1  (1879),  8vo,  Batavia. 

The  Society. 

„  Tijdschrift  voor  indisohe  Taal-Land-en  Volkerkunde,  Deel  XIX,  Nos.  1-6 
(1869-70),  XX,  Nos.  1-2  (1871),  XXI,  Nos.  3-4  (1874),  XXII,  Nos.  1-3 
(1874),  XXV,  Nos.  3-4  (1879),  8vo,  Batavia. 

The  Society. 

„  Verhandelingen  van  het  Bataviaasch  Genootschap  van  kunsten  en  Wetens- 
chappen,  Deel  XL  (1879),  8vo,  Batavia. 


The  Society. 
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Beelin. — Monatsbericht  der  Konig.  Preussiscben  Akademie  der  Wissenschaften,  June  to 
Julj  (1879),  8vo,  Berlin. 

The  Academy. 

„  Zeitsckrift  der  Deutsohen  Geologisohen  Gesellschaft,  Band  XXXI,  heft  2  (1879), 
8 VO,  Berlin. 

The  Society. 

Brussels. — Bulletin  de  la  Societe  Beige  de  GeograpHe,  No.  4  (1879),  8vo,  Bruxelles. 

The  Society. 

„  Memoires’de  la  Societe  Royale  des  Sciences  de  Liege,  2nd  Series,  Vols.  II  (1867) 
to  VIII  (1878),  8vo,  Bruxelles. 

Caen. — Memolres  de  la  Societe  Linneenne  de  Normandie,  Vols.  XV  and  XVI  (1869  and 
1872),  4to,  Caen. 

Calcutta. — Journal  of  the  Asiatic  Society  of  Bengal,  Vol.  XLVIII,  Part  I,  No.  3,  and  part 
II,  No.  3  (1879),  8vo,  Calcutta. 

The  Society. 

„  Proceedings  of  the  Asiatic  Society  of  Bengal,  Nos.  VIII — IX  (1879),  8vo, 
Calcutta. 

The  Society. 

Cambeidge,  Mass. — Bulletin  of  the  Museum  of  Comparative  Zoology,  Vol.  V,  Nos.  11-14 
(1879),  8vo,  Cambridge. 

The  Museum. 

Copenhagen. — Memoires  de  1’  Acad&nie  Royale  de  Copenhague,  5th  Series,  Vol.  XII,  No.  4 
(1879),  4to,  Copenhagen. 

The  Royal  Academy. 

„  Oversigt  over  det  kong.  da  ske  Videnskabemes  Selskabs,  No.  2  (1879), 

8vo,  Copenhagen. 

The  Royal  Academy. 

Dresden. — Sitzungs-Berichte  der  Naturwissensohaftlicben  Gesellschaft  Isis  in  Dresden, 
January — June  (1879),  8vo,  Dresden. 

The  Society. 

Dublin. — Journal  of  the  Royal  Geological  Society  of  Ireland,  New  Series,  Vol.  V,  part  2 
(1879),  8vo,  Dublin. 

The  Society. 

,,  Proceedings  of  the  Royal  Irish  Academy,  Series  II,  Vol.  I,  No.  13,  and  Vol.  Ill, 
No.  3  (1879),  8vo,  Dublin. 

The  Academy. 

,,  Transactions  of  the  Ro_val  Irish  Academy,  Vol.  XVI,  Nos.  18-21,  and  XXVII, 
Nos.  2-3  (1879),' 4to,  Dublin. 

The  Academy. 

Lausanne. — Bulletin  de  la  Societe  Vaudoise  des  Sciences  Naturelles,  2nd  Series,  Vol.  XVI, 
No.  82  (1879),  8vo,  Lausanne. 

The  Society. 

Liverpool. — Proceedings  of  the  Liverpool  Geological  Society,  Vol.  Ill,  part  4,  and  IV,  pait 
1  (1878-79)  8vo,  Liverpool. 

The  Society. 

London. — Hunt,  Robert. — Mineral  Statistics  of  the  United  Kingdom  of  Great  Britain 
and  Ireland  for  1877  (1878),  8vo,  London. 

„  Royal  School  of  Mines,  Geological  Survey  of  the  United  Kingdom  and  Museum 
of  Practical  Geology,  2oth  to  28th  Sessions  (1875-1879),  8vo,  London. 
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Losdos. — Rebrs,  Teexhim.  i  RmEE,  F.  W. — Catalogue  of  Specimens  in  the  Museum 
of  Practical  Geology  of  British  Pottery  and  Porcelain,  3rd  Edition 
(1S76),  Sro,  L>jadon. 

MrsErit  OF  Practical  Geology. 

„  Jonmal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland,  Yol.  Ill, 
Xo.  2,  YII,  Xo.  2.  and  Till,  Xo.  4  (1S73,  1S77  and  1S79),  Sro,  London. 

„  Jonmal  of  the  Linnean  Society,  Yol.  XIY,  Zoology,  Xos.  73-79,  Yol.  XYII, 
Botany,  Xos.  9S-1C>2,  and  List  of  Fellows  for  1S77  and  1S7S  (1S7S-1S79), 
Sto,  London. 

The  Society. 

„  Transactions  of  the  Linnean  Society  of  London,  2nd  Series,  Yol.  I,  Zoolosv, 
parts  7-S,  and  Yol.  I,  Botany,  part  6  (1S7S-1S79),  4to,  London. 

The  Society. 

„  Journal  of  the  Eoyal  Geographical  Society,  Yol.  XLYIII  (1878),  Sto,  London. 

The  Society. 

,,  Proceedings  of  the  Eoyal  Geegraphical  Society  and  Monthly  Record  of  Geosraphv, 
Xew  Series,  Yol.  1,  Xos.  9-11  (1879),  Sto,  London. 

The  Society. 

„  Jonmal  of  the  Society  of  Arts,  Yol.  XXYII,  Xos.  1397  to  1409  (1879),  Sro. 
London. 

The  Society. 

„  Proceedings  of  the  Zoological  Society  of  London,  Part  III  (1879),  Sto,  London. 

The  Society. 

„  List  of  the  Yertehrated  Animals  now  or  lately  liting  in  the  Gardens  of  the 
Zoological  Society  of  London,  7th  Ed.  (1879),  Sto,  London. 

The  Society. 

„  Proceedings  of  tlie  Royal  Society  of  London,  Yol.  XXIX,  Xo,  197  (1879),  Sto, 
London. 

The  Society. 

„  Quarterly  Jonmal  of  the  Geological  Society  of  London,  Yol.  XXXY,  Part  III, 
Xo.  139  (1879),  Sto,  London. 

The  Society. 

Lyox. —Archives  der  Museum  d’  Histoire  Xaturelle  de  Lyon,  Yol.  I  (1876)  to  II  (1878),  4to, 
Lyon. 

The  MrsETir. 

Madrid. — Boletin  de  la  Sociedad  Geografica  de  JIadrid,  Yol.  YII,  Xos.  3 — 4  (1879),  Sto, 
Madrid. 

The  Society. 

Maxchestee. — Transactions  of  the  Manchester  Geological  Society,  Yol.  XY,  Xos.  7 — 9 
(1878),  Sto,  Manchester. 

The  Society. 

Melboeexb. — Geological  Surrey  of  Yictoria.  Mtellee,  Baeox  Feed.  tax.  Observations 
on  Xew  Yegetahle  Fossils  of  the  Auriferous  Drifts  (1874),  8vo,  Melbourne. 

„  Reports  of  the  Mining  Surveyors  and  Registrars  for  quarter  ending  30th 

June  1879  (lS79j,  fisc.,  Melbourne. 

Mixixg  Dept.,  Yictoria. 

Moscou. — Bulletin  de  la  Societe  Imperiale  des  Xaturahsts,  Yol.  LIII,  Xo.  4,  and  LIY,  Xo.  1 
(1879),  Sto,  Moscou. 

The  Society. 

„  Xouveaux  Mernoires  de  la  Societe  Imperiale  des  Xaturalistes,  Yol.  XIY,  X o.  1  (1879) 
4to,  Moscou. 


The  Society. 
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New  Zealand. — Pourteentli  Annual  Report  on  the  Colonial  Museum  and  Laboratory  (1879), 
8vo,  New  Zealand. 

The  Museum. 

Paeis. — Bulletin  de  la  Sooietd  Geologique  de  France,  3rd  Series,  Vol.  VI,  Nos.  6—7,  and  VII 
No.  3  (1878-79),  8vo,  Paris. 

The  Society. 

Philadelphia. — Journal  of  tbe  Franklin  Institute,  3rd  Series,  Vol.  LXXVIII,  Nos.  3 — 5 
(1879),  8vo,  Philadelphia. 

The  Institute. 

„  Proceedings  of  the  American  Philosophical  Society,  Vol.  X,  Nos.  73 — 75, 

and  XIV,  No.  92  (1865  and  1866),  8vo,  Philadelphia. 

Pisa. — Atti  della  Sooieta  Toscana  di  Scieuze  Natural!,  Prooessi  Verbal!,  pp.  113 — 131  (1879), 
8vo,  Pisa. 

The  Society. 

Rome. — Atti  della  R.  Aocademia  dei  Linoei,  3rd  Series,  Memorie,  Vol.  II,  parts  1 — 2  (1878), 
4to,  Roma. 

The  Academy. 

Salem.  Mass. — Proceedings  of  the  American  Association  for  the  Advancement  of  Science, 
Aug.  1878  (1879),  8vo,  Salem. 

Stockholm. — Linnaesson,  G. — De  Paleozoi.ska  Bildningarna  vid  Ilumlenas  i  Smaland, 
(1878),  8vo,  Stockholm, 

Geol.  Suevey  of  Sweden. 

„  Mahnfjndigheter  inom  Norrhottens  Lan.  (1877),  4to,  Stockholm. 

Geol.  Suevey  of  Sweden. 

„  Nathobst,  a.  G. — Om  Floran  i  Skanes  Kolforande  Bildningar,  I.  Floran  vid 
Bjuf.,  Part  I  (1878),  4to,  Stockholm. 

Geol.  Survey  of  Sweden. 

„  SvEDMAEK,  E. — Hallo  Ooh  Hunnehergs  Trapp  (1878),  8vo,  Stockholm. 

Geol.  Suevey  of  Sweden. 

„  Sverige, s  Geologiska  Undersokning,  Kartblad,  Nos.  63 — 67  (1878)  8vo,  Stock¬ 

holm. 

Geol.  Survey  of  Sweden. 

„  Toeell,  Otto. — On  the  Causes  of  Glacial  Phenomena  in  the  North-Eastern 
Portion  of  North  America  (1878),  8to,  Stockholm. 

Geol.  Survey  of  Sweden. 

Turin. — Atti  della  R.  Aocademia  delle  Scienze  di  Torino,  Vol.  XIV,  Nos.  6 — 7  (1879),  8vo, 
Torino. 

The  Academy. 

Venice. — Atti  del  Eeale  Istituto  Veneto,  3rd  Series,  Vol.  XII  (1866)  to  XVI  (1871) ;  4th 
Series,  Vols.  I  (1871)  to  II,  Nos.  1—9  (1873),  8vo,  Venezia, 

Vienna. — Ahhandlungen  der  kais.  k5nig.  Geologischen  Reiohsanstalt,  Band  XII,  heft  1 
(1879),  4to,  Wien. 

The  Institute. 

„  Jahrhuch  der  kais.  konig.  Geologischen  Reiohsanstalt,  Band  XXIX,  No.  2  (1879), 
8vo.  Wien. 

The  Institute. 

„  Vorhandlungen  der  kais.  konig.  Geologischen  Reiohsanstalt,  Nos.  7 — 9  (1879),  8vo, 
Wien. 


The  Institute. 
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Washington. — iirst  Annual  Report  of  the  U.  S.  Entomological  Comini.ssion  for  the  year 
1877,  relating  to  the  Rooky  Mountain  Locust  (1878),  8to,  Washington. 

Home,  Rev.  and  Ageic.  Uept.,  Calcutta. 
*  Yokohama.— Mittheilungen  der  Deutschen  Gesellschaft  fiir  Natur  und  Volkerkunde  Os- 
tasiens  heft  18 — 19  (1879),  4to,  Yokohama. 


The  Societt. 

Transactions  of  the  Asiatic  Society  of  Japan,  Vol.  VII,  part  4  ( 1879),  8vo, 
Yokohama. 


The  Societt. 
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Geological  Notes  hy  C.  L.  Griesbach,  F.G.S.,  Geological  Survey  of  Indi». 

1.  The  metamorphio  rochs  of  the  Himalayas. — It  is  not  my  intention  to  des¬ 
cribe  here  in  detail  the  rooks  composing  the  Himalayas  ;  for  this  I  may  refer  the 
reader  to  the  pages  of  the  Manual  and  the  Memoirs.  I  will  only  state  that  I 
could  not  see  any  material  difference  either  in  lithology  or  any  other  character 
between  the  metamorphics  of  the  plains  of  India  and  those  of  the  hills.  Here 
as  there  we  have  a  gi'eat  deal  of  gneissic  rocks  of  a  porphyritic  structure,  tra- 
vei’sed  by  many  veins  of  granites  of  various  character,  and  in  that,  I  may  here 
mention,  these  rocks  reminded  me  forcibly  of  the  granitic  gneiss  of  the  Cape, 
with  its  large  felspar  twin-crystals,  to  which  Hochstetter  has  long  ago  draivn 
attention.  Here  as  there  W'e  have  folds  of  metamorphic  schists  of  every  litholo¬ 
gical  variety,  traversed  by  hornblendic  dykes,  probably  old  trap  outbursts.  And 
both  in  the  Peninsula  and  the  Himalayan  chain,  the  average  strike  of  the  meta- 
morphic  rocks  is  somewhere  from  east  to  west,  and  in  that  also  these  rocks 
correspond  with  the  metamorphics  of  South  and  Eastern  Africa. 

When  travei'sing  the  Southern  Himalayas  from  south  to  north,  two  gneissic 
areas  are  met  with,  piarallel  to  each  other,  and  extending  more  or  less  along  the 
whole  known  part  of  the  mountain  chain.  The  first  line  is  in  tbe  lower  moun¬ 
tains  south  of  the  main  chain,  and  in  the  Kumaun  section  the  Almora  hill  is  a 
point  in  that  line.  Further  north  is  the  main  gneissic  area  of  tbe  great  southern 
or  Indian  snowy  range,  with  Nandadevi,  Trisul,  Mana,  and  other  giants  rising 
far  above  24,000  feet.  Between  and  skirting  these  gneissic  lines,  a  series  of 
metamorphic  schists  form  most  of  the  intermediate  gi’ound.  In  the  Kumaun 
sections,  they  are  found  to  dip  north  inside  the  first  range  (Naini  Tal,  etc.), 
and  to  pass  with  the  Almoi'a  gneiss  below  the  Bageswar  limestones  ;  in  this  forma¬ 
tion  the  dip  is  rolling,  once  south,  then  north  again,  and  finally  it  appears  to 
pass  under  the  second  and  great  central  gneiss  area,  but  in  reality  the  strata  foi-m 
with  the  latter  a  great  fold,  the  upper  part  of  which  has  been  removed  by  denuda¬ 
tion.  On  the  other  side  of  the  gneissic  area  the  schists  re-appear  again,  reclining 
on  the  gneiss,  and  finally  dipping  below  the  old  slate  formation,  which  I  shall 
presently  prove  to  be  not  younger  than  Cambrian.  > 


"‘■'••^UaxidaDevi 

25  6  6o. 


[VOI;.  XIII. 


8‘i 


Records  of  ike  Geological  Survey  (f  India. 


ci  .a 

S  5 

S  5 


TIlo  features  may  roughly  be  sketched 
as  shown  in  the  annexed  section,  in 
which  I  have,  of  course,  omitted  all  the 
numerous  minor  folds  and  a  few  faults 
and  dislocations  which  must  of  necessity 
occur  whore  such  enormous  tension  ex¬ 
isted, 

2.  Pre-Silurian  rocis  of  the  Himalayas. 
— Nearly  all  sections  through  the  Hima¬ 
layas  reveal  on  the  northern  slope  and 
below  the  fossiliferous  Silurian  series  a 
formation  which  has  often  been  noticed 
and  always  been  described  as  the  “  Slate 
scries.”  The  lowest  member  of  it  is 
probably  a  gi’eenish  silky  and  semi-meta- 
morphic  slate,  seen  near  Milam  to  pass 
into  the  schists  below.  But  higher  u])  it 
passes  soon  into  a  purple  or  dark  blue 
quartzite  in  thick  beds  associated  with 
beds  of  a  peculiar  jasper-like  conglome¬ 
rate,  which  in  some  sections  forms  the 
lowest  bed  near  the  contact  with  the 
metamorphics.  Not  a  single  trace  of 
fossils  has  been  found  in  this  group, 
which  is  very  much  contorted.  It  is 
now  crumpled  up  into  a  narrow  strip,  so 
that  its  thickness  cannot  even  be  guessed 
at. 

Higher  beds,  consisting  of  silky  green¬ 
ish  slates,  quartzites,  and  lastly,  of  a 
dense  rod  quaitz-slate,  seem  at  a  few 
places  to  rest  unconformably  on  the  lower 
group,  and  everywhere  dip  below  the 
fossiliferous  Lower  Siluriuih  formation. 

A  few  indistinct  traces  of  Bii-alves, 
and  Pleurotomaria  ?  Bollerophon  ?  were 
found  in  it.  There  is  very  little  doubt 
as  to  the  propriety  of  classing  these  last 
rocks  with  the  Cambrian  series  of  else¬ 
where,  on  the  grounds  of  their  relation 
to  tho  overlying  strata,  which  by  their 
fossil  contents  are  abundantly  proved  to 
belong  to  the  Lower  Silurian  system. 
The  lower  groiq)  of  quartzites  and  con¬ 
glomerates  may  then  bo  termed  Lower 
Cambrians  ;  and  the  whole  ro.sts  more  or 
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less  conformably  on  the  underljhng  metamorphic  series,  and  shares  with  the 
latter  in  the  general  folding  and  disturbance  of  the  strata. 

In  one  or  more  of  the  folds  of  metamorphic  rocks  shown  in  the  section,  fig.  1, 
1  found  inclosed  and  folded  into  a  narrow  strip  a  mass  of  limestones,  calcai'eons 
conglomerates  and  shales,  here  and  there  silicions,  which  at  once  reminded  me  of 
the  Cambrians  of  the  northern  slope  of  the  Himalayas.  Thoi’o  the  conglomerates 
consisted  entirely  of  quartzites,  the  same  as  the  cementing  matrix,  and  formed 
with  the  latter  a  very  hard  jasper-like  rock.  Here  the  conglomerates  are  a  hard 
grey,  silicions  limestone,  pebbles  as  well  as  matrix.  I  believe  that  the  Bageswar 
limestone  really  represents  a  limestone  facies  of  the  slate  series  or  Cambrian ;  and 
in  connection  with  the  folding  of  the  metamorphic  series  I  consider  them  part 
of  the  same  marine  development  of  the  Cambrians,  now  severed  fi’om  the  strip 
north  of  the  central  fold  by  the  erosion  of  the  upper  arch  of  the  anticlinal. 

As  indicated  in  the  sketch  section,  fig.  1,  I  include  the  Naini  Tal  (Cheena) 
limestone  for  the  present  in  that  old  Cambrian  formation.  Though  the  relations 
of  this  rock  to  the  neighbouring  tertiaries  and  basaltic  traps  is  not  quite  clear’, 
it  seems  best  for  the  present  to  class  them  with  the  Bageswar  rocks,  'with  which 
they  have  much  in  common.  The  Naini  Tal  beds  seem  to  dqr  below  the  meta- 
morphics,  hut  in  reality  rest  above  them  and  merely  conform  with  them  in  a 
curve,  which,  as  nearly  all  the  larger  ones  in  this  section,  have  lost  the  upper  arch 
by  denudation,  as  showrr  in  the  above-mentioned  sectiorr.  It  is  needless  to  state 
here  that  the  Naini  Tal  lindestone  has  been  compared  with  the  Krol  limestone  of 
Simla. 

3.  The  Pre-Silurian  roeJes  of  the  Peninsula. — In  Central  and  Southern  India 
there  is  found  a  formation,  covering  the  metamorphies  in  patches,  and  in  some 
places  overlaid  by  the  Vindhian  sandstones.  Various  are  the  strata  occupying 
this  position  between  these  two  rock  gronj)S,  though  mostly  silicions,  here  and 
there  calcareous,  with  hods  of  conglomerates,  and  as  yet  helicvcd  to  ho  wholly 
unfossiliferous.  Last  year  whilst  traversing  the  Vindhian  range  on  the  Sonc 
river,  I  observed  a  series  of  rocks,  jasper-like  conglomerates,  quartzites  and 
grey,  almost  crystalline  limestones  underlying  the  lower  Vindhian  sandstone  near 
Agori  Khas,  which  afterwards  I  could  not  help  but  compare  with  the  .similar 
rocks  of  the  Himalayas.  Here  as  there  they  rest  directly  on  the  metamorphic 
rocks. 

4.  The  Palceozoio  roofes  of  the  Himalayas ;  Silurian  to  Garhoniferous. — Directly 
resting  on  the  Cambrian  slate  series  I  found  a  group  of  rocks  as  follows  : — 


Uanfmcj  :  Lower  Trias. 


(About)  350' 
350' 
666' 
1,129' 
203' 


wliite  quartzite  with 
red  crinoicl  limestone 
coral  limestone 
quartzite  and  slates  . . . 
coral  liinestone 


j  Cai’bonif  evens 

Devonian? 

Upper  Silurian 

Lower  Silurian  (Caradoe) 


4 

3 

2 

1 


6,573' 


Ijijir'g :  Upp(.'r  Cambrian. 
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j  will  not.  now  enter  into  the  description  of  this  series,  all  the  heds  have 
proved  rich  in  fossil  contents,  excepting  group  3,  which  has  only  yielded  a  few 
casts  of  Orthoceras  and  a  few  Coi-als,  which  may  he  either  Devonian  or  Carhoni- 
ferous.  Most  of  the  fo&sils  have  already  "been  described  by  General  Strachey, 
and  Messrs.  Salter  and  Blanford,  It  is  an  nninterrnpted  series  of  beds,  passing 
one  into  the  other  almost  imperceptibly,  bnt  bearing  unmistakable  fossil  evi¬ 
dence,  the  lowest  bed  of  which,  above  the  Cambrian  slates,  contains  many  of  the 
English  Caradoc  forms,  and  the  uppermost  member  of  which  group  of  rocks 
(the  white  quartzite)  contains  true  Carboniferous  braohiopods. 

5.  Break  between  Carhoniferous  and  Trias,  — The  close  of  the  Carboniterous 
series  mai’ks  a  great  change  in  the  Himalayan  area.  The  next  succeeding  series 
of  rocks  resting  on  the  Cai'boniferous  is  the  Trias,  ushered  in  by  its  lowermost 
member,  the  Alpine  Werfen  heds,  •with  all  its  chai’acteristie  fossils.  In  some  of 
the  sections  the  contact  of  the  two  groups  is  apparently  perfectly  conformable, 
but  the  absence  of  the  white  quartzite  in  some  sections,  when  the  dark  bituminous 
and  micaceous  Trias-base  rests  directly  on  the  Red  Crinoid  limestone,  besides  the 
total  absence  of  the  Permian  group,  clearly  points  to  a  change  of  conditions, 
which  must  have  taken  place,  at  least  here,  after  the  close  of  the  Carhoniferous 
epoch.  The  explanation  of  this  must  be  sought  elsewhere. 

6.  The  Paheozoic  rocks  of  South  Africa. — Some  time  ago  I  had  the  good  for¬ 
tune  to  be  able  to  study  three  great  cross-sections  through  South  Africa  and 
part  of  a  fourth,  namely — 

(1)  Prom  Table  Bay  to  the  Great  Karoo; 

(2)  From  Algoa  Bay  inland ; 

(3)  From  Port  Natal  to  the  Drakensberg ;  and 

(4)  About  200  miles  up  the  Zambezi  on  the  east  coast ;  but  this  latter 

is  made  veiy  complete  by  the  help  of  tbe  observations  of  the  late 
ill'.  R.  Thornton,  the  geologist  of  the  first  Livingstone  expe¬ 
dition,  whose  extensive  journals  were  placed  in  my  hands  by  the 
Royal  Geographical  Society. 

But  one  of  the  best  sections,  and  also  the  earliest  described,  is  the  first, — between 
the  Table  Bay  and  the  Great  Karoo,  a  distance  of  about  140  miles.  As  this  one 
illustrates  all  the  features  for  comparison  with  our  Indian  formations,  I  will  select 
it  for  the  puiqDose. 

The  lowest  rock  seen  is  a  gneissic  and  porphyritic  granite,  which  forms  the 
base  of  the  Cape  Table-mountain,  of  the  Devils-peak  and  Lions-rump.  It  is 
seen  in  several  places  along  the  section  cropping  up  ■with  other  metamorphic  rocks 
beneath  a  slate  formation,  containing  fossils.  This  slate  formation  probably 
represents  all  the  lower  palaeozoic  rocks.  The  great  mass  of  it  appears  to  be  of 
Devonian  age,  proved  so  by  an  abundant  fossil  yield.  It  is  very  probable  'that 
also  the  lower  palaeozoic  formations  are  there  represented,  as  Hochstetter  has 
already  hinted  at,’  and  recent  finds  of  fossils  make  this  very  probable.”  The 
whole  is  very  much  contorted  and  rolled  up,  evidently  by  a  side  pressure  coming 

’  Dr.  P.  von  Hochstetter  :  Reise  der  Oesterr.  Fregatte  Novara  ;  Geol.  Theil.,  p.  32, 

*  H.  Vi’oodward :  Quar.  Jour.  Geol.  Surv.,  1S72,  p.  31, 


PART  2,] 


Grieshach  :  Geological  Notes, 


87 


from  the  south, — the  general  strike  being  about  east  to  west  or  nearly  so. 
Devonian  beds  with  almost  the  same  fossil  contents  are  found  in  the  Falkland 
Islands,  South  America. 

Quite  unconformable  on  it  lie  the  so-called  Table-mountain  sandstones.  I 
need  scarcely  say  that,  as  the  name  implies,  the  stratification  is  almost  horizontal, 
sometimes  quite  so,  thus  forming  a  marked  physical  feature  in  the  landscape. 
They  are  made  up  of  red  and  brown  gritty  sandstones,  of  hard  quartzites  and 
partings  of  silicious  shales. 

When  I  crossed  the  Vindhians  last  year,  I  was  at  once,  and  forcibly,  reminded 
of  the  South  African  tablelands,  not  only  by  the  similar  scarpied  outlines,  but 
also  by  the  similarity  of  lithological  character. 

A  few  thin  seams  of  coal  have  been  found  in  the  Table-mountain  sandstone, 
and  a  few  badlj^  preserved  traces  of  fossil  plants,  probably  of  Lepidodendron, 
pointing  to  a  Carboniferous  age  and  to  fresh- water  conditions.  As  Hochstetter 
has  already  jjointed  out  long  ago,  the  Table-mountain  sandstone  is  enclosed 
between  the  Devonian  formation  on  one  side  and  the  loAver  Karoo  beds  on  the 
other ;  the  latter  are  most  likely  of  Tidassic  or  Permian  age,  so  therefore  the  age 
of  the  Table-mountain  sandstone  becomes,  as  a  matter  of  course,  Carboniferous. 

The  close  of  the  Carboniferous  epoch  marks  a  great  change  of  condition.s 
here.  A  steady  pressure  from  the  south,  which  before  had  ali-eady  lifted  the 
Devonian  deposits  above  the  level  of  the  sea  before  the  deposition  of  the  sand¬ 
stones,  resulted  in  crushing  and  faulting  of  parts  of  the  horizontal  beds  of  the 
Carboniferous,  and  a  further  rise  of  a  fringing  southern  belt  of  the  Table-mountain 
sandstone,  with  a  corresponding  depression  northwards,  in  which  the  first 
deposits  of  the  Karoo  series  could  be  laid. 

We  see  therefore  that  it  is  with  the  dose  of  the  Carhoniferous  that  changes  of 
conditions  begin,  m>d  an  entirely  neto  series  of  forms  ojjpear  of  a  decidedly  mesozoic 
type.  There  is  a  break,  into  which  nothing  will  fit,  but  perhaps  a  widely  extended 
boulder  bed  at  the  base  of  the  succeeding  Karoo  beds,  and  as  yet  found  devoid 
of  organic  remains. 

7.  The  Indian  Peninsula  during  the  palmozoio  epoch, — As  noticed  above,  a 
series  of  rocks  of  a  semi-metamorphic  character  occu23ies  in  some  parts  of  Central 
and  Southern  India  the  position  between  the  metamorphics  on  one  side  and  the 
Vindhian  sandstone  on  the  other.  These  rocks  have  received  many  names  and  are 
described  at  length  in  our  Memoirs.  Since  all  are  older  than  the  Vindhians, 
and  in  some  respects  analogous  with  the  marine  Cambrian  deposits  of  the 
Himalayas,  I  may  class  them  together  as  representing  the  Cambrian  series. 
With  the  Cambrians  of  the  Central  Himalayas  they  have  this  structural  character 
in  common,  that  they  share  with  the  underlying  metamorphics  in  all  disturbances 
which  have  affected  the  latter  both  in  the  hills  and  in  the  Peninsula,  and  that 
the  succeeding  formation  shows,  in  places  at  least,  an  unconformity.  A  s  I  have 
shown  above,  there  is  an  uninterrupted  series  of  marine  palseozoic  rocks  to  be  found 
on  the  north  slope  of  our  Himalayas ;  not  a  single  member  of  the  marine  series  is 
met  with  south  of  the  central  range,  and  it  is  fair  to  assume  that  the  present 
central  range  marked  the  palseozoic  boundary  between  land  and  ocean,  or  very 
nearly  so.  If  my  assumption  is  correct  that  the  pre-Vindhian  rocks  are  identical 
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witli  tlie  Cambrians  of  tlie  Himalayan  area,  then  it  is  also  certain  that  the  change 
of  jjhysical  conditions  took  place  near  the  close  of  that  epoch,  and  this  is  jn’oveu 
by  the  unconformity  which  mai-ks  the  junction  with  the  overlying  rocks,  in  the 
hills  the  Silurians.  How,  assuming  that  this  break  after  the  pre-Vindhian  ejioch 
corresponds  with  the  one  which  occurs  after  the  deposition  of  the  Cambrians  in 
the  hills,  we  further  perceive  that  on  one  side  (Himalayas)  wo  have  a  great 
series  of  marine  palosozoic  rocks,  whereas  on  the  other  side  (the  Peninsula)  only 
a  mass  of  sandstones,  quai’tzites,  and  shales  is  found  next  in  succession.  Prom 
henceforth  the  physical  conditions  of  the  peninsula  are  those  of  terra  Jirma,  and 
it  is  beyond  doubt  that  some  of  the  sandstones  may  rej)rescnt  one  or  more 
members  of  the  palmozoic  scries.  It  has  before  been  assumed  that  the  Vindhians 
n\a,y  be  Silurian,  pcihaps  even  pre-Silurian,  but  I  argue  that  the  Vindhian 
sandstones,  &c.,  represent  the  whole  of  the  palaeozoic  rocks  up  to  the  close  of  the 
Carboniferous,  and  that  there  was  not  a  long  continued  break  between  the  depo¬ 
sition  of  the  last  Vindhians  and  the  lowest  Gondwmna  rocks.  Ascending  the 
scale  of  palceozoic  rocks  in  the  hills  we  find  au  unbroken  series  until  w'e  reach 
the  close  of  the  Carboniferous  rocks,  'whore  we  find  a  hrealc — Triassic  rocks  of 
European  type  resting  directly  on  Caihoniferous.  Some  disturbances  must  have 
taken  place  to  piroduce  this  break,  changes  of  physical  conditions  which  must 
liavc  affected  the  Indian  Penin.sula.  Now,  if  we  search  for  the  signs  of  these 
changes  south  of  the  central  range,  wo  notice  the  first  unconformity,  the  first 
break  between  the  Vindhians  and  the  Talchirs.  There  is  therefore  good  evidence 
that  the  former  are  sirapily  the  freshwater  facies  of  the  whole  of  the  pralasozoic 
series  and  that  the  Upjper  Vindhians  represent  the  Carboniferous  formation. 
And  indeed  this  is  likely  enough  if  -yv'e  comprare  this  group  with  the  similar 
Table-mountain  sandstone  of  the  Cap)e ;  these  two  groups  not  only  resemble 
each  other  in  petrological  characters,  but  occupsy  relatively  the  same  geological 
position. 

8.  The  mesosoic  forriiaiionx  in  the  Himalayas. — On  the  Carboniferous  in  the 
Kumaun  sections,  and  on  older  rocks  elsewhere  pirobably,  we  find  the  mesozoic 
series  ushered  in  by  beds  corresp)onding  to  the  Bunter-Sandstein  of  Europe,  or 
more  correctly  to  the  Wefen  beds  of  the  Alps.  I  wms  able  to  distinguish  the 
following  groujjs  of  the.  Trias  and  Rha3tic' : — 


Rhcetic 


Trias  ... 


Ainoiila  coniortahoAs  ...  ...  ... 

LitliodondroU'limestonc  (Mf^alodon  triquefer)  with  several  partings 
of  foRsilifcrons  beds,  probable  x’epresentatives  of  the  lower  Kossen 


beds  of  the  Alps  ... 

Dolomites  with  partings  of  Lithodcudrondimestone 

Bro^Yn  limestones  with  greenish  shales  ...  782' 

Greenish  shales  ...  ...  ...  ,,,  ...  160' 

Black  limestones,  with  splintery  shales  ...  ...  ...  483' 

Grey  limestones  ...  ...  ...  ...  ...  50' 

Limestone,  earthy  ...  ...  ...  ...  3' 

^a^Pil^’IcWorfenbods)  . 184' 

Seissev  > 


2,213' 


1,662' 


'  For  a  more  detailed  description  and  correlation  of  the  Triassic  and  I!ha>tic  series,  I  refer  to 
the  companion  paper  in  this  number  of  the  Records  “  Palmontological  notes  oh  the  lower  Trias 
of  the  HimatayasT 
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The  topmost  bed  of  the  Rhastic  passes  into  a  thin  bed  (which  is  wanting  in 
some  sections)  containing  already  Liassic  forms,  bnt  after  tliat  a  break  occni's. 
Not  a  single  member  of  the  lower  Oolite  is  found,  the  only  re2^resentiitivo  of  the 
Oolite  (the  well-known  Spiti  shales)  contains  forms  of  the  upper-middle  Oolite. 
The  ujjper  Jurassic  bed.s  are  quite  unfossiliferous  dark  shales.  On  them  rest 
cretaceous  gi’ccuish  shales  (olive  shales  of  the  Punjab  P)  and  quartz  sandstones 
cajiped  by  a  white  limestone  with  many  cretaceous  fossils  (Stoliezka’s  Cliikkiiii 
limestone) . 

9.  The  mesozoic  groups  of  the  Peninsula. — As  already  explained  in  the  above 
notes,  we  meet  with  the  first  great  bi'eak  of  deposits  of  the  Peninsula  between 
the  Helper  Vindhians  and  the  lowest  Gondwana  rocks,  a  break  which  I  have 
tried  to  demonstrate  must  rejireseut  the  break  which  is  found  between  the 
Carboniferous  and  the  Trias  groujas  of  the  Himalayan  area,  and  wliich  thci’efoi'c 
falls  into  the  Permian  epoch,  an  ejjoch  which,  both  in  Europe  and  North-Western 
Asia,  represents  a  2)nssage  between  the  Palaeozoic  and  Mesozoic  tyj^cs  of  life. 

We  know  that  great  changes  of  laud  and  water  took  place  in  the  Australian 
region  during  Cai-boniferous  times,  and  partly  continued  during  the  following 
periods.  Into  that  e2)oeh  fall  the  de)wsit.s  of  the  lower  gron|j  of  beds  containing 
many  plants  of  carboniferous  aspect,  dcscilbcd  by  Hr.  O.  FeistmanteP  and 
associated  with  forms  again  met  with  in  the  shales  and  silty  beds  of  the  Talcliirs 
and  Karharbari  group,  figured  and  described  by  the  same  author.  Wc  must 
■assume  a  distui-banco  of  some  continuation  and  magnitude  to  exjtfain  both  the 
unconformity  of  the  Talchirs  on  Vindhian  and  the  Trias  on  Carboniferous  series 
in  India ;  accompanied  as  it  is  by  an  influx  of  forms  belonging  to  the  u])por 
Carboniferous  of  Australia,  it  is  only  fair  to  assume  that  a  23rossuro  was  exerted 
towai’ds  India  from  the  south-east,  causing  a  successive  “  landwave”  to  transmit 
eastern  forms  of  terrestrial  life,  to  travel  west  and  25crhap.s  northward — to  India 
and  China. 

I  believe  the  direction  of  tiiis  great  landwave  to  have  been  nearly  at  right 
angles  with  the  line  of  strike  of  the  older  north-ea.st  v'ave,  wliich  caused  the 
distribution  of  land  and  water  to  change  during  palaiozoic  times,  traces  of  which 
are  found  in  the  post-Cambrian  both  in  the  Himalayas  and  the  Peninsula. 

We  see  the  existence  of  these  two  wave.s  clearly  exemplilied  in  the  2)rof3cnt 
shape  of  the  Peninsula  not  less  than  in  the  long  folds  of  the  Himalayas, 
extending  iu  a  north-west  to  south-east  direction  across  A.sia,  forming  a  series  of 
2)arallel  ranges  of  groat  elevation,  and  also  in  the  more  or  less  latitudinal  sti'iko 
of  the  folds  of  older  rocks  of  the  Peninsula  of  India  and  of  South  Africa,  the 
groat  river  valleys  of  which  two  areas  indicate  this  direction  by  their  course. 
Those  25al£eozoic  fold.s  are  traversed  by  fold.s  (accompanied  by  local  dislocations), 
running  (nearly)  in  a  north-south  direction  across  the  ranges,  now  dee2icncd  by 
the  eroding  agencies  of  glaciers  and  rivers,  and  which  have  sha2ied  the  beds  of 
the  palaeozoic  rocks  into  more  or  less  dome-sha23cd  masses,  like  so  many  enormous 
and  inverted  cups  ranged  side  by  side  in  the  ranges  of  the  Central  Himalaya.s. 
Not  less  is  it  demonstrated  by  the  direction  and  com2)0.sition  of  the  Burmese 

‘  I’lilaiozoisclie  und  mesozoisclic  Flora  dcs  dsHiclieu  Auslraliciis.  tii  Fiilicoiitograjdiica, 
Snppl.  Ill,  I.icf.  Ill,  Hft.  4.,  1879, 


90 


Records  of  f/ie  Geohcj'ir.al  Siirvei/  of  India. 


[VOL.  XIII. 


chain  of  hills,  where  we  find  Triassic  marine  beds  immediately  in  rear  of  the 
advancing  “landwave”,  which  brought  mesozoic  forms  of  life  to  India  from 
Australia. 

It  is  at  least  probable  that  the  later  Carboniferous  forms  wandered  westwards 
from  Australia  during  Permian  times  and  reached  India  in  that  epoch  ;  in  the  wide 
basin-shaped  folds  of  the  crystallines  and  oldest  palaeozoic  rocks  of  the  peninsula 
great  inland  lakes  were  depositing  material  for  ages  during  the  whole  of  the 
middle  and  close  of  the  paleeozoic  times.  The  same  conditions  but  on  an  altered 
surface,  still  prevailed  to  a  certain  extent  during  the  Permian  times,  for  we  see 
the  oldest  deposits  of  the  incoming  period  deposited  in  wide  and  ajiparently  open 
basins, — side  by  side  with  the  basins  of  the  palmozoic  epochs.  During  the  enor¬ 
mous  periods  of  the  Tria.ssic  aud  Rlnetic  times,  when  huge  deposits  of  marine 
beds  took  place  in  the  northern  or  Himalayan  region,  the  same  south-eastern 
pressure  continued  more  or  less,  with  the  result  of  still  more  elevating  and  drain¬ 
ing  the  peninsula,  converting  the  lake-basins  into  great  river  valleys,  at  the  same 
time  depressing  the  Central  Asian  triassic  sea,  thus  uniting  the  European  (Alpine) 
with  the  Armenian  (Asia  Minor,  Caucasus)  with  the  Northern  (Siberia) 
and  Southern  (Himalayan)  basins,  the  deposits  of  which  all  show  the  most 
wonderful  similarity  of  animal  life  'which  must  have  existed  in  those  times. 

Another  link  in  the  chain  of  evidences  in  this  direction  is  the  continuity  of 
Mesozoic  freshwater  deposits  of  South  and  Central  iAfrica,  ivhere  we  find  the 
extensive  Karoo  series  from  the  bottom  boulder-bcds  (=  Talchira)  to  the  topping 
sandstones  of  the  Di'akensborg  mountains  as  nearly  the  same  series,  and  con¬ 
taining  similar  species  of  fossil  plants  and  terrestrial  animals,  as  our  own  Gond- 
wfinas.  Such  an  extensive  rise  of  land  may  well  correspond  to  a  widespread 
triassic  ocean  extending  over  the  north-western  half  of  Asia  and  a  great  part  of 
Europe. 

After  the  deposition  of  the  youngest  members  of  the  RhEctic  or  lower  Lias,  a 
change  in  the  outline  of  the  great  southern  continent  takes  place.  Part  of  the 
present  Indian  ocean  was  formed,  aud  the  sea  encroached  along  the  western 
margin  of  the  iiresent  peninsula,  thus  enabling  the  fluviatile  deposits  of  the 
upper  Gondwanas  to  mingle,  with  the  upper  J urassios  of  Cntch.  Similar  changes 
took  place  along  the  southern  coast  of  Africa,  ride  the  Jurassics  of  Uitenhage. 
Pi'obably  the  great  island  of  Madagascar  is  a  standing  monument  of  the  former 
extent  of  the  triassic  continent  of  Gondwana-Karoo  type.  Extensive  sandstone 
deposits  fringing  the  crystalline  centre  are  described  to  occur  in  the  island. 

Indeed,  the  partial  disturbance  of  post-Liassic  times  coiTesponds  with  the 
reported  overlap  of  the  upper  Gondwanas  (Mahadevas)  over  the  older  Gond¬ 
wanas,  and  also  with  the  absence  in  the  Central  Himalayan  area  of  the  Lo-iver 
Oolite ;  on  the  lowest  Liassic  beds  (which  possibly  belong  really  to  the  upper 
RhEetics)  follow  immediately  the  Spiti  shales  of  upper-middle  Oolitic  age. 

10.  The  lower  Trias  in  the  marine  and  in  the  continental  regions. — Long  ago 
attention  was  directed  to  the  Triassic  deposits  of  the  Alps  by  the  excellent  works 
of  the  Austrian  geologists,  being  remarkable  as  containing  a  singular  admixture 
of  Palaeozoic  forms  of  life  with  Mesozoic  types.  This  is  especially  the  case  in  the 
oldest  Trias  beds, — in  the  so-called  Werfen  beds,  which  lately  have  been  divided 
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again  into  two  siib-groups,  both  of  which  I  recognized  in  the  Himalayas. 
These  base  beds  really  represent  the  Bnntsandstein  of  extra-alpine  areas,  but 
have  a  wide  extent,  being  now  known  over  a  great  paid  of  Armenia,  the  Caucasus, 
probably  Siberia,  and  certainly  the  Tibetan  area.  In  a  paper  in  this  number 
of  the  Records  I  give  short  descriptions  of  a  few  new  forms  of  Cephalopod.s 
from  this  bod,  along  with  a  fragmentary  notice  of  its  fos.sil  contents  generally. 
Resides  all  the  principal  fossils  characteristic  of  the  Worfen  beds  of  the  Ea.stern 
Alp.s,  I  found  associated  with  them  numerous  parent  forms  of  Ammonite  genera, 
later  on  develojied  in  the  Trias,  and  also  an  undoubted  Prodnetus,  which  most 
resembles  the  Productus  latirostratus,  Hoivse,  of  the  Permian.  It  is  therefore  a 
bed  containing  an  admixture  of  palteozoic  forms  with  yonneer  types,  but  the 
intimate  relation  with  the  overlying  Trias  and  Rluntic  is  well  proved  by  the 
constant  appearance  of  these  variegated  shales  and  limestones  at  the  base  of  the 
llnschelkalk,  overlapiiing  in  succession  the  various  beds  composing  the  Cai'- 
boniferous  formation. 

Turning  to  the  Peninsula,  we  find  in  like  manner  the  base-rock  of  the  Gond- 
wanas,  represented  by  the  Talchirs  with  Karharbari  bods,  containing  (according 
to  Dr.  Feistmantel,  who  was  the  first  who  drew  attention  to  this  fact),  besides  the 
forms  later  on  so  common  in  the  Gondwanas,  species  closely  allied  to,  if  not 
identical  with,  the  younger  Carboniferous  plants  of  Austi’alia.  If  it  is  at  all 
possible  to  compare  marine  beds  wdth  fresh  water  dejrosits,  then  surely  the  com¬ 
parison  between  the  “  Werfen  beds  ”  of  the  Himalayas  with  the  Talchir- Karhar¬ 
bari  beds  afford  many  points  of  analogy  :  both  ai-e  the  first  deposits  which  |take 
place  after  the  i-eadjustment  of  physical  conditions  in  postpalceozoic  times,  and 
both  contain  a  mixture  of  younger  palseozoic  and  of  triassic  types  of  forms.  I 
have,  therefore,  referred  both  these  groups  to  the  same  parallel  in  the  annexed 
table. 

11.  The  Tertiary  serien  of  the  Tibetan  Himalayas. — The  cretaceous  limestones 
mostly  occujry  the  last  range  of  hills,  forming  as  it  were  a  rim  around  the  vast 
high  plateau  of  Tibet ;  beymnd  is  a  wide  expanse  of  Tertiary  rocks,  beyond 
which  appears  again  the  mesozoic  section.  I  only  examined  the  series  as  far  as 
the  Sutlej,  which  river  flows  through  upper  Tertiary  deposits. 

Leaning  against  the  cretaceous  series  of  the  Tibetan  passes,  I  forrnd  white  and 
red  limestones,  with  a  few  indi.stinct  traces  and  sections  of  Numraulites,  the  whole 
traversed  by  enormous  dykes  of  a  basaltic  trap,  which  has  completely  altered  the 
rocks  into  a  kind  of  semi-metamorphic  mass,  in  some  parts  resembling  a  por- 
Stoliezka  has  described  the  same  occurrence  in  the  north-western 
Himalayas. 

Hext  follow  pepper-and-salt  coloured  sandstones  and  grits  of  molasse  appear¬ 
ance,  which  in  all  probability  represent  some  member  of  the  sorrthern  Siwalik 
belt.  But  only  here  and  there  the  highly  inclined  lower  Tertiaries  are  seen  in 
the  lower  river  valleys,  the  whole  being  covered  up  by  the  younger  gravels  and 
sands  which  spread  in  horizontal  beds  and  widely  extended  terraces  over  the 
great  Sutlej  valley.  I  may  here  mention  that  in  this  latter  deposit  near  Dongpa 
I  found  fragments  of  mammalian  bones,  which  makes  it  tolerably  certain  that  the 
former  finds  of  bones  (Strachey)  were  also  derived  from  the  same  source. 
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It  is,  tlierefore,  clear  that  tliere  was  a  break  and  change  of  physical  conditions  ;  t 
1st,  after  the  deposition  of  the  Ebsetic ;  2nd,  after  the  close  of  the  _]Srtimmulitic| 
epoch. 

12.  The  Indian  Feninsula  during  the  cretaceous  and  tertiary  ejjocli. — a.  The  | 
“  breaking  down”  in  shoals  of  the  Indian  ocean  must  have  continued  for  a  long' 
period ;  at  least  the  patches  of  Jurassics  and  later  on  of  cretaceous  beds  which 
penetrated  far  into  the  northern  half  of  the  Peninsula  go  far  to  prove  great  < 
fluctuations  during  these  times.  The  presence  of  remains  of  a  marine  cretaceous  - 
formation  in  the  south-east  of  the  Peninsula  and  narrow  strips  of  similar  rocks 
in  the  Khasia  hills,  taken  in  connection  with  such  fonnation  in  the  Punjab, 
clearly  demonstrates  the  existence  of  bays  to  have  existed  east  and  west  of  the 
Peninsula  during  those  epochs.  It  was  then  that  the  enormous  and  long  con¬ 
tinued  pi’essure  coming  from  the  south  and  now  coming  from  two  directions, 
squeezing  as  it  were  the  triangular  Pcnin.sula  forwards  and  northwards,  resulted 
in  the  great  dislocations  of  the  Himalayan  a:*ea,  which  were  afterwards  developed 
and  widened.  The  pre.s.sure  coming  from  both  sides,  east  and  west,  I’e.snlted  no 
doubt  in  the  bow-shaped  outline  of  the  mountain  ranges  with  its  convexity  near 
the  centre  and  directed  southwards,  at  the  same  time  dislocating  and  shattering 


part  of  the  westeim  limits  and  thus  fmming  the  foundation  stones  to  the  later 
formed  Salt-range  and  neighbouring  hills, — west  and  south-west  of  the  present 
strike  of  Himalayan  hill-ranges.  Simultaneously  with  this  great  tension, 
igneous  rocks  were  pushed  up  in  the  dislocations  formed  ;  wo  find  such  examples  i 
in  the  Silhet  Jirrassic  trap,  in  the  admixture  of  trappean  matter  in  the  Olive- 
shales  of  the  Salt-range,  and  the  similar  trappean-like  eretaceons  shales  and  rocks  j 


of  Tibet.  ;  ! 

h.  The  tension  must  have  continued  long  after  the  close  of  the  cretaceous  ' 
epoch  and  during  the  deposition  of  the  tertiaries,  during  which  time  the  enormous  ^ : 
dislocations  have  formed  along  the  Southern  Alps, — the  west  coasts  of  the  f 
Apennine  chains,  and  here  along  the  greater  ])art  of  the  southern  limits  of  the  ^ 
Himalayas,  and  lastly  along  or  parallel  to  ihe  west  coast  (or  somewhere  near  it),  ,( 
of  India, — probably  the  opening  through  which  the  great  basaltic  flows  found  an 
exit,  Avhich,  both  in  India  and  Africa,  Arabia  and  the  intervening  ocean,  play 
such  an  important  part.  Similar  to  the  Mediterranean  di.slocation,  the  Indian 
one  is  also  still  the  scat  of  volcanic  agency.  J 

It  is  probable  that  during  the  early  tertiary  times  the  present  Himalayan  area 
consisted  of  a  scries  of  long  islands,  not  unlike  the  line.s  of  islands  now  seen  in  i 
the  eastern  Archipelago,  between  which  the  Nummulitics  were  deposited  ;  I  | 
believe  this  feature  was  really  owing  to  a  partial  lu’eaking  down  of  the  area.  ^ 
The  basaltic  traps  which  we  tlnd  in  the  tertiaries  of  both  side.s  of  the  Indian  i 
Himalayan  axis  are  met  wdth  along  the  strike  of  the  dislocations.  ? 

In  the  following  table  I  have  endeavoured  to  render  the  comparison  of  rocks  | 


as  above  demonstrated  : — 


Himalayas.  Peninsula.  South  and  Central  Aerica. 

Tertiary  fresh  water  deposits.  Tertiary  fresh  water  deposits.  Tertiary  and  recent  formations. 
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PALJiONTOLOGICATi  NOTES  ON  THE  LoWER  TrUS  OF  THE  HIMALAYAS,  hy  C.  L. 

Gribsrach,  F.  G.  S.,  Gcologwat  Survey  of  India. 

Major-General  R.  Strachey,  R.E.,  C.S.I.,  Avas  the  first  to  notice  and  describe' 
some  of  the  grand  sections  throngh  the  Himalayas,  and  to  draw  attention  to  the 
existence  in  these  snowy  regions  of  triassic  strata  closely  allied  (as  E.  Suess 
has  first  shown)®  to  the  Trias  of  the  Eastern  or  Austrian  Alps.  As  it  has 
been  my  good  fortune  to  have  been  sent  to  those  lofty  regions,  I  must  here 
acknowledge  the  debt  we  owe  to  the  learned  General  for  having  furnished  such  an 
excellent  basis  for  further  research  in  the  most  interesting  region  of  the  globe. 

Having  mapped  the  snowy  ranges  betw’ccn  the  valleys  of  the  Dhanli 
Ganga  and  Goi’i  Ganga  (Niti  and  Milam),  I  was  able  to  collect  a  considerable 
material  for  description,  but  I  must  defer  the  detailed  report  on  these  noble 
sections,  with  maps,  until  after  the  next  field  season,  when  I  hope  to  extend  the 
survey  to  the  frontiers  of  Nepal, 

The  great  anticlinal  fold  of  porphyritic  gneiss  Avith  granite,  termed  by 
Stoliezka  “  Central  gneiss”  (by  way  of  comparison  AAntli  the  so  called  “Central 
gneiss”  of  the  Alps,  a  definition  Avhich  has  been  given  up  long  ago),  is  conform¬ 
ably  OA'erlaid  by  various  metamorphic  schists'*  and  these  again  by  the  Palai- 
ozoic  and  following  formations,  a  brief  description  of  which  I  haA'c  given  in  the 
companion  paper  in  this  number  of  the  Records.  I  will  therefore  only  mention 
that  on  the  eroded  surface  of  the  carboniferous  rises  the  huge  mass  of  the  tri¬ 
assic  and  RliEetic  sh’ata.  The  Rlimtio  beds  form  high,  nearly  perpendicular  cliffs 
with  an  undercliJI  of  older  rocks,  comprising  the  Avhole  Tria.s  from  the  Aljfine 
Werlen  beds  (Buntsand.stein)  to  the  Upper  Keuper  rocks,  all  of  which  are  well 
shown  in  the  natural  profile  of  Plate  IV  ;  the  proportions  of  thicknesses  and  the 
outlines  of  the  cliff  are  absolutely  correct,  being  drawn  with  the  aid  of  a  camera 
lucida,  from  an  opposite  height,  about  in  a  horizontal  plain  Avith  the  junction  of 
the  Rhffitic  and  Trias. 

In  the  following  list  I  give  a  detailed  enumeration  of  the  beds  composing 
both  the  Rhsetic  and  the  Trias,  with  their  probable  correlations  : — 


Ui)pcr  Odlite  (Spiti  slialcs). 

TiIICKNKS!}. 
Ft.  In. 

liovvor  Lias  ...  1.  lUack  shales  and  *  dark  earthy  limestone  with 

oolitic  structure,  containing  ...  ...  13  0 

jltesemhlos  the  Belemnites  bifiuluatu.^y  Stol. 

Cfrestenerbodsof  „  iibeticus,  „ 

the  Eastern  Alps.  „  sp. 

Awnwnites  annida/ns,  l^ow,  var. 

„  rJavsef,  Sow. 

Bhijnchonella  austriaca,  Sss. 

2'halassitps  depressuti,  Qn. 

(fstrea.y  sp. 

Pecten^  sp. 

Total  ...  13  0 

’  Quart,  .lour.  CJpoI.  Sop,,  Vol.  VI I,  p.  292. 

5  A’erli.  Geol.  Kcichsanst.  18G2,  )).  258. 

See  'Pext  illustration,  fig.  1,  of  niy  paper  in  this  number  of  the  Kocords,  p.  84. 


I 


t 


a 


-r 

‘f. 


w 

V 

? 

.v 


PART  2.]  GriesbacJi :  Valmntologkal  notes.  Lower  Trias,  Ilimalayas. 


95 


Rhaitic 

Represents  tlie 
Starhemberg  fa¬ 
cies  of  Kosseii 
l)eil9  of  tlie  Alps. 


Hauptlithoden- 
dron-limestone 
of  Suess : 

with  Kossen 
beds  in  follow¬ 
ing. 


1.  Grey  crinoid  limestone,  very  bard,  weathering 
brown,  tbick-beddcd,  with  intercalated  shales, 
full  of  fossils,  and  in  many  places  made  up  en¬ 
tirely  of  them.  Containing  a  mixture  of  true 
Rhmtic  and  Liassic  forms  ; 

Pecten  hi f tons.  Salt. 

„  mayeri,  Winkl.  (var.) 

„  lens.  Sow. 

,,  Cornells,  Gldfss.  (non  Sow.) 

„  cornafus,  Miin. 

„  valoniensis,  Defr. 

Oeri'iUUt  injlata,  Scbfl. 

Plagiosloma  herrmanni,  Qu. 

„  yiyantemn,  Qu. 

PTioladomya  roemeri,  Ag. 

Myophoria  cardissoides,  Scbl. 

Cardiuin  rkceficum,  Mer- 
Terebratula  horia,  Sss. 

Phynrhonella  Jissicostata,  Sss. 

2.  Grey  Liihodendron  limestone  shewing  sections  of 
small  shells  on  weathered  surfaces  ... 

3.  Grey  limestone  with  fossils  as  bed  1,  and  Litho- 
dendron 

4.  Dark  grey  sandstone-like  crinoid  limestone  wdth 

nuracrovs  white  calcspar  veins 

5.  Uneven  shaly  beds  similar  to  (4) 

6.  Dark  grey  crinoid  limestone  alternating  with 

shaly  beds 

*i.  Grey  massive  crinoid  limestone 

8.  Sandstone-like  limestone,  false-bedded,  here  and 

there  shaly 

9.  Dark  hrecciated  limestone  with  crinoids 

10.  Very  hard  grey  crinoid  limestone  with  Lithoden- 

dron 

11.  Flaggy  beds  of  crinoid  limestone 

12.  Hrecciated  bed,  made  up  of  angular  pieces  of  dark 

limestone  with  a  few  rounded  pebbles;  thins 
out  rapidly 

13.  Crinoid  limestone,  locally  as  (12) 

14.  Dark  crinoid  ^limestone  in  irregular  beds  with 

white  calcspar  veins  ... 

15.  Grey  dolomitic  limestone  in  beds  of  about  14" 

alternating  with  papery  shales 

16.  Dark  gi’cy  sandstone-like  crinoid  limestone,  top 

beds,  shaly  towards  base,  in  thick  masses 

17.  Dark  grey  flaggy  limestone  (uufossiliferous)  in 

beds  of  about  2"  to  5",  with  shaly  partings  ... 

18.  Brown  shaly  sandstone  thinning  out 

19.  Flaggy  limestone,  vertically  jointed 

20.  Uneven  sandstone  bed 

21.  Grey  calcareous  sandstone  /  with  thin  shaly 

22.  Grey  limestone  f  partings. 

23.  Grey  calcareous  sandstone  ✓ 


Thickness. 
Ft.  In. 


13  0 


6  0 

5  0 

9  6 

3  0 

17  0 

17  0 

2  0 

1  6 

5  6 

2  3 


0  8 

3  0 

13  0 

2  6 

16  0 

7  0 

0  5 

0  3 

0  6 

0  6 

0  9 

0  6 
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Dachsteiii 

stone. 


Thickness. 


Ft. 

In. 

24.  Grey  limestone  flags  with  shaly  partings 

2 

0 

25.  „  friable  shales 

0 

6 

26.  „  llmostoue 

0 

9 

27.  Friable  grey  ncodlo-shales 

28.  Grey  limestone  in  massive  beds  with  a  few  thin 

0 

2 

partings  of  shales 

29.  Dark  grey  needle-shales,  thin  out  and  pass  into 

7 

0 

limestone  ...  ...  _ 

1 

2 

30.  Thin  flaggy  limestone  beds 

0 

6 

31.  Dolomitic  limestone 

0 

8 

32.  Shaly  limestone 

2 

4 

33.  Crinoid  limestone  with  some  fossils  (Kossentype) 

1 

0 

34.  Sandy  shales  ... 

1 

8 

35.  Crinoid  limestone 

0 

5 

36.  Papery  sandy  shales 

0 

2 

37.  Brown  cabareous  sandstone  (fossils) 

0 

7 

38.  Crinoid  limestone 

0 

4 

39.  Shaly  „ 

1 

2 

40.  „  and  popery  calcareous  beds 

1 

3 

41.  Grey  limestone 

0 

3 

42.  Sandy  shales  . 

0 

CO 

43.  Crinoid  limestone 

1 

0 

44.  Papery  calcareous  shales  ... 

0 

21 

45.  Sandstone  shales 

0 

5 

46.  Shaly  crinoid  limestone  ... 

0 

8 

47.  „  and  flaggy  crinoid  limestone  ... 

2 

0 

48.  Grey  calcareous  sandstone 

0 

4 

49.  Shales 

0 

2 

50.  Grey  crinoid  limestone  ... 

0 

7 

51.  Sandy  shales  .. . 

0 

5 

52.  Papery  marly  shales 

0 

10 

53.  Grey  limestone  with  shaly  partings  ... 

0 

104 

54.  Friable  limestone  shales  ... 

1 

0 

55.  Marly  bed  ... 

0 

8 

56.  Irregular  bed  of  grey  limestone ;  thins  out 

1 

3 

57.  Flaggy  limestone  with  shales 

6 

9 

58.  Grey  crinoid  limestone  with 

0 

5 

59.  Limestone  flags  with  friable  shales  ... 

4 

0 

60.  Crinoid  limestone  with  Pecten  bifroas,  Salt 

1 

4 

61.  Limestone  flags  and  shales 

2 

4 

62.  Shaly  calcareous  sandstone 

2 

9 

63.  Crinoid  limestone  with  a  shaly  parting 

1 

9 

64,  „  „  with  Pecten  bifrons,  Salt 

3 

0 

65.  Dark  limestone  alternating  with  shaly  crinoid  beds 

4 

0 

66.  „  grey  limestone,  dolomitic,  with  shaly  partings 

67.  „  fossiliferous  crinoid  limestone  in  massive 

35 

0 

beds  ...  ...  ...  ••• 

45 

0 

'  j  68.  Grey  earthy  limestone  full  of  Myacites  sp. 

69.  Hard  limestone  beds,  containing  many  fossils,  and 
on  the  weathered  surfaces  showing  sections  of 

7 

0 

large  Megalodon  sp. 

35 

0 

PAUT  2.]  Grieslach  :  'Palaoniological  notes,  Lower  Trias,  Himalayas. 
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VO. 

VI. 

V2. 

V3. 

Hauptdolomit  ...  V4. 

VS. 

V6. 


VV. 


V8. 


Plattenlcalk 
of  Giimbel. 


80. 


81. 


82. 


83. 


84. 

85. 


Hard  crinoid  limestone  in  thicker  beds 
Dolomitic  limestone 

„  „  in  flaggy  beds  ... 

Massive  gi’cy  dolomite,  towards  bnj;e  rather  flaggy 
„  dolomite,  with  scarcely  any  bedding 
As  (V4),  but  with  partings  of  crinoid  limestone  ... 
Dolomite  in  beds  of  about  4  feet  thickness  towai'ds 
base,  reddish,  and  containing  Lithodendron  ... 
Dark  concretionary  limestone  with  reddish  purple 
cellular  Rauchwackc  appearance  here  and  there, 
in  beds  of  6  incbe.s  to  1  foot 
Crinoid  llmc.stone  in  thicker  beds 
Dark  dolomites  in  massive  beds,  the  contact  sur¬ 
faces  knitted  together  (resembling  sutures,  in 
the  outcrop) 

Dolomites  and  limestone  beds  with  “knitted” 
contact  surfaces  as  (VO),  full  of  Liihodendron, 
and  with  a  few  shaly  partings 
Massive  beds  of  dark  blue  limestone  and  dolomite 
alternating  with  flaggy  beds  of  limestone;  the 
latter  form  about  12  feet  of  the  upper  part. 
Some  masse.s  of  it  of  dark  purple  colour  with 
crinoid  sections 

Dark  dolomites  with  calcspar  veins  ... 

„  „  flaggy  beds  and  partings  of 

shaly  sandstone 

Dark  hard  concretionary  limestone  alternating 
with  dolomitic  beds 

Grey  and  reddish  dolomites  in  perfectly  inacces¬ 
sible  cliffs,  .about 


Thickwess. 
Ft.  In. 

V  6 

6  0 

3  6 

45  0 

135  0 

223  0 

98  0 


5  0 

11  0 


100  0 


48  0 


50  0 

14V  0 

241  0 

V4  0 

VOO  0 


Total  ...  2,200  .  Vi 


As  I  intend  to  give  here  only  a  short  description  of  the  lowest  members  of  the 
Trias,  I  will  only  say  so  much,  that  in  the  main  the  above  Rhsetic  section  cor¬ 
responds  exactly  with  the  typical  sections  of  that  formation  in  the  Austrian  Alps, 
namely,  we  have  here  in  descending  order  :  — 

1.  Lithodendron-limestone,  interbedded  with  limestone  containing  fossils  belonging  to  the 

Alpine  Kossen  beds,  which  have  been  grouped  into  four  horizons  by  Suess=Hauptlitho- 

dendronkalk  with  Kossen  beds. 

2.  Thick -bedded  limestones,  hero  and  there  dolomitic,  still  with  Lithodendrons  here  and 

there,  and  beds  with  Megalodon=nachsteinkalk. 

3.  Great  development  of  dolomites  and  flaggy  limestones=Hanptdolomit  with  GiimbeTs 

Plattenkalk. 

The  undercliff  consists  of  a  series  of  beds  which  represent  the  whole  of  the 
marine  Trias  beds  of  the  Eastern  Alps.  The  series  rests  on  the  denuded  and 
rugged  carboniferous  quartzites,  which  again  form  a  steep  cliff  falling  almost 
vertically  down  to  the  base  of  the  valley. 
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Tlie  detailed  section  of  it  is  as  follows  : — 


Upper  Trias.  T: 

Alps  :  ...  22.  Compact  bi-owu  (liver-coloured)  limestone,  with 

Opponitzer  beds.  rough  contact  surfaces  ;  beds  nearly  of  equal 

thickness,  about  12  inches,  and  here  and  there 
separated  by  greenish-grey  shales.  Numerous 


bivalves,  closely  allied  to  ...  ...  152 

Corhis  mellingi,  Hau.  var. 

21.  Liver-coloured  brown  limestone,  alternating  with 

greyish-green  shales,  containing  ...  ...  29 

Corhis  melUngi,  Hau.  var. 

Orthoceras,  sp. 

20.  Earthy  limestone  rvith  .shaly  partings  ...  228 

19.  Shaly  limestone  with  earthy  shales  alternating  ...  30 

Alps  :  Spirifer  litangensis,  Stol.  var. 

Lunzer  and  Part-  18.  Shaly  limestone  and  shales  with  hard  concre- 
nach  beds.  tion ary  limestone  ...  ...  ...  22 

17.  Greenish-grey  shales  ...  ...  ...  4 

16.  Limestone  with  chert  nodules  ...  ...  1 

15.  Flaggy  limestone  ...  ...  ...  5 

14.  Friable  greenish-grey  shales,  weathering  brown, 

with  flaggy  limestone  alternating  ...  31 

13.  Marly  friable  shales  ...  ...  ...  5 

Alps:  ...  12.  Hard  grey  limestone  ...  ...  ...  4 


Hallstadt  beds.  11.  Hard  grey  limestone,  weathering  brown,  rather 
silicious,  containing  nodules  of  white  concre¬ 
tions  with  fossils  ; 

Opis  glohata,  Dtm. 

Acrochordiceras  spineseens,  Hau. 

Tropites  ehrlichi,  Hau. 

var.  Feistmanteli,  n.  sp. 

Balatonites  himalayimus,  Blfd. 

Alps:  ...  10.  Grey  earthy  limestone  beds,  with  marly  and  shaly 

St.  Cassian.  partings,  weathers  brown. 

9.  Same  as  (10)  with 


Spi)'igera,  sp. 

9,  10,  and  11,  total  ...  ...  275 

8.  Greyish-green  micaceous  shales,  a  few  plant  im¬ 
pressions  ...  ...  ...  160 

7.  Shaly  grey  earthy  limestone  ...  ...  38 

Alps:  ...  6.  Hark  splintery  limestone  flags  with  dolomitic  beds 

Wengen  beds  and  and  very  scarce  partings  of  black  shales  ...  76 

St.  Cassian.  5.  Black  limestone  beds  in  flags  of  about  6  inches 

thickness,  w’hich  form  groups  of  about  3  feet 
thickness,  alternating  W'ith  the  same  thickness 
of  black  splintery  shales,  with  ...  ...  152 

a  species  of  the  group  of  the 

Amaltheidm 

Malohia  raresfriata,  Mojs. 

Daonella  tyrolensis,  Mojs. 

„  sp. 


V 


PAUT  2.]  Griesbach  :  Falceonlological  notes,  Loiver  Trias,  Uinialayas. 

Thickness. 
Ft.  lo. 

4.  Dolomitic  limestones  in  more  mtissivo  botls,  witli 

few  slialy  partings  ...  ...  ...  38  0 

3.  Slialy  limestone  with —  ...  ...  38  0 

DaoneUa,  sp. 

Spirifer  lilatigensU,  Stol.  var. 

2.  Thick -bedded  shaly  limestone  with  traces  of  fos¬ 
sils,  mostly  Ammonites 

Al])s  :  ...  1.  Black  limestone  flags  of  about  12  inches  thickness, 

liuchonstcin  beds.  each  alternating  with  black  splintery  shales 

of  same  thickness 


48  0 

103  0 


Alps  ; 

Wcngon  beds. 


II.  VlEGlOBIA 
LIMESTONE. 


h,  Reifling  limestone 
(Alps). 


Lowek  Teias. 
122 


a.  Reco.aro-limestoue 
(Alps). 


1.  Webfbn  beds 


Campiler  beds 
(Alp,s). 


121. 


120. 

110. 

118. 

IIV. 

116. 


.  Very  hard  grey  concretionary  llmo- 
slouc  in  massive  beds  with  subor¬ 
dinate  partings  of  dark  shales  con¬ 
taining  many  fossils  very  difficult 
to  e.vtract :  about 

OHhoceras  dulnum,  Hau. 
Trachyceras  voHi,  0pp. 

„  IhuiUeri,  0pp. 

„  sp. 

Arcestes  cltffissus,  Hau. 

Pfyehites gerardi,  Blfd. 

Vinaooceras floridum,  Wulf. 

Pwten,  sp. 

Mgoconcha,  sp. 

Pleurotoma  ster'dis,  Stol. 

Meptiliaii  hones. 

Earthy -grey  limestone,  towards  base 
somewhat  shaly  : 

Bhynchonella  semiplecta, . 

Mill].,  var.  /  in  great 
„  salteriana,  C  numbers. 

Stol.  ) 

Hard  grey  splintery  limestone 
Dark  friable  clayshales,  weathering 
variegated 
Limestone... 

Limestone  ivith  shaly  partings 
Limestone... 


116.  Shales 
114.  Limestone  ... 

113.  Shales  alternating  with  12  thin  beds 
of  limestone 
112.  Limestone  ... 

111.  Shales 
110.  Limestone  ... 

109.  Shales  with  limestone  partings 
108.  Limestone  ... 

107.  Shales, alternating  with  lllime.stone 
liartings  ,,, 

c 


Ft. 


60 


0 

0 

1 

0 

2 

0 

1 

0 

0 

0 

1 

0 

2 

2 
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In. 


0 


0 


8 

3 

4 
6 
1 
0 
7 

0 

6 

4 

3i 

2 

6 


0 
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3,  Wbrjen  beds 
— contd. 


Salt-range  ; 

Zone  of  N.  plamdatiis, 
DeKon. 


Salt-range':  zone  i.f 
OpTiiceras  li/eUia- 
nmi,  DeKon. 


106.  Limestone... 

105.  Shales  ... 

104.  Limestone... 

103.  Shales  with  5  limestone  partings 
102.  Limestone  ... 

101.  Shales 
100.  Limestone  ... 

99.  Shales 
98.  Limestone  ...  ...  . 

97.  Shales  anti  limestone  partings 
96.  Limestone... 

95.  Shales 
94.  Limestone  ... 

93.  Shales 
92.  Limestone  ... 

91.' Shale  w:!!!!  10  limestone  partings 
90.  Limestone  ... 

89,  Shales  and  limestone  partings 

Norites  plamilatus,  DeKon 
88.  Limestone... 

87.  Shales  with  limestone  parting 
86.  Limestone  ... 

85.  Shales  W’ith  2  limestone  partings 
84.  Limestone... 

83.  Shales 

82.  Limestone  with  one  shaly  parting 
81.  Shales  with  two  limestone  parting's 
80. ^Limestone  ... 

MonopTiylUtes  wetsoiii,  Op; 

79.  Shales 
78.  Limestone... 

77.  Limestone  with  three  shaly  partin 
76.iLimestone ... 

75.  Limestones  with  17  shaly  partings 

74.  Shales 

73.  Limestone 

72.  Shales 

71.  Limestone 

70.  Shales  with 

Ophiceras  tibeticum,  n.s. 

69.  Limestone.., 

68,  Shales 
67.  Limestone 
66.  Shales 
65.  Limestone... 

64.  Shales 
63.  Limestone 
62.  Shales 
61.  Limestone 
60.  Shales 
59.  Limestone 

58.  Limestone  with  6  shaly  partings 


Thicksess. 
Ft.  In. 

0  8 

0  10 
0  6 

0  11 
0  5 

0  7 

0  7i 

0  6 

0  7 

1  2 

0  8 

0  7 

0  4 

0  7 

0  9 

1  4 

0  7 

0  10 

0  6 

0  1 

0  2 

0  8 

0  5 

0  3 

0  4 

0  6 

0  3 

0  5 

0  5 

0  6 

0  5 

1  7 

0  2 

0  6 

0  i 
0  2 


0  2 

0  1 

0  1 

0  1 

0  1 

0  4 

0  1 
0  1 

0  2 

0  3 

0  6 


FART  2.]  GrieshacJi :  Palaontological  notes,  Lower  Trias,  Himalayas. 
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r 


I.  Weerenbeds. 


-vontd, 


EDS.y 

'■  1 


! 


i 


L 


Thickhess. 


Ft. 

In. 

57. 

Limestone  ... 

0 

2 

66. 

Shaly  limestone 

0 

65. 

Shales 

0 

1 

64. 

Limestone  with  2  shaly  partings  ... 

0 

5 

53. 

Limestone  with  shale.s  ... 

0 

3 

52, 

Limestone  ...  ...  ... 

0 

5 

51. 

Shales 

0 

X 

50. 

Limestone  ... 

0 

1 

49. 

Shales  and  limestone 

0 

31 

48. 

Shales 

0 

24 

47. 

Limestone  ... 

0 

.3 

46. 

Shales 

0 

2 

45. 

Limestone  ... 

0 

H 

44. 

Shales 

0 

1 

43. 

Limestone  ... 

0 

3 

42. 

Shales  with  a  thin  bed  of  limestone 

0 

5 

41. 

Limestone  with  9  shaly  partings 

1 

3 

40. 

Limestone  ... 

0 

1 

39. 

Limestone  ... 

0 

3 

38. 

Limestone  with  14  shaly  partings  . . . 

1 

2 

37. 

Limestone  ... 

0 

2| 

36. 

Shales  ...  ... 

0 

2 

35. 

Limestone  with  shaly'partings 

0 

H 

34. 

Shales  ...  ...  ... 

0 

1 

33. 

Limestone  with  3  shaly  partings  ... 

0 

5 

32. 

Shales 

0 

2 

31. 

Limestone  ... 

0 

2 

30. 

Shales 

0 

3 

29. 

Limestone  ...  ...  ,,, 

0 

24 

28. 

Shales 

0 

3 

2 

27. 

Limestone  ... 

0 

lA 

26. 

Shales  ... 

0 

14 

25. 

Limestone  ... 

0 

a 

1 

24. 

Shales 

0 

14 

23. 

Limestone  ... 

0 

2 

22. 

Shales 

1 

0 

21. 

Limestone  ... 

0 

3 

20. 

Shales 

0 

1 

19. 

Limestone  ... 

0 

3 

18. 

Shales 

0 

4 

17. 

Limestone  ... 

0 

3 

16. 

Shales 

0 

10 

15. 

Limestone  with  shaly  partings 

1 

6 

14.  Limestone 

0 

6 

13. 

Shales 

1 

0 

12. 

Limestone  ... 

0 

3| 

11. 

Shales  with  11  thin  layers  of  hard 

splintery  limestone 

0 

4i 

10. 

9. 

Limestone  ... 

Shales  with  limestone  (1")  towards  top 

0 

3 

with — 

Otoceras  woodivardi,  n.s. 

5 

0 

102 


Eecorcis  of  the  Geological  Survey  of  India. 


[VOL.  XIII. 


TmcKtrEBS. 


Ft. 

0 

0 

0 


Salt-range,  zone  of  Ply-  5. 
elutes  lawrencianus,  4. 
DcKon. 

Xenodiscus  demissus. 

„  gangeticiis. 


I.  Weefhn  beds.  \ 
— conoid. 


h.  Campller  beds 
(Alps). 


a.  Seiss  beds  (Alps)  ■( 
Salt-range  Productns 
beds. 


8.  Limestone  ... 

V.  Sbales 

6.  Limestone  with — 

Xenodisens  gangeticiis,  Delvon. 

„  luchlamis,  „ 

Vsiricgated  papery  shales  ...  0 

Limestone  with —  ...  ...  0 

Avicnla  veneliana,  Hau. 

Myoplioria  nvafa,  Br. 

Tosidonomya  angusfa,  Han. 

Oloceraa  woodwardi,  n.s. 

Xenodiscus  demissus,  0pp. 

,,  gangeticus,  DeKon. 

3.  Kriahlo,  papery  shales  with  a  parting 

of  limestone  (I")  with —  ...  0 

Otocems  woodwardi,  n.s. 

2.  Darh  grey  limost.ono  with  shaly  layers 

witli- —  ...  ...  ...  0 

Fosidonomya  angnsta,  Han. 

GerrilUa  myliloides,  Sehlot. 

Modiola  triqmtra,  Seeh. 
dilyophoria  omta,  Gdfss. 

Avictila  veneliana,  Hau. 

Jielleroplion,  sp. 

Xaulihis  hralimanicus,  n.s. 

Oloeeras  woodwardi,  n.s. 

„  „  rar.  undula- 

film,  n.s, 

PfycJiiies  lawrencianus,  PeKon. 
Opliiceras  medium,  n.s. 

„  himalayense,  n.s. 

,,  tibeticum,  n.s. 

„  densifesta,  Waag.,  var. 

Xenodiscus  gangelieus,  PeKon. 

„  Ittcliianns,  ,, 

„  demissus,  0pp. 

Tradhyceras  gibiosum,  n.s. 
f  1.  Dark,  carbonaceous,  crumbling  shales, 
micaceous,  weathering  in  reddish  and 
deep-brown  tints,  giving  it  a  variegat¬ 
ed  appearance,  with  a  few  thin  beds  of 
hard  grey  liraestono.  Tlie  general 
character  of  these  shales  is  the  same 
.as  of  all  the  intercalated  beds  of 
shales  of  the  beds  above  ...  127^ 

It  yielded — 

Monofis  clarce,  Emnir. 

Froduefus  lalirostratus,  Howse,  Var. 
Areestes  sp. 


In 

2 

Si 

3 


Tlie  vt'liole  rests  on  tlie  carboniferous  series. 
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The  above  list  of  beds,  it  will  be  seen,  cori’esponds  in  a  marvellous  degre  e 
with  the  beds  of  the  Trias  as  developed  in  the  Eastern  Alps,  and  the  order  stands 
therefore  as  follows  : — 

The  Trias  in  the  Himalayas. 


Character  of  rocks. 

Zones. 

Correlation  with  horizons  in 
the  Eastern  Alps. 

/ 

6.  Liver-coloured  lime- 

Corhis  meUinyi,  Han. 

stone  with  greenish 

var. 

/ 

shales. 

VOpponitz  and  Raibl. 

5.  Friable  shales  and 

Spir.  lilangens''s,  Stol. 

V 

•< 

u 

earthy  beds. 

J 

^ ) 
tf  \ 

4.  Limestone 

Tropites  ehrlichi 

Hallstadt  and 

Ph 

3.  Earthy  beds  and  shales 

St.  Casslan. 

2.  Black  limestone  and 

Daonella  tyrolensis. 

Wengen. 

dolomites. 

Mojs. 

1.  Black  limestone  flags 

Brachiopods 

Buchenstein. 

and  splintery  shales. 

4.  Hard  grey  concrc- 

Ptychites  gerardi, 

Keifling  lime-  b 

tionary  limestone. 

Blfd. 

stone,  /  -TTv  T  . 

1  Virgloria 

VH 

3.  Earthy  limestone 

Phynchonella  semi- 

Eecoaro  lime- C 

plecta,  Miin,,  var. 

stone.  ) 

« 

2.  Limestone  and  shales. 

Posidonomya  angusta, 

Campiler  beds  V 

^  / 
o  / 

[ 

Hail. 

>  Werfeii  | 

1.  Dark  shales,  etc. 

Monotis  clarae,  Emm. 

Beds  of  Seiss  ) 

Triag  in  Germany, 


1 


\  Keupor. 


/ 


1 

3 


Muschelkalk. 


Buntsandsteiii. 


As  far  as  is  known  at  present,  this  succession  of  horizon  holds  good  in  India 
over  a  considerable  area,  to  judge  from  certain  beds,  which  have  been  found  in 
other  parts  of  our  Himalajas.  The  lower  group  has  been  described  by  Stoliczka 
fi’om  the  north-w^est  Himalayas  (Spiti),  but  ho  considered  only  the  upper  part  of 
the  Lower  Trias  as  such,  with  Ehynclionella  salteriana,  Stol.,  and  Ptychites 
gerardt,  Blfd.  He  certainly  came  across  the  lower  group,  but  in  the  absence  of 
known  Trias  fossils  he  represented  it  as  ujipcr  carboniferous,  containing  numer¬ 
ous  Productiis  sewireticulahis.  Mart,  (sp.),  Sinrifer  rajah,  Dav.  I  have  compared 
some  of  his  original  specimens  with  my  own  collection,  and  have  no  doubt  that 
the  beds  are  quite  identical  both  in  lithological  character  and  pirobably  in  their 
fossil  contents. 

It  might  be  urged  that  the  presence  of  the  Productus  speaks  for  a  Permian  age 
of  these  deposits ;  but  taking  into  consideration  the  fact  that  stratigraphically 
the  complex  of  Trias  beds  is  a  connected  series  of  deposits  without  any  interrup¬ 
tion,  Avith  the  greyish  black  shales  invariably  at  their  base,  the  whole  resting  on 
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a  rugged  and  denuded  surface  of  tlie  carboniferous  quartzite,  it  must  be  admitted 
that  on  this  account  alone  the  shales  (Kuling  shales  of  Stoliczka)  must  be  included 
amongst  the  Triassic  group.  These  shales  resemble  the  Wei'fen  beds  of  the  Alps, 
not  only  in  lithological  character,  but  also  in  the  fact  that  here  as  there  they 
contain  a  number  of  older  forms  of  life  side  by  side  with  new  arrivals.  Such  is, 
it  appears,  the  case  with  the  Werfen  beds  of  Armenia'. 

The  following  forms  of  the  1st  and  2nd  groups  of  the  lower  Trias  are  identical 
with  such  of  the  Werfen  beds  of  the  Alps : — 

Momtis  claree,  Emm. 

„  anffusta,  Han. 

Oervillia  mytiloides,  Sclil. 

Modiula  triquelra,  Seeb. 

MyophoHa  ovata,  Gclf. 

Avicula  ‘venetUma,  Hau. 

Nearly  identical  with  a  Hallstadt  foim  is  Ophicems  (Amm.)  densitesta,  Waag.^ 

All  the  other  species  represent  earlier  stages  of  forms  found  also  in  the 
triassic  beds  of  the  Eastern  Alps. 

So  for  instance  : — 

r  Hiingarites  (?)  Stfombecki,  Griep. 

Otooeras  tooodwardi  allied  to  }  „  scapliitiformis,  Hau. 

I  „  zalaensis,  Bokh. 

Opliiceras  tibeticum,  n.s.,  allied  to  Lgtoceras  simony i,  Hau.,  and  other  Lytocera- 
tites,  occurring  in  the  Lower  Trias. 


DESCRIPTION  OF  NEW  SPECIES. 


Class:  CEPHALOPODA. 

Order  :  TflTRABEANCHIATA. 

Family:  NAUTILI  BAH 
Genus  :  NAUTILUS. 

Nautilus  quadeangulus,  Boyr.,  var.  beahmaxicus,  n.  s.  Plate  I,  figs.  1—3. 

This  species  is  most  nearly  allied  to  the  Liassic  forms,  of  which  N.  aratus, 
Schl.,  is  the  representative.  The  shell  is  considei’ably  involute,  the  umbilicus  deep. 
The  ventral  side  flattened,  the  section  of  the  shell  sub-angular.  The  descent  to 
the  umbilicus  is  vertical  and  sharply  defined.  Five  radial  linos  of  gi’owth  are 
visible,  and  a  few  broad  indentations  at  intervals  of  about  f  inch  along  the  last 
chamber  indicate  a  faint  kinship  of  this  form  to  Nautilus  fiigax,  Mojs.^  Towards 
the  mouth  the  shell  opens  out,  trumpet-shaped.  What  remains  of  the  last 

'  Abich :  Geol.  Forschungen  in  don  Kaukas.  Landern,  1st.  Thell,  Wien,  1878. 

See  also  Mojsisovic’s  Verb.  Gool.  Reichsanst.,  1879,  p.  171. 

2  Beneoke’s  Gcog.  Pal.  Beitiage,  I,  p.  369. 

^  Jabrb.  k.  k.  Geol.  Reiclisanst.,  1869,  PI.  XIX,  fig.  3. 
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chamber  amounts  to  exactly  one-half  of  the  entire  eyolution.  Siphon  situated  at 
about  f  of  the  height  (fig.  3) .  The  septa  show  nearly  the  same  lines  as  Nautilus 
sM?)arai«s,  Keys. the  pointed  antisiphonal  lobe  marks  this  species  at  once  as 
belonging  to  the  forms  of  which  N.  aratus,  Schl.,  is  the  type.  The  number  of 
septa  are  about  thirty  in  a  whorl. 

The  only  character  which  distinguishes  this  species  from  Beyrich’s  species 
N.  quadrangulus^  is  the  fact,  that  the  German  Muschelkalk  form  seems  more 
compressed  than  our  species,  so  far  as  I  can  judge  from  the  figure  given.  But 
there  can  be  no  doubt  that  the  German  Muschelkalk  species  is  a  descendant 
of  this  lowest  Trias  form. 

Likewise  Nautilus  sf  itiensis,  Stol.,  is  probably  also  only  a  later  stage  of 
development  of  this  species,  which  is  common  in  the  Werfen  horizon  of  the 
Tibetan  Himalayas. 

With  the  exception  of  the  angular  shape  of  the  section  of  the  whorls  which 
is  so  marked  in  the  Indian  species,  it  agrees  very  nearly  with  Nautilus  subarat  us, 
Keys.,  both  in  general  shape  and  course  of  the  lobe  line.  In  fig.  2  I  have 
shown  another  specimen,  which  I  cannot  separate  at  present  from  the  larger 
form  in  spite  of  the  indication  of  a  hexagonal  outline  of  the  section  of  the 
mouth  as  shown  in  the  figure.  It  is  probably  only  a  younger  individual  of  the 
same  species. 

It  is  very  numerous  in  Bed  2  (horizon  of  Posidononiya  awjusta,  Hau.)  of 
the  lowest  Trias. 


Class;  CEPHALOPODA. 

Order ;  ? 

Family  ;  AMMONITIDJE. 

Tribe:  PIKACOCE RATION. 

Genus  ;  OTOCERAS,  n.  g.= 

Amongst  the  numerous  forms  found  in  Bed  2  (horizon  of  Posiclonomya 
angusta,  Hau.),  one  of  the  most  remarkable  groups  is  that  for  which  I  propose 
the  above  name.  Occurring,  as  they  do,  in  a  bed  belonging  to  the  lowest  Trias, 
they  form  the  connecting  link  of  a  group  of  forms,  the  first  of  which  appear  in 
the  paleozoic  epoch. 

The  earliest  species  belonging  to  the  ti’ibe  of  Pinacoceratidce  appear  in  the 
Devonian,  whore  we  find  the  Sageoeras  Sagittarius,  Sandb. 

In  the  Permian  of  Armenia  we  find  again  several  species,  and  representa¬ 
tives  of  it  are  found  in  India  (Salt-range)  and  pass  on  into  Upper  Trias,  where 
many  species  belong  to  that  genus. 

The  species  described  under  the  above  generic  name  appear  in  the  lowest 
Trias  as  companions  of  a  number  of  early  Triassic  types,  in  the  same  bed  with 

'  Middendorf’s  Iteise  iu  Sibirien,  PI.  IV,  fig.  3. 

2  Abb.  Akiidemie,  Berlin,  PI.  Ill,  fig.  5. 

^  OSs,  diTos  —  ear. 
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Pos.  angusta,  Hau.  Tliotigh  it  seems  that  there  are  several  varieties,  if  not  species, 
amongst  the  nnmerons  sxDecimens  obtained,  I  prefer  to  include  them  for  the 
present  under  one  collective  name. 

Otoceeas  woodwaedi,  nov,  spec.  Plato  I,  figs.  4  &  6,  and  Plate  II. 

Shell  involute,  with  very  deep  umbilicus,  with  rapidly  increasing  outer 
whorls.  The  part  of  the  shell  nearest  the  umbilicus  bulged  out  into  an  ear-like 
shape,  giving  the  section  of  the  shell  (Plate  I,  fig  4a,)  a  more  or  less  rhom- 
boidal  asjject. 

It  is  very  probable  that  the  last  whorl  in  adult  individuals  covered  and 
enclosed  the  entire  shell.  In  all  the  specimens  which  I  collected  there  -is  a 
tendency  to  enlarge  the  latter  whorls  at  the  expense  of  the  umbilicus.  The 
sides  of  the  shell  are  only  slightly  ciirved  and  slope  towards  the  sharp  knife-like 
siphonal  side  enclosing  an  angle  of  about  67°.  The  compressed  siphonal  side 
is  one  of  the  most  characteristic  features  of  this  sjiecios.  In  one  of  the  adult 
specimens  (Plate  I,  fig.  4),  this  piart  of  the  shell  has  quite  the  ap]3carance  of  a 
shar}D  knife,  and  only  a  faint  indication  of  a  tlmec-edged  termination  is  visible; 
whereas  in  some  of  the  younger  specimens  (Plate  II,  figs.  I  and  .3)  and  even  in  the 
older  form  (Plate  II,  fig.  2«)  the  trijmrtite  character  of  the  siphonal  side  is  strong¬ 
ly  marked.  This  character  alone  would  stamp  this  species  as  belonging  to  Uun- 
garites,  Mojs.,^  of  which  H.  soafiitiformis,  Hau.,^  and  H.  zalaonsis,  Bockh.,^  are 
the  types,  but  the  shape  of  the  ear-like  prolongation  of  the  sides  of  the  shell 
near  the  region  of  the  second  side-lobes  is  a  character  entirely  absent  in  the 
Austrian  genus.  A  line  connecting  the  ear-like  jrrolongations  of  the  sides,  or, 
in  other  -words,  the  second  side-lobes,  wall  intersect  the  median  xdaue  in  a  point 
from  which  to  the  sixihonal  margin  of  the  jjroecding  whorl  is  about  the  third 
of  the  entire  distance  between  the  ^joint  of  intersection  and  the  siphonal  margin 
of  the  outer  shell.  A  vertical  ju’ojection  of  the  inner  margin  of  the  first  lateral 
saddle  to  the  median  piano  will  intersect  that  jrlane  in  the  six)hon  of  the  j)re- 
(jeding  whorl. 

From  Plate  I,  fig.  4(t,  it  will  bo  seen  that  the  irroportion  in  the  increase  of 
lateral  exjiansion  of  the  last  whorl  increases  rapiidly  at  the  expense  of  the  increase 
to  the  height  of  the  shell,  and  it  is  not  at  all  imxu’obable  that,  as  I  said  above, 
the  final  chamber  inclosed  nearly  the  Avholo  of  the  shell  in  adult  specimens, 
which  character  is  indicated  in  fig.  3  of  Plate  II,  which  shows  the  almost  vertical 
sides  of  the  umbilicus,  but  since  drawing  the  plates  I  have  worked  out  of  some 
blocks  of  stone  the  fragment  of  a  larger  specimen,  showing  part  of  the  last 
chamber  with  the  umbilicus.  The  latter  is  very  narrow  and  closing  in  towards 
the  outer  side.  The  shell  is  extremely  thick  near  the  ear-like  prolongation  in 
the  umbilical  region  and  covered  -with  wrinkles.  The  shell  is  covered  -with  fine 
wavy  lines  of  growth  S-shaped,  slightly  bent  forward  near  the  siphonal  margin. 

The  lobes  show  some  variation,  mainly  in  the  auxiliary  ones,  but  these  in¬ 
crease  in  number  with  the  successive  whorls  in  the  same  specimen.  As  shown  in 

'  Verli.  Geol.  Reiclisanst.,  1879,  p.  140, 

Denkscli.  Alcademic  Wiss.,  Wien,  1855,  PI.  Ill,  tig.  -i- 
“  A.  M.  K.  FoMtani  intezet,  Pc,st,  1872,  PI.  VII,  figs.  1  and  2. 
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the  drawings  of  lobes  in  Plate  II,  this  species  possesses  a  broad  sii)honal  lobe 
ending  on  both  sides  of  the  semicircnlar  siphonal  saddle  in  a  sharp  point.  The 
external  saddle  (fig.  16)  is  moderately  high  and  a  little  narrower  than  the  siphon¬ 
al  lobe.  The  first  lateral  lobe  is  the  deepest  of  all,  of  the  same  width  as  the  exter¬ 
nal  saddle,  and  at  the  base  shows  iDlainly  a  tripartite  arrangement  of  the 
serration. 

I  remarked  also  that  the  corresponding  lobes  vary  on  each  side  of  the  specimen 
(fig.  I).  Whilst  the  first  lateral  lobe  of  the  left  side  shows  plainly  this  tripar¬ 
tite  arrangement  of  serration,  those  on  the  right  side  have  an  additional  sharj) 
point  added  to  the  lower  margin  of  the  lobe  as  shown  in  fig.  16.  The  larger 
specimen,  fig,  4,  shows  a  still  more  comjfiicated  serration  of  this  lateral  lobe, 
similar  also  in  figs.  3  and  5.  There  follows  in  all  specimens  a  very  large  first  lateral 
saddle,  slightly  bent  towards  the  inner  side,  with  following  rather  narrow  second 
lateral  lobe,  sen-ated  at  the  base,  this  serration  varying  in  the  different  specimens. 
The  second  lateral  saddle  is  only  half  as  high  as  the  first  and  great  lateral  saddle, 
rather  wider  in  proportion  to  its  height,  and  followed  by  one  or  two  auxiliary 
lobes  of  varying  course.  In  some  specimens  the  first  auxiliary  lobe  reaches  only 
half  down  the  rounded  and  broad  second  lateral  saddle  and  is  not  serrated  at  the 
base  and  might  be  described  as  a  rudimentary  lobe ;  in  others,  figs.  26,  4  and  C,  the 
auxiliary  lobes  and  saddles  are  similar  in  shape  to  the  last  lateral  lobe  and  saddle, 
decreasing  in  size  as  they  near  the  ridge  (r),  noticed  above.  Beyond  tliis  the 
sutural  line  runs  in  a  series  of  rudimentary  lobes  and  saddles  to  the  sutural 
maro-in  (s),  where  it  forms  a  flat  serrated  lobe  ;  on  the  antisiphonal  side  I  noticed 
on  prepared  specimens  (fig.  6)  a  saddle,  as  broad  as  high,  sloping  towards  the 
margin  (s)  followed  by  a  narrower  but  deeper  lobe,  serrated  at  base,  and  a  second 
hioher  and  wider  saddle,  similarly  sloping  towards  the  marginal  side.  The 
antisiphonal  lobe  is  bipartite. 

Locality. — South  of  Rimkin  Paiar  and  north  of  Kiunglang  encamping  ground, 
head- waters  of  the  Ganges  river. 

Otoceeas  woodwaedi,  var.  undatum,  n.  s.  Plate  I,  fig.  5. 

With  the  first  described  specimens  and  only  at  one  locality  were  found  a  few 
individuals  agreeing  in  general  shape  and  lobes  with  Otooeras  ivooclwardi,  but, 
unlike  even  the  larger  specimens  of  this  species,  showing  very  marked  wavy  ribs, 
only  very  slightly  bent  forward  near  the  siphonal  margin,  but  swelling  out  near 
the  middle  of  the  side  of  the  shell.  As  none  of  the  other  specimens  show  this 
character,  I  have  thought  best  to  separate  it  for  the  present  as  a  variety  of  the 
other  form. 

Locality, — South. of  Rimkin  Paiar,  east  slope  of  the  Kurgudtliidhar  mountain. 

Allied  forms. — The  ancestors  of  the  forms  above  described  must  be  sought  for 
in  the  family  of  the  Pinacoceratidm,  Mojs.,  the  oldest  known  ones  of  which 
occur  in  the  Devonian  of  Oberscheld,  Pinacooeras  Sagittarius,  Sandb.’^  That 
Sageceras,  known  from  the  Permian  and  which  like  Pimcooeras  lived  up  to  the 


^  Saudbei'ger  :  Scliichtcnsystcm  in  Nassau,  p.  77. 
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Upper  Triassic  limes,  is  a  descendant  from  Pinacoceras  is  proLable.  Tliei-e  is  au- 
ollier  form  which  hears  close  resemblance  to  Otoceras,  Goniatites  mtumesens,  Bey.  ’ 
var.  acutns,  which  is  a  close  relation  of  it  and  belongs  to  the  Devonian  system- 
In  external  shape,  thickness  of  shell,  fine  lines  of  growth  and  the  shar]i-edgcd 
siphonal  margin,  they  are  all  but  identical,  and  from  the  figure  (Ic)  it  scorns 
as  if  this  species  also,  in  a  rudimentary  stage,  possessed  the  ear-like  prolongations 
of  the  shell  near  the  rimbilical  region.  Turning  to  the  lobes  we  find  also  the 
first  lateral  saddle  largely  developed  and  turned  towards  the  umbilicus,  and  an 
indication  of  a  ^second  lateral  saddle,  but  the  lobes  terminate  in  simple  sharjr 
points  only,  though  corresjronding  in  general  proportion.  The  line  of  projection 
of  the  preceding  siphonal  margin  (vertical  to  the  median  plane)  cuts  through 
the  second  lateral  lobe  near  the  inner  margin  of  the  gi’eat  first  saddle.  We  have 
here  the  true  predecessor  of  Otoceras  in  Devonian  beds. 

The  next  younger  form  known  is  H'lmgaritcs  (Oeratites)  sfromiecM,  Gi-iep.* 
from  the  lowest  Wellenkalk  of  Brunswick,  which  shows  many  characteristics 
of  my  genus,  but  most  so  in  the  form  of  the  lobes  (fig.  3)  which  are  nearly 
identical  with  mine.  Apparently  also  the  projection  of  the  siphonal  margin  of 
the  preceding  whorl  passes  through  the  second  lateral  lobe. 

Whether  the  genus  Iluugarites^  is  a  further  development  of  Otoceras  is  not 
quite  clear  to  mo,  but  the  description  of  the  lobes  given  by  J.  Biickh*  seems 
to  point  to  a  relation  with  the  older  form  of  Otoceras.  Mojsisovic"  hints  at  the 
possible  derivation  of  P inacoreras  from  Goniatites  ernaciatus,  Barr.,®  and  indeed 
this  species  shows  even  greater  likeness  in  general  form  and  arrangement  and 
position  of  the  lobes  to  Goniatites  intumescens,  Bey.,  so  that  there  is  the  indica¬ 
tion  of  a  pedigree,  which  would  stand  thus  : 


Siluriiiu 


Devoniiiu- 


...  Goniatites  ernaciatus,  Barr. 


Carbuiis.  ami  Permian— 


tt'orfen  beds- 


Lower  fi’ellenkalk- 


Fitiacoceras  Sagittarius 


Sageceras 


Gon.  intumescens 


Carnites 


I 

Norites 


Otoceras 


Hungarites 


1  Saiidberger’s  Verst.  Rhein.  Schiehtonsyst.,  Taf.  VII,  Sg.  1. 
^  Zeitsch.  Dcutsch.  Geol.  Gesellsch.,  Taf.  VII. 

2  Verb.  Geol.  Reichsanst.,  1879,  p.  140. 

^  Foldtani  intezet,  1873,  p.  166. 

Abb.  Geol.  Reichsanst.,  Bd.  VI,  p.  43. 

6  Syst.  Sil.,  Vol.  II,  PI.  III. 
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Ptychites  lawebncunus,  DeKon. :  Quart.  Journ.  Geol.  Soo.,  Vol.  XIX, 

PL  VI,  fig.  3. 

As  sucli  I  determine  a  few  not  well  preserrod  specimens.  They  agree  very 
well  in  general  shape  and  in  the  formation  of  lobes  with  the  Salt-range  species, 
but  with  this  exception,  that  my  specimens  exhibit  traces  of  an  ear-like  ridge 
near  the  umbilical  margin,  thus  showing  some  kinship  to  Otoccras  woodwarLi . 
Further  researches  in  the  Himalayas  may  reveal  better  si^ecimen.s. 

Of  older  forms  the  most  nearly  allied  are  Goniatites  Iwenmc/havsi,  Von 
Buch,‘  G.  intumescens,  Bey.,  var.  intermedius,  Sandb.,'*  and  G.  hualiii,YGvi\.,^  thus, 
showing  in  some  degree  a  derivation  from  the  early  types  of  Otoceras,  and  itself 
representing  a  predecessor  of  the  later  PtyaJiites  forms  of  the  Muschelkalk. 

Genus:  NORITES. 

Norites  pt,.yxitlatus,  DeKon.,  var. :  Quart.  Journ.  Geol.  Soc.,  Vol.  XIX, 

PI.  V,  fig.  1. 

My  species  differs  somewhat  from  DeKoninok’s  figure,  in  that  the  rib.s  on  the 
sides  of  the  shell  are  more  strongly  marked  and  seem  indeed  to  form  tubei'- 
culous  masses  ;  the  siphonal  part  is  perfectly  flattened,  and  resembles  in  that 
Norites  gondola,  Mojs.  This  species  is  common  in  the  higher  beds  (89)  of  the 
Campiler  group  of  the  lower  trias. 

There  is  an  excellent  predecessor  to  this  species  found  in  Goniatites  temiistri- 
atus,  Vern.^ 

Tribe  :  LYTOCERATIDJE. 

Genus:  OPHICERAS.- 

Under  this  generic  name  I  propose  to  unite  forms  which  possess  the  external 
characters  of  the  Lytoceratidw,  but  possess  a  much  simpler  lobe-line  even  than 
Monoplnjllites,  and  must  be  considered  as  an  older  stage  of  development  of  the 
Lytoaeratites,  which  appear  first  in  the  Muschelkalk.  For  the  description  of 
the  generic  characters  I  refer  to  Ophiceras  tileticum,  n.  s.,  which  may  be  looked 
upon  as  the  type  of  my  genus. 

Ophiceeas  tibeticum,  n.  sp.  Plate  III,  figs.  1  to  7. 

Shell  compressed,  section  of  whorls  oval  and  widening  near  the  umbilicus 
(see  figs.  2  and  3)  ;  the  latter  largo  and  shallow.  The  shell  with  seven  to  nine 
whorls,  each  covering  a  little  more  than  a  third  of  the  pi’cceding  one.  The  shell 
is  thick,  especially  so  near  the  umbilicus,  and  covered  with  fine  wrinkles  or  lines 
of  growth  S-shaped  and  bent  forward  near  the  sijihonal  side  (figs.  4  and  .“>) 
In  the  body-chamber,  they  assume  the  character  of  fine  S-shaped  ribs  (fig.  C), 
resembling  in  that  stage  the  ribs  of  Lytoaeras'shnonyi,  Hau.,  with  which  species  my 
form  corresponds  in  many  characters.  At  in’ogular  intervals  the  shell  swells  into 
rounded  bumps,  largest  near  the  umbilical  margin.  The  siphonal  side  is  rounded, 

*  Trans.  Geol.  Soc.,  Vol.  VI,  2nd  Scr.,  PI.  XXV,  fig.  7, 

^  Rhein.  Scliiclit.  Syst.,  PI.  VII,  fig.  2. 

=  Trans.  Geol.  Soc.,  Vol.  VI,  Bnd  Scr.,  PI.  XXVl,  fig.  1. 

Trans.  Geol.  Soc.,  Vol,  VI,  2na  Scr.,  PI.  XXVI,  fig.  7. 

*  Oi/ji?  =  .serpent. 
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and  the  wrinkles  or  folds  run  across  it  and  join  with  those  of  the  other  side.  In 
a  larger  fragment  of  a  body-chamber,  which  I  refer  to  this  species  (fig.  1),  the 
back  is  smooth,  and  the  wrinkles  or  folds  show  only  near  the  umbilical  side. 

The  lobes  are  simple ;  the  projection  of  the  preceding  whorl  intersects  the 
second  lateral  lobe  near  the  outer  walljof  the  second  lateral  saddle  ;  the  siphonal 
lobe  is  much  wider  than  high,  with  a  moderately  high  siphonal  saddle,  separated 
by  the  siphon.  The  external  saddle  is  about  as  high  as  wide.  The  first  lateral 
lobe  is  very  deep  and  narrow,  followed  by  a  high  first  lateral  saddle,  bent 
inwards.  The  second  lateral  lobe  is  narrow  and  reaches  only  half  as  low  as 
the  fii'st  one.  The  second  lateral  saddle  resembles  in  shape  and  height  the  first 
one,  followed  by  a  lobe  of  about  the  same  depth  as  the  last  one,  situated  at  the 
umbilical  margin.  The  internal  sutures  are  very  simple.  A  deep  bipartite 
antisiphonal  lobe  is  accompanied  by  a  rounded  low  saddle  on  each  side.  The 
margins  of  all  the  saddles  are  entme  and  the  arches  of  the  lobes  very  finely 
serrated,  and  in  younger  specimens  and  the  inner  whorls  of  others,  often  entiie. 
Some  fragments  of  young  individuals  resemble  in  general  shape  this  species, 
but  show  slight  deviations  in  the  lobe-line  (fig.  7). 

Both  in  general  shape  and  number,  and  an-angement  (though  not  shape)  of 
the  lobe-lines,  this  species  closely  resembles  the  Lytoceratite  genera  {Monoyliyl- 
iites  and  PhylJoceras)  of  the  hluschelkalk  and  Hallstadt  respectively,  and  may 
be  said  to  be  an  earlier  stage  of  these  forms. 

The  earliest  appearance  of  a  form  belonging  to  the  chain  of  which  the 
above  species  is  only  a  link  may  be  said  to  be  Goniatites  holiemicus,  Barr.,  from 
the  Silurian,  and  can  be  traced  through  a  variety  of  allied  species  to  the  Devonian 
of  Nassau,  whore  wo  find  in  Goniatites  mquahilis,  Beyr.,  an  exact  likeness  of 
our  Himalayan  species.  Both  section  of  shelD,  general  characters  and  striation, 
agree  perfectly,  and  there  is  a  strong  resemblance  even  in  the  lobe-line.  The 
external  saddle  is  rudimentary,  as  is  also  the  second  lateral  saddle,  which  is 
moved  nearer  the  umbilical  margin.  But  there,  as  in  our  species,  \\e  find  a 
strongly  developed  and  large  first  lateral  lobe,  with  a  bend  towards  the  inner 
side,  closely  resembling  the  later  Himalayan  species.  We  have  here  connecting 
links  of  a  long  chain  of  forms  beginning  already  in  Silurian  times  and  reaching 
probably  high  up  in  the  cretaceous  series,  thus  : 

Silm-ian  :  Goniatites  hohemicus,  Ifevv.,  etc.  etc. 

I 

Devonian  ;  Goniatites  ceqnahilis,  Beyr. 


J.owev  Trias  :  Ophiceras,  etc.  etc. 

I 

Musclielkalk  :  MonopTiyllites. 

Hallstarlt :  I’hplloceras. 

etc.  etc. 

’  Sandbei'ger's  Rhein.  Verst,,  Taf.  t  !1,  fig.  10- 
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PART  2.]  Gneshach :  ValczoniologicaL  notes,  Loioer  Trias,  Ihnialayas. 

Opiiicreas  himalayanum,  iiov.  sp.  Plate  III,  fig.  8. 

Sliell  rather  less  evolnte  than  in  the  last  described  species,  the  last  whorls 
rapidly  increasing  in  height,  and  in  that  resembling  more  the  Lytooeras  simonyi, 
Mojs.,  even  than  the  last  species.  Bnt  both  the  sculpture  of  the  shell  and  the  lobes 
differ' considerably  from  OpMeems  tihetiaum.  There  are  a  number  of  nearly 
straight,  only  sightly  S-shaped,  ribs  running  across  the  sides  of  the  shell,  which 
near  the  commencement  of  the  body-chamber  (indicated  by  a  small  arrow  in  fig.  8) 
almost  disappear  and  change  into  irregular  fine  wrinkles  and  bumps  near  the 
umbilical  side.  What  remains  of  the  body-chamber  is  about  one-half  of  the 
entire  whorl.  The  siphonal  side  is  rounded,  the  umbilical  margin  sharply  defined, 
descending  straight  down  towards  the  shallow  and  wide  umbilicus.  The  lobes  are 
identical  with  those  of  the  following  species  (figured  in  fig.  96). 

Ophiceeas  medium,  nov.  sp.  Plate  III,  fig.  9. 

General  proportions  of  the  shell  the  same  as  those  of  the  last  described 
species,  but  the  shell  is  nearly  smooth  and  only  shows  slight  radiating  wrinkles, 
which  'disappear  entirely  towards  the  siphonal  side  and  are  only  slightly  bent 
forward  in  that  region.  The  lobe-line,  fig.  96,  resembles  more  that  (fig.  7)  which 
I  considered  as  a  younger  individual  of  tibeticum,  n.  s.  The  siphonal  lobe  ends 
in  two  sharp  points  on  each  side  of  the  divided  siphonal  saddle ;  the  external 
saddle  is  a  simple  arch,  rather  wider  than  high,  followed  by  a  narrower,  very  finely 
serrated  (at  the  base)  first  lateral  lobe.  The  first  lateral  saddle  is  wider  than 
high  and  bent  towards  the  umbilical  side.  The  second  lateral  lobe  docs  not 
reach  so  far  down  as  the  first,  is  narrower,  but  also  very  finely  serrated  at  the 
base.  The  second  lateral  saddle  is  low  and  broad,  and  reaches  over  the  umbilical 
margin;  on  the  antisiphonal  side  I  noticed  a  deep  and  bipartite  antisiphonal 
lobe  with  a  rounded  saddle  on  each  side  connected  with  the  second  lateral  saddle 
by  a  finely  serrated  lobe-line,  representing  one  or  more  auxiliary  lobes. 

Monophyllitbs  wetsoni,  0pp.,  Pal.  Mitth.  Plate  LXXXVI,  fig.  2. 

Agrees  well  with  Oppel’s  figure,  both  in  outward  appearance  and  course  of 
lobe-line.  It  was  found  only  in  fragments,  but  is  very  common  in  the  upper 
beds  of  the  lowest  Trias  group— the  Campiler  beds  of  the  Alps. 

Teachycekas  (?)  GIBBOSUM,  nov.  sp.  Plato  III,  fig.  10. 

With  the  above  forms  occurs  an  Ammonite,  which  in  outline  resembles 
somewhat  Trachyceras  (Amm.)  semi})  art  Hum,  Von  BuclP,  but  the  latter  is 
involute  in  a  higher  degree  than  my  species,  and  consccpiently  dcvelopes  several 
auxiliary  lobes  w.-:cb  arc  wanting  in  our  species.  I  have  at  present  referred 
this  form  to  Traahjeems,  but  it  is  very  probable  that  it  represents  a  connecting 
link  between  Ophioaras,  n.  g.,  and  Xenodisaus,  Waag.,  as  exemplified  in  X.  gan- 
geticAis,  DoKon.,  and  Buchianus,  DeKon.,  which  I  venture  to  include  in 
Waagen's  new  genus. 

1  tiber  Ccratitcs  Akad.  Wiss.,  BerHii,  184U,  PI.  Ill, 
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T.  glVlosum  is  moderately  involute,  leaving  a  wide  and  shallow  umbilicus  ; 
the  shell  is  thickest,  near  the  middle  of  the  sides,  in  the  region  of  the  “bumps,” 
which  occupy  exactly  the  centre-line  of  the  sides,  and  are  about  six  in  number 
in  the  last  whorl.  The  inner  whorls  are  quite  smooth,  and  on  the  surface  of 
the  shell  itself  neither  ribs  nor  strife  arc  visible.  The  section  of  the  mouth 
is  oval,  widest  about  halfway  up  the  sides.  The  siphonal ,  side  is  perfectly 
rounded.  The  body-chamber,  as  far  as  it  is  preserved,  amounts  to  about  half  a 
whorl  (the  arrow  indicates  the  commencement  of  it,  fig.  10). 

The  lobes  are  very  simple  and  resemble  those  of  OpMceras  medium,  n.  sp.> 
and  partly  also  those  of  Traoh,  semipa^-titum,  v.  Buch.  Besides  the  low  siphonal 
lobe  there  are  one  external  and  two  lateral  lobes  with  one  auxiliary  lobe,  which 
is  situated  near  the  umbilical  margin.  The  antisiphonal  lobe  is  deep  and  ends 
in  two  minute  points  (fig.  lOi). 


Tribe:  AEGOCERATID^,  Waag. 

Genus:  XENODISCUS,  Waag. 

Xlixoniscus  DKMISSUS,  0pp. 

1862.  Ammonites  demissns,  0pp. :  Pal.  Mitlb.,  Taf.  86,  fig.  1. 

1872.  Ceratites  carhonarhts,  Waag. :  Mem.  Gcol.  Surv.,  India,  Vol.  IX,  PI.  I,  figs,  2  &  3, 

1879.  Xenodiscus  carlonarius,  Waag. ;  Palmont.  Ind.,  Sor.  XIII,  PI.  II,  figs.  2  to  5. 

With  the  species  above  described  and  in  the  same  bed  (2)  with  Posidonomya 
angusta,  Hau.,  and  other  Werfen  bed  fossils,  occur  numerous  specimens  belonging 
to  a  chain  of  forms  which  might  bo  roughly  described  as  beginning  with  the 
Hat  and  characteristic  Xenodiscus  demissus,  0pp.,  and  ending  with  Xenodiscus  (?) 
hucliimms,  DeKon. 

I  have  nothing  to  add  to  the  description  of  the  above-named  species  after 
tlic  excellent  exposition  given  by  Waagen  in  tho  Pala3ontologia  Indica,  but  may 
add,  that  there  can  be  no  doubt  that  OppeTs  figure  agrees  with  Waagon’s  species, 
as  it  does  with  my  specimens.  Tho  species  is  so  common  in  bed  2,  that 
necessarily  there  is  a  great  variety  of  forms,  all,  however,  agreeing  in  the 
ju'incipal  characters.  They  show  greatest  xairiation  in  the  ribs  or  wrinkles  of 
the  shell,  to  which  I  may  add  that  the  shell  itself  is  rather  thick,  especially  so 
lialf-way  up  the  flattened  sides,  and  is  covered  by  wrinkly  linos  of  growth,  which 
at  intervals  developo  into  ribs. 

It  is  poSiSiblo  to  arrange  from  amongst  them  a  complete  chain,  passing  from 
the  evolute  specimens  (representing  Oppel  and  Waagen’s  species)  uj")  to  consider¬ 
ably  involute  varieties,  and  in  that  stage  closely  resembling  tho  two  species  of 
DoKonirick’s  GonintHes  gangeticiis  and  Ger.  buehimms. 

Though  Dr.  Waagen  does  not  say  so  in  his  description  of  the  new  genus, 
1  presume  that  Xenodiscus  is  really  the  early  stage  of  development  of  Aegoceras, 
Waag.,  and  stands  in  the  same  relation  to  the  latter  genus  as  ilocs  Otoceras  and 
Ophiceras,  I’cspoctivcly,  to  Finacoceras  and  Lytoceras. 
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EXPLANATION  OF  PLATES. 

PLATE  I. 

Eigs.  1  to  3.  Nautilits  BiiAnsiANicus,  n.  s. 

Fig.  4.  OxOCHEAS  WOOBVARDI,  11.  S. 

Fig.  5.  „  var.  undatxtji,  ii.  s. 

PLATE  II. 

Figs.  1  to  6.  Otocbkas  woodwaedi,  ii.  s. 

PLATE  in. 

Figs.  1  to  7.  OpniCEEAS  TIBETICXiM,  11.  S. 

Fig.  8.  „  IXIMALAYANUM,  11.  S. 

Fig.  9.  „  MEDIXTM,  11.  S. 

Fig.  19.  TeACHYCEEAS  GIBBOStTM,  11.  S. 

PLATE  IV. 

Profile  of  Trias  and  Rlicetic  bods  of  Sbal-Slial  in  the  Tibetan  Himalayas. 
The  elevation  of  the  base  of  the  cliff  (carbonifoi’ons  quartzite)  is  about  14,000 
feet  above  the  sea. 


On  the  Artesian  Wells  at  Pondicheert,  and  the  possibility  of  finding  such 
SOURCES  OF  WATER-SUPPLY  AT  MADRAS,  llj  WiLLIAM  KiNG,  b.A.,  Deputy  Super- 
intendent,  Geological  Survey  of  India. 

Some  three  years  ago  it  xvas  announced  that  ojierations  had  been  commenced 

History  and  progress.  Pondicherry  with  a  view  to  tlie  discovery  of  arte. 

sian  Avolls, — a  doubtful  enough  experiment  when  the 
position  of  that  city  on  a  wide  alluvial  flat  bordei’ing  the  sea  is  taken  into  ac¬ 
count,  and  that  few  of  the  ordinary  physical  or  stratigraphical  features,  usually 
considered  as  giving  pi'omLse  of  such  outflows  of  watei’,  are  apparent  at  fir.st 
sight.  Such  featui'es  do,  however,  occur  partially ;  and  their  possible  existence 
became  gradually'  so  impressed  on  the  mind  of  Mr.  Ch.  Poulain,  the  manager  of 
the  Savana  and  Oopallem  cotton  mills,  that  he  urged  on  the  proprietors  the  advis¬ 
ability'  of  making  experiments,  and  ultimately  carried  out  a  boring  with  such  suc¬ 
cess  that  water  is  now  issuing  from  the  tube  with  a  hy'drostatic  level  of  nearly 
three  feet  over  the  surface  soil  and  a  discharge  of  44  imperial  gallons  in  the 
minute. 

Mr.  Poulain,  from  time  to  time,  during  the  progress  of  this  first  well,  read 
a  series  of  papers  before  the  Goveimment  Commission  on  artesian  wells,  in 
which  he  gave  his  reasons  on  geological  and  physico-geographical  grounds  for 
expecting  that  w'ator-beai’ing  strata,  or  sheets  of  water  with  a  head,  might  be 
tapped  under  the  Pondicherry  plain,  at  the  same  time  giving  short  notes  of  the 
progress  of  his  wmrk.'  The  data  so  recorded  and  other  information  obtained  per¬ 
sonally  from  this  gentleman  have  been  largely  included  in  the  pi’oscnt  paper. 


'  Sue  Aiipcudix  2. 
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I  am  also  mucli  indebted  to  Mr.  Carriol,  Chief  Engineer  of  Pondicherry,  for 
his  guidance,  and  for  placing  of  all  available  information  and  assistance  at  my 
disposal  in  this  enquiry. 

The  oriffinal  well  at  the  Savana  filature  was  commenced  on  the  1st  Febni- 
ary  1877,  and  the  boring  (after  several  accidents  and  a  removal  to  a  short  dis¬ 
tance)  having  been  put  down  to  a  depth  of  about  174  feet,  the  present  rising  sheet 
of  water  began  to  flow  and  obtained  a  height  of  nearly  a  foot  over  the  soil  and  a 
discharge  of  nearly  20  gallons  per  minute  on  the  10th  Sejjtember  in  the  same 
year.  The  flow  increased  to  more  than  double  this  amount,  and  it  has  now 
been  going  on  steadily  for  more  than  two  years. 

In  the  succeeding  year  a  second  boring  was  .started  at  the  Oopallem  mills, 
and  in  the  remarkably  short  period  of  thirty-seven  days,  and  at  the  moderate 
expenditure  of  Es.  1,500  (not  accounting  for  apparatus  and  repairs),  a  -water¬ 
bearing  stratum  was  tapped  at  about  115  feet  which  is  now  discharging  99'5 
gallons  a  minute  at  a  height  of  neaily  one  foot  over  the  surface,  and  has  con¬ 
tinued  so  since  the  11th  October  1878. 

The  French  Government  being  now  convinced  of  the  occurrence  of  water- 
sheets  with  a  ‘  head,’  determined  on  developing  this  unforeseen  source  of  water- 
supply.  A  site  was  selected  in  the  Jardin  d’Acclimatation ;  and  under  the  ad¬ 
ministration  of  Mr.  Carriol,  the  Chief  Engineer,  a  third  boring  was  carried  out 
-with  great  success,  a  sheet  of  water  being  struck  at  261  feet  Avhich  has  had 
a  discharge  of  146'52  gallons  a  minute,  at  4'85  feet  over  the  level  of  the  soil,  since 
the  20th  March  1879.  This  boring  was  carried  out  with  great  cai’e,  details 
and  specimens  of  the  strata  jiassed  through  having  been  preserved. 

It  is  difficult  to  give  an  idea  of  the  very  charming  and  inspiriting  effect  of 
this  fountain  so  opened  up  in  these  gardens,  though  for  a  so-called  fountain  the 
height  of  the  jet  is  very  insignificant.  The  large  basin  is  raised  well  over  the 
level  of  the  gardens  for  the  necessary  distribution  of  the  water,  while  a  large  rose 
is  placed  over  the  orifice  of  the  tube,  so  that  the  water  only  wells  up  rather 
violently  and  falls  in  a  bubbling  mass  about  a  foot  over  the  surface  of  the  sheet  in 
the  basin.  The  mere  gush  of  clear  and  brilliant  water  in  a  country  where  one  so 
seldom  secs  water  in  such  joyous  motion,  rising  as  it  does  from  an  unknown 
source,  makes  this  fountain  a  most  fascinating  and  beautiful  feature,  and  soon 
tends  to  lead  one  into  an  enthusiastic  belief  in  the  existence  of  similar  sources, 
and  the  possibility  of  opening  them  up,  in  almost  any  moderately  extensive  alluvi¬ 
al  flat  on  the  coast  or  even  far  inland.  The  Savana  well  is  ill-placed,  among  the 
mill  buildings  in  the  deep  shadow  of  its  service  well  or  basin,  and  its  discharge  is 
not  so  great ;  but  the  Oopallem  well  makes  a  brilliant  oasis  of  its  grass-grown 
mound  in  the  otheiwise  rather  sombre  factory  compound. 

The  supply  of  water  from  this  well  being  sufficient  for  the  gardens,  a  second 
boring  -W'as  started  under  the  same  auspices  and  able  administration,  on  about  the 
most  elevated  ground  in  Pondicherry,  in  the  Ville  Noire,  with  the  laudable 
object  of  distributing  water  over  the  native  quarter.  Here  the  works  are  on  the 
same  extensive  scale,  and  much  larger  piping  is  used.  Not,  however,  until  a 
depth  of  650  feet  has  rising  water  been  met  with ;  and  this  only  comes  within  35 
inches  of  the  surface,  -with  a  discharge  of  about  20  gallons  a  minute.  This  result 
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is  very  poor,  ijnt  it  is  hopeful,  nevertheless,  the  other  wells  having  also  shown 
similar  sheets  with  such  a  low  liyclrostatic  level. 

A  fifth  well  has  also  been  started  by  Mr.  Cornet,  one  of  the  proprietors  of  the 
filatures,  in  his  own  compound  within  the  city  and  much  nearer  to  the  sea  shore- 
My  latest  information  on  this  boring  is  that  a  stratum  of  rising  water  had  been 
struck  at  200  feet.  The  water  is  not  yet  very  abundant,  and  it  is  only  of  middling 
quality. 

Some  trials  have  also  been  recently  made  elsewhere  in  this  part  of  India.- 
which  it  is  just  necessary  to  notice  here.  Mr.  A.  do  Closets,  C.E.,  of  Madras, 
reports  as  follows  : — “  A  trial  well  I  ihad  boi-cd  in  Madras  at  the  then  Napier 
Ii-on  Works  through  strata  of  blue  clay  and  sands  alternately,  reached  at  30  yards 
an  ascending  water  sheet  of  brackish  water,  above  a  stratum  of  a  greenish  kind 
of  sandstone.”  This  well  was,  I  believe,  abandoned  on  financial  grounds.  Again, 
in  another  boring  now  under  operation  in  Madura,  Mr.  do  Closets  has  been  pierc¬ 
ing  alluvial  strata  with  the  hope  of  meeting  a  water  sheet,  but  as  yet  without 
success. ’■ 

On  the  completion  of  the  boring  in  the  Jardin  d’Acclimatation,  the  subject  was 
bi’ought  to  the  notice  of  the  Jladras  Government  through  an  extract*  from  the  Mom- 
teur  0£Mel  of  the  French  Settlements  in  India,  and  an  enquiry  was  then  instituted 
as  to  the  expediency  of  sinking  such  wells,  and  as  to  whether  any  suitable  local¬ 
ities  for  artesian  w'ell-sinking  were  known  in  the  Presidency.  At  (his  time  I  had 
only  the  data  supplied  in  Mr.  Carriol’s  report,  and  had  not  seen  Pondicherry  or 
its  neighbourhood  for  nearly  22  years,  so  could  mdy  suggest  the  possibility  of 
such  wells  being  found  in  similarly  jrhiced  alluvial  flats,  while  I  hazarded  the 
speculation  that  the  gush  of  the  water  might  be  due  to  the  pressure  of  superin¬ 
cumbent  alluvial  strata.  The  interest  attached  to  these  wells  is,  however,  so 
great  that  a  personal  inspection  of  them  became  necessary,  and  I  was  enabled  to 
visit  Pondicherry  in  December  last,  when  the  materials  for  this  paper  were 
collected. 

The  Savana  Boring. 

Mr,  Poulain,  though  much  interested  in  the  strata  passed  through  in  this 
Ko  very  detailed  obseiv-  working  and  that  at  Oo|)allem,  has  unfortunately  not 
alions  extant.  given  very  detailed  accounts  of  them  in  his  papers, 

neither  did  ho  preserve  an  orderly  series  of  specimens  of  the  rocks.  Indeed, 
his  paramount  interest  and  object  were  rather  to  get  at  the  hoped-for  rising  sheets 
of  water,  one  of  which  should  be  of  a  sufiicient  quantity  and  of  a  .suitable 
quality  for  the  mills  which  had  hitherto  been  supplied  with  well-water  given 
to  depositing  a  coating  in  the  boilers.  The  following  tabular  section  (Table  1 ) 
has,  however,  been  constructed  fi’om  the  papers  he  read  before  the  Commission  ; 
it  is  arranged  after  the  model  of  those  kept  at  the  Government  borings,  so  as  to 
give  the  details  at  a  glance,  and  facilitate  any  correlation  which  may  be  made 
between  the  other  borings. 

1  In  Northern  India  borings  for  water  have  been  made  to  481  feet  (Calcutta),  and  to  701  feet 
(Uniballa),  without  .cticcess.  See  Manual  of  the  Geology  of  India,  p.  397, 

2  See  Appendix  1. 
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The  water 


The  water  liere  is  very  limpid  with  a  faint  bluisli-green  tinge ;  a  very 
slight  sulphurous  odour  is  given  off.  It  is  reported  as 
good  to  the  taste,  savoring  an  apparent  metallic  flavour  ; 
nitrate  of  silver  gives  a  faint  opaline  cloud,  and  tannin  produces  no  change  of 
color.  No  deposit  is  formed  on  the  boilers  at  the  filature.  The  temperature 
at  the  orifice  is  33®  C.  or  fil'd®'  F.  Clots  and  fluffy  masses  of  rusty-green  vege¬ 
table  matter  soon  gather  on  the  surface  of  the  water  in  the  service  well  or 
receiving  basin. 

The  well  is  situated  at  about  1,880  yards  from  the  seashore,  and  about  250 
yards  from  the  right  bank  of  the  Edoupar,  a  small  tribu- 
tar-y  of  the  northern  arm  of  the  Ariankiip  or  Gingee  river, 
a  short  distance  outside  and  to  the  south-west  of  Pondicherry.  The  nearest 
high  ground  of  older  rocks  than  the  alluvial  deposits  is  the  low  Red  Hills  plateau 
which  commences  to'rise  from  the  plain  at  about  2  miles  to  the  north-west.^ 

The  tube  has  an  internal  diameter  of  5'57  inches,  and  a  total  length  of  172 '79 
feet,  being  made  up  of  rivetted  segments  of  8'‘^0  to 
9'14  feet  long. 

Table  I. — The  Savana  Boring. 


Locality. 


Tubii)" 


o 

§•2 

W 

'a 

^  . 

O 

J=1  O 

rt't- 

>-  o 

Beds. 

iekness  of  be 
iu  meters. 

s 

M  a 
o 

50 

be  5» 

Remabks. 

< 

CLi 

Surface  soil,  say  about 

3-00 

3  00 

1  \ 

Coarse  sand,  with  some  rounded  pebbles, 
quartz,  and  sub-angular  particles  of  (?) 
basalt. 

I'OO 

4'00 

1st  February  1877. 

2 

\ 

Coarse  sand,  such  as  is  employed  in  the 
making  of  lime. 

8'40 

7-40 

3\ 

I 

Black  clay  with  the  same  sand  and 
pebbles  mixed  in  it. 

0-40 

7-80 

As  this  clay  was  pierced, 
all  the  water  disappear¬ 
ed  from  the  tube. 

4 

Black  clay  more  compact,  scarcely  any 
sand,  -yearly  spangles,  fragments  of 
shells. 

2'48 

10-28 

B  1 

Quai'tzose  sand,  stained  with  black  clay, 
.about 

0-38 

10-66 

At  10'28,  1st  rise. 

6 

Pure  black  clay,  very  plastic 

5  34 

16-00 

At  16-00,  an  accident. 

V 

Black  clay,  containing  a  little  sand 

0-58 

16-58 

At  IG'58,  2ud  rise. 

8 

/ 

Pure  black  clay,  and  cl.ay  mixed  witli  fine 
and  coarse  sand. 

2-42 

10-00 

^  'J'lie  lietglit  of  tUe  surface  at  tlie  well  ov'cr  mean  sea-level  is  9  feet.  Before  the  boring  the 
water-level  in  the  ordinary  wells  was  11'48  feet;  but  now  it  has  risen  to  8'85  feet.  Ihis  increase 
has  taken  place  since  the  surplus  water  of  the  artesian  well  has  been  allowed  to  How  into  the  tank 
situated  in  the  north  part  of  the  premises. 
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•  5ib 

'a 

"O  rn 

o  ^ 

gw 

. 

■f!  S 

'T3  ^ 

« 

&c^. 

Beds, 

O  ‘“ 

^  .2 

o  « 

Remarks. 

Cm  . 

®  tK.S 
o  a  c3 

S  o 
|p 

a  ^ 

^  - 

a;  — 

k  rr, 

be  m 

■< 

Ad 

9 

c 

Coarse  quartzose  sand,  brilliant  and  dull 

8-00 

2700 

.At  22  00,  1st  gush. 

grains,  white  to  yellowish-red,  lower 
down  mica  spangles. 

10 

D 

Black  clay 

6-00 

33'00 

At  33,  2nd  gush. 

11 

E 

Grey  sand  of  extreme  fineness,  fiuld  and 

1-00 

3-l.'00 

even  viscous. 

Water  lowers  as  boring 

pirooeeds. 

12 

P 

Black  clay,  plastic,  compact,  with  some 

2-00 

3600 

rare  black  and  schistose  pebbles. 

13 

G 

Silioions  sand,  coarse-grained  stained 

I'OO 

37  00 

At  36'50,  a  rise. 

with  a  little  clay. 

14  \ 

Impermeable  bed  of  clay,  less  black  than 

8  00 

45'00 

the  previous  ones  :  containing  some 
grains  of  calcareous  concretions  (1  to 

5  millimeters  cube)  and  others  a  little 
larger.  Sometimes  a  little  sand,  mixed 

or  in  thin  seams. 

isV 

/ 

Same  clay,  with  rounded  pebbles,  size  of 

I'OO 

46'00 

At  4fi,  3rd  gush,  but  a 

J 

[ 

peas,  others  a  little  larger,  black  and 
white. 

fall  below'  soil. 

16\ 

> 

Coarse  sand,  with  pebbles  of  quartz 

0'50 

46-50 

At  4G'50,  water  stojis  at  30 

centimeters  abov.e  soil. 

17 

i 

Coarse  sand,  pebbles  rarer,  mixed  with 

0-50 

47'00 

fine  grey  fluid  sand  like  that  at  33 
meters.  Lower  in  the  bed  pebbles  still 
more  rare,  grains  of  sand  very  large 
(2-3  mm.  cube)  of  byaline  quartz,  small 

debris  of  kaolin. 

18 

Coarse  sand,  smaller  grains  and  rolled 

I'OO 

4800 

pebbles. 

19 

River  sand  a  iittle  mixed  with  fine  sand 

200 

5000 

At  49'90,  water  stays  at 

! 

like  sea-.sand,  still  some  fragments  of 

50  centimeters,  when  all 

■ 

1 

white  clay  s  then  the  sands  alternately 
fine  and  coarse.  (Here  were  noticed 
■  some  particles  of  blackish  calcined  clay 
;  and  some  fragments  resemhiing  country 
brick,  but  Mi*.  Poulaiu  hesitated  at 

at  once  there  is  a  4tli 
gush.  Eventually  water 
lowers  rapidly. 

such  recognition  until  some  small 
sherds  of  pottery  appeared;  even  then 

j  be  admits  that  these  may  have  fallen 

from  above). 

20 

^  Coarse  sand  containing  pellets  of  black 

I'OO 

51  00 

clay  as  large  as  picas  ;  sand  fine  and 
coarse-grained,  the  two  sands  being 
sometimes  mixed,  soiled  with  a  little 

/ 

! 

1  black  slushy  clay. 
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No,  of  bed  accord¬ 
ing  toAIr,  Pou- 
lain. 

Arbitrary  group¬ 
ing  of  Mr.  King. 

Beds. 

Thickness  of  beds 

;in  meters. 

Progressive  thick¬ 

ness  in  meters. 

Eemaeks. 

21’ 

/ 

Debris  of  friable  “  psaramite  ”  (?  ferru¬ 
ginous  grit)  tainted  with  some  yellow 
ocliroous  clay,  mixed  with  sand,  rolled 
pebbles,  and  some  lumps  of  hard  greyish- 
white  limestone. 

1-68 

52-68 

At  52-68,  5th  gush,  10th 
September  1877. 

22 

Coai'se-grained  blackish  sand,  then  some 
debris  of  ferruginous  grit  of  a  deep 
brown  colour,  less  friable  than  the  pre¬ 
ceding,  mixed  in  the  mass  of  coarse¬ 
grained  white  sand  slightly  soiled  with 
yellow  ochreous  clay. 

In  tills  table,  tlie  strata,  their  separate  thicknesses,  the  progressive  depths,  the 
remarks,  &c.,  are  collated  from  Mr.  Ponlain’s  papers  already 
An  arbitrary  grouping  referred  to.  I  have  myself  taken  the  liberty  of  making 
a  tentative  grouping  of  the  strata  into  series  of  permeable 
and  impermeable  beds,  or  an  arenaceous  and  arg’illaoeous  groujiing,  thus  .  ■ 


Groups  op  beds. 

Feet. 

Feet. 

Surface  soil . 

9-84 

9-84 

A. — Coarse  sands . 

14-43 

24-27 

B. — Black  clays 

38-04 

62-31 

C. — Coarse  sands 

26-24 

88-55 

D. — Black  clays 

19-68 

108-23 

E. — Grey  sands 

3-28 

111-51 

F. — Black  clays 

6-56 

118-07 

G.— Sands . 

3-28 

121-35 

H. -Clays . 

29-52 

150-87 

I. — Gravelly  and  pebbly  beds . 

16-40 

167-27 

J.— Sands  with  debris  of  furruginous  grits . 

5-51 

172-78 

The  arenaceous  beds  were  always  loose  and  incoherent,  never  consolidated ; 

the  strata  passed  through  are  then  clearly  alluvial  and 
All  alluvial  strata.  recent.  The  tertiary  red  sandstones,  or  “  Cuddalore 

sandstone”  of  the  Survey  nomenclature,  crojiping  up  in  the  low  hills  to  the 
north-west,  have  not  been  touched  by  the  boring  rod, much  less  the  ci'etaceous 
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The  behaviour  of  the 
water  sheets. 


Above  first  imperme¬ 
able  seam. 


strata  hading  up  still  further  to  the  west  on  the  shores  of  the  great  Oussandan 
tank  west  of  Pondicherry. 

The  permeability  or  otherwise  of  the  beds  is  very  clear  in  this  boring :  no 
sooner  is  fair  clay  reached  and  pierced  than  the  tube 
(filled  with  water  from  the  .sand  above)  is  gTadually 
emptied,  until  sand  is  again  reached,  when  water  again 
appears.^  A  sheet  of  water,  or  a  seam  charged  with  water,  was,  however,  struck 
at  54'38  feet,  which  rose  in  the  tube  and  ran  over  at  3'28 
feet  below  the  surface  of  the  soil,  still  above  se^  level 
and  also  above  the  level  in  the  surrounding  wells  ;  so  that 
here  was  water  clearly  under  pressure  of  some  kind.  The  seam  of  sand  and  clay 
being,  however,  very  thin,  the  boring  was  pushed  on  through  the  succeeding  clay, 
until  at  62 '32  feet  a  second  sheet  was  found  to  rise 

Below  the  l.st  seam  of  inches  over  the  soil,  and  after  a  short  time  to  17' 5 
clays.  ’ 

inches.  However,  as  the  boring  progressed,  the  water 

fell  again  3'28  feet  below  level  of  soil,  and  then  an  accident  occurred  to  the 
tubing  which  necessitated  the  starting  of  a  new  boring  at  2  feet  to  one  side.  In 
the  new  hole  similar  strata  were  passed  through,  and  at  72‘16  feet,  water  at  last 
rose  to  15 '60  inches  above  the  soil. 

The  curious  feature  in  the  progress  of  these  two  borings  only  2  feet  apart, 
— that  in  about  26  feet  of  coarse  sand  without  any  clay  the  water  first  rose 
over  the  soil,  then  gi-adually  fell  to  nearly  3  feet  below  the  surface,  and 
finally  rose  again  to  nearly  I'S  feet  over  the  surface, — is  attributed  by  Mr. 
Poulain  to  faultiness  in  his  first  tube,  which  he  thinks  was  not  quite  staunch  at 
the  rivetted  joinings.^ 

A  third  seam  of  permeable  material  (E)was  again  met  at  108'23  feet  of 
In  the  2nd  band  of  about  3'5  in  thickness,  which  gave  a  discharge  of  water 
clays.  at  35  inches  above  the  soil,  but  the  boring  was  continued 


in  the  hope  of  obtaining  a  better  flow. 

At  118  feet,  a  3-feet  seam  of  sandy  material  only  allowed  of  water  rising 
to  within  a  little  more  than  2  feet  of  the  surface.  It  is  not  clear  whether 
sufficient  time  was  allowed  here  for  the  water  to  rise  higher,  as  it  ought  to  have 
done,  even  though  retarded  through  a  more  compact  condition  of  the  sand. 

After  this  came  29  feet  of  impermeable  clays  (11),  from  below  which  water  rose 
Below  tlie  2ud  band  of  ^  feet  above  the  soil  and  then  fell  to  27'30  inches  below 
clays.  that  level. 

The  auger  now  passed  through  a  more  varied  set  of  generally  arenaceous  beds, 
without  any  definite  seams  of  clay  or  other  impermeable  materia  l,  yet  the  water 
rises  and  falls  in  a  remarkable  manner,  though  ultimately,  at  the  bottom  of  this 
series,  the  point  is  reached  from  which  the  present  fine  flow  of  the  Savana  well 
rises.  There  are  altogether  some  25‘35  feet  of  these  sandy  beds.  After  entering 
on  this  series,  the  water  mounted  slowly  and  stopped  at  11’70  inches  over  the 
soil :  afterwards  it  rose  as  high  as  19'5  inches  when  (as  graphically  expresed  by  Mr. 


'  The  fact  would  require  that  some  permeable  beds  are  quite  cut  off  from  the  artesian  (or  any 
other)  source,  and  are  still  unsaturated,  if  the  ^vord  ‘  emptier’  is  to  be  taken  literally. 

-  The.  explanation  would  suggest  that  the  phenomenon  only  occurred  in  the  first  boring. 
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Poiilain)  all  at  once,  at  a  stroke  of  tlie  borer,  tbe  water  rose  rapidly  and  flowed 
out  over  tbe  mouth  of  the  tube  at  nearly  3'28  feet  above  the  soil.  It  then 
fell  and  rose  in  the  tube,  ceased  to  flow,  and  finally  lowered  rapidly,  at  a  depth 
of  163-57  feet.  The  auger  still  continued  through  what  are  to  all  appearance 
l)crmeable  beds,  though  no  further  rise  took  place  until  at  nearly  178  feet,  when 
there  was  a  powerful  discharge  of  sand.  This  having  been  gradually  reduced,  the  ■ 
water  rose  to  a  height  of  11-70  inches  over  the  soil  with  a  dischar-ge  of  19-81 
gallons  a  minute. 

I  do  not  think  we  can  here,  below  the  .second  band  of  clay,  consider  [that 
more  than  one  water  sheet  hrs  been  tajipcd.  The  odd 
behaviour  of  the  water 


Docs  not  imply  tlmt 
(licrc  are  more  tliaii  one 
slicet  below  last  se-am. 


in  its  oscillations  being  in  gi’eat 


measure  attributable  to  a  possible  choking  up  of  the  material 


round  the  bottom  of  the  tube  as  it  was  forced  down  among  varied  sands,  in  which 
are  at  times  seams  of  clay-galls  and  other  fragments  of  clayey  material :  while  in 
the  new  movements  supei-induced  among  the  water  channels  or  passages  by  this 
suddenly  oponed-up  vent,  it  is  quite  possible  that  there  may  have  been  frequent 
blocks.  The  height  of  the  jet  was,  however,  poor  as  compared  with  what  had  been 
attained  in  the  earlier  stages  of  the  boring,  and  this  and  the  discharge  -were  only 
attained  after  some  days.  The  discharge  when  I  saw  the  well  in  December  last  was 
about  44  gallons  a  minute,  with  a  hydrostatic  level  of  about  one  foot  over  soil. 

For  the  beds  exhibited  by'  this  boring:  it  is  to  be  noted  that  there  are  two 
Two  wcllflefincdse.Tms  well-defined  and  thick  seams  of  clay  which  act  perfectly 
or  bands  of  clay.  as  impermeable  band.s,  from  under  which  water  rises  over 

the  level  of  the  soil.  The  lower  clay  seam  is,  however,  separable  into  three  divi¬ 
sions  by  two  thin  seams  of  sand,  from  each  of  which  there  was  a  gush  of  water. 


Position. 


The  Oopallem  Well. 

This  is  situated  within  the  compound  or  yard  of  the  Oopallem  filature  on  the 
Pondicherry- Cuddalore  high  road,  and  in  the  depression  of  the  same  small  stream 
passing  to  the  south-west  of  Pondieheny.  It  is  within 
820  yards  of  the  sea  shore,  but  about  650  yards  to  the 
south  of  the  parallel  of  the  Savana  well,  and  about  100  yards  from  the  left 
bank  of  the  Edoupar  stream. 

The  present  discharge  is  99-5  gallons'  a  minute  at  a  hydrostatic  level  of 
Tbe  tubing  and  dis-  '^'28  feet.  The  tube  has  an  internal  diameter  of  7-08 
ebarge  of  water.  inches,  and  is  119  feet  long. 

The  water  is  very  similar  in  character  to  that  of  the  Savana  well ;  if  any¬ 
thing  it  appeared  to  me  to  be  more  sparkling  and  to  have 
Tbe  water.  rather  a  bluer  tinge.  The  suljihui’ous  odour  is  stronger. 

The  same  vegetable  matter  forms  and  floats  olf  on  the  surface,  perhaps  rather 
more  quickly  and  in  better  growth  owing  to  the  free  exposure  to  air  and  light ; 
the  bed  of  the  channel  leading  away  from  the  basin  is  coated  with  a  some¬ 
what  similar  growth,  and  this  again  is  covered  by  a  veiy  thin  bro-^vn  ferruginous 
scum.  The  water  was  distinctly  tepid  to  the  touch  in  the  cool  weather  of 
December,  and  is  of  about  the  same  temperature  as  that  of  the  Savana;  it  is  drunk 
freely  by  the  natives. 
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It  is  to  be  noted  that  the  discharge  is  much  over  that  of  the  Savana 
Better  diseliai'ge  than  appears  to  be  in  proportion  with  the  capa- 

in  the  Savana  well.  cities  of  the  tubes,  qualified  by  the  different  depths  and 

the  more  compressed  strata  in  the  deeper  boring.  The  discharge  powers  of 
the  two  tubes  are  as  44  to  31 :  the  actual  discharges  being  as  99’ 6  to  44. 

The  following  table  of  the  strata  passed  through  in  this  boring  has  been  sent 
to  me  by  Mr.  Poulain  ; — 

Tahle  2. — The  Oogalem  Boring. 


No.  of  bed  according 
to  Mr.  Poulain. 

1  Arbitrary  groupini? 

1  of  Mr.  King. 

1 

Beds. 

Thickness  of  beds 
in  meters. 

Progressive  dhiek- 

ness  in  meters. 

Remarks. 

1 

Vegetable  mould 

060 

0-60 

2\ 

f 

Fine  siind  with  clay 

2-35 

2-95 

sT 

A  ^ 

Coarse  sand  with  pebbles,  and  some  clay 
near  the  bottom. 

15'18 

18-13 

Rising  sheet  to  1  meter 
below  surface. 

4J 

( 

Pebbles  with  sand,  and  some  clay 

0'60 

18-73 

5 

B 

Dark  clay  with  fine  sand  ... 

2-50 

21-23 

6 

C 

Dark  and  hard  clay 

14-47 

35-70 

Gushing  water  slicet. 

7 

U 

Fine  sand  and  pebbles 

... 

The  water-level  in  the  ordinary  wells  is  between  6  56  and  9'67  feet  below 
surface  soil,  which  is  6  feet  above  mean  sea-le'vel. 

An  arbitrary  grouping  of  the  beds  may  be  put  as  follows  : — 


Groups  of  beds. 

Feet. 

Feet. 

1-96 

1-96 

A. — Sands  and  pebbly  beds  with  clay 

59-46 

61-42 

B. — ^Dark  clay  with  flue  sand 

8-20 

69-62 

47-46 

117-08 

The  Boeing  at  the  Jardin  d’  Acclimatation. 

The  next  well  in  order  of  date  is  that  in  the  Jardin  d’  Acclimatation, 
situated  between  Savana  and  Oopallem,  immediately  on 
Position.  south-west  edge  of  the  town,  at  about  1,450  yards 

from  the  seashore,  160  yards  south  of  the  parallel  of  the  Savana  well,  and 
170  yards  from  the  left  bank  of  the  Edoupar. 
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The  boring  was  commenced  on  tbe  30tli  October  1878,  and  tlie  present 
The  water  and  its  dis-  water-bearing  stratum  was  reached  on  the  13th  February 
charge.  1879,  since  which  time,  with  the  exception  of  a  few  days 

of  gradual  rise,  the  flow  has  continued  at  the  same  height  and  rate  of  discharge. 
The  water  has  a  temperature  of  34'30  C.  or  93*74  F. ;  it  is  rery  clear,  with 
a  faint  bluish-green  tinge,  and  has  a  slight  chalybeate  taste.  A  strong  sul¬ 
phurous  odour  is  given  off ;  and  the  usual  vegetable  scum  is  formed  on  the 
surface  and  floats  away.  It  is  drunk  freely  by  the  natives,  and  it  boils  ve¬ 
getables  perfectly. 

The  following  tabidar  section  (3)  is  compiled  from  one  supplied  to  me  by 
Mr.  Carriol  and  from  another  table  given  in  the  Proceed¬ 
ings  of  the  Madras  Grovernment,  Revenue  Department.! 
In  this  table  also,  I  have  attempted  a  grouping  of  the  beds  according  to 
their  sandy  and  clayey  constitution: — 


Boring  section. 


Taljle  3. — The  Boring  in  the  Jardin  d’ Acclimatation. 


Xo.  of  beds  accord- 
ingr  to  official 
table. 

Arbitrary  group¬ 
ing  of  Mr.  King. 

Bros, 

Thickness  of  beds 
in  meters. 

Progressive  thick¬ 
ness  in  meters. 

Remarks. 

Surface  soil 

1-33 

1'33 

30tb  Oct.  1878. 

1 

Sand  mixed  with  yellowish  clay 

O' 75 

2-08 

2'80  M.,  waterl-evel  of 

suiTonnding  wells. 

Clay  mixed  with  clear  grey  sand 

0-35 

2-93 

3'60  M.,  mean  sea-level. 

A 

3) 

Argillaceous  sand,  clear  gi-ey 

1-40 

4-33 

4\ 

Coarse  sand,  bluish,  containing  small 

0-30 

4-63 

pebbles. 

5 

Sand,  clear  grey,  fine,  and  very  fluid  ... 

1-37 

6-00  ' 

6 

Coarse  sand,  bluish,  small  pebbles 

0-15 

f>'15 

7 

Coarse  sand,  bright  grey  ... 

0-25 

6'40 

8 

Coarse  sand,  bluish,  containing  small 

0-30 

6-70 

!  Bj 

pebbles. 

9 

Coarse  sand,  bluish,  small  pebbles,  debris 

0-35 

7'05 

of  ‘  charcoaV  and  decayed  wood. 

10 

Coarse  sand,  bluish,  galls  of  black  plastic 

0-35 

7-40 

clay,  and  decayed  wood. 

11 

Sand,  very  fine,  bluish 

0-15 

7*55 

12 

Coarse  sand,  blackish,  mixed  with  black 

0-60 

8-15 

/ 

plastic  clnv. 

.\t  10'24  M.,  first  rise 

of  water-level. 

13 

C 

Black  clay  and  fine  sand  ... 

2-59 

10-74 

!  7tli  Jnh’  1870,  No.  l  lOfi.  See  Appendix  1. 
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Aih 

1  OQ 

1  T3 

1 

1 

^  £ 

o  •— 

&,« 

1 

1  S  ^ 

v: 

e-S 

es «« 

1 

$  s 

-  o 

1  .E:'  ^ 

1  c 

1  P 

Kemakks. 

C  S 

1  = 

— « 

o  - 

^  9 

H 

j 

1 

14.  \ 

Fine  sand  and  black  slushy  clay  ... 

0-88 

1102 

laC 

1) 

Coarse  Sand  with  a  little  clay,  small 

0-40 

1202 

pebbles^ 

1 

E 

Fine  sand,  decayed  wood,  no  clay 

1-58 

13-60 

17  J 

Fine  pure  saiul  ... 

2-20 

15-80 

18'- 

r 

Black  compact  clay,  witli  vegetable 

5-40 

21-20 

detritus. 

' 

19 

Black  clay  mixed  with  tine  and  medium 

2’90 

24-10 

!■ 

F 

sand. 

20 

Black  clay  mixed  with  sand  and  pebbles 

0-20 

24-30 

21. 

L 

Black  clay  mixed  with  medium  sand  .. 

2’80 

27-10 

22 

r 

Fine  sand  soiled  with  clay 

0'20 

27-30 

23 

Fine  grey'sand  ... 

110 

28-40 

24 

G 

Hard  black  clay  mixed  with  very  fine 

0-15 

28-55 

sand. 

25, 

L 

Medium  sand,  greyish 

2-15 

30-70 

26' 

- 

Sandy  black  clay 

0-15 

30-85 

27 

Fine  grey  sand ... 

0-55 

31-40 

28 

■ 

Sandy  black  clay 

1-20 

32-60 

29 

Fine  sand  mixed  with  black  clay 

0-40 

33-00 

30 

L 

Fine  sand  with  clots  of  sandy  clay 

0-30 

33-30 

sn 

Compact  black  clay  mi.xod  with  very  fine 

6-70 

40  00 

sand  and  some  small  granules  of  grey 
limestone. 

32 

Plastic  black  clay  with  a  few  fragments 

4-00 

44-00 

of  shells. 

33 

Compact  black  clay  mixed  with  very 

0-75 

44-75 

fine  sands. 

34^ 

W 

Black  clay  mi.xcd  with  medium  sand  ... 

3-30 

48-05 

35' 

J  ' 

Fine  sand,  dull,  earthy  and  clayey 

1'35 

49-40 

36^ 

Fine  sand,  less  dull,  earthy  and  clayey... 

5-30 

54-70 

At  56-50  M.,  1st  gush. 

F 
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Table  3. — T^e  Boring  in  the  Jarditi  d’ Acclimatali on — confcl. 


Z't 

«S  Q 

cc 

c 

C.S5 

Arbilrarj'  group¬ 
ing  of  Mr.  King. 

Beds. 

Thickness  of  beds 

in  meters. 

Prog:ressive  thick-  j 

ness  in  meters.  ' 

37' 

r 

Coarse  sand,  clii3'0j',  contaiiiiiig  pebbles, 
morsels  of  conglomerate  and  debris 
of  ferruginous  grit. 

2'00 

56-70 

38 

i- 

K  •! 

Coarse  saiid,  pure,  containing  small 
pebbles,  conglomerates  and  ferrugin¬ 
ous  grit. 

2-50 

59  20 

39 

J 

Coarse  sand,  bluisb,  containing  small 
pebbles,  very  white  clay  and  ferrugin¬ 
ous  grit. 

■0-90 

6010 

40‘1 

1 

r 

White  sandy  chiy  ,,, 

0-15 

60-25 

41  i 

i 

J 

1 

I 

1 

1 

Wbito  sand,  with  small  pebbles,  frag- 
1  nionts  of  wbite  clay  and  ferruginous 
[  grit. 

5-79 

66-04 

421 

f 

1  Greyish  sand,  small  pebbles,  friable 
white  grit  and  quartzose  agglomerate 
with  iron  pyrites. 

0  56 

66-00 

43 

Hlachisb  sand,  friable  wbito  grits,  and 
the  pyritouB  quartzose  agglomerate 

0*80 

67-40 

44 

1  M, 

Grey  sand,  and  the  same  ferruginous 
rock. 

0-50 

67-90 

45 

Greyish  stind,  small  pebbles,  the  pyrit- 
ous  agglomerate  and  decayeil  wood. 

0-70 

68-60 

46 

Grey  sand,  gravel,  pyi-itous  agglome¬ 
rate,  ferruginous  grit. 

0-50 

69-10 

47 

J 

Grey  sand,  gr.avel,  small  pebbles,  decayed 
wood,  fragments  of  white  and  gi-ey 
clay,  and  the  pyritous  agglomerate. 

2-40 

71-50 

48) 

( 

Grey  sand,  very  fine  and  pure 

0-90 

72-40 

491 

N  5 

Fine  black-grey  sand,  fragments  of  de¬ 
cayed  wood  and  vegetable  detritus. 

1-20 

73*60 

50  \ 

r 

1 

1 

Medium  sand,  gravel,  small  pebbles,  de¬ 
cayed  wood,  and  pyrites. 

4-20 

i 

77-80 

51  I 

j 

■ 

0. 

Medium  greyish  sand,  clots  of  clay, 
gravel,  small  pebbles,  decayed  wood, 
and  pyrites. 

0-60 

78-40 

52 J 

1  ^ 

1 

M  edium  gi’ey  Siind,  gi’avel,  decayed  wood, 
small  pebbles,  and  pyrites. 

1-12  1 

79-52 

Remarks. 


At  68'85  M,,  2u(l  gu&b. 


At  73-60  M.,  3ra  gusb. 


At  79*34  M.,  4th  gush, 
13th  Feb.  1879. 


PART 
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ClavoT  autl  saiuiv  tentative  grouping  of  the  beds  gives  the  following 

ifrroupilig  of  the  boiis.  succession  : — 


Feet. 

Feet. 

Siiperncial  soil 

4-33 

4-33 

A. — Clavov  . 

9  S4 

14-17 

B. — Alternating  coarse  sands  ........ 

12-52 

26-79 

C. — Black  clac  and  dne  sand  ......... 

S'S2 

35  61 

D.*  Clavee  sands  ........... 

419 

3980 

E. — Sands  withont  anv  clav  ......... 

1239 

52-19 

F. — Black  clavs.  sometimes  sandv  ....... 

3706 

S9-25 

G. — Alternating  sands  and  clavs  ........ 

IISO 

101  05 

H. — .Alternating  sandv  clavs  and  sands  ....... 

S'52 

109-57 

I. — Thick  beds  of  black  clav  ......... 

15795 

J. — Fine  earthv  and  clavev  sands  ........ 

2181 

179-76 

K  - — Beds  of  coarse  saud  witL  some  ferrugiuous  mattor  .  .  .  , 

1771 

197-47 

L. — TT'kite  sands,  clavev  and  conglomeratic  ...... 

19'4S 

216-95 

AI.—  Sands  with  seams  of  ferrnginons  grit  ...... 

17-90 

234-85 

if. — Fine  sands  ........... 

6SS 

241-73 

0. — Sands,  gravelly  and  ferruginous  ....... 

19-41 

261-14 

On  comparing  this  succession  with  that  of  the  Savana  well,  there  does  not 
appear  to  Ije  very  much  in  common  at  first  sight,  except 
SavaMgTOTpiiJ'*^  ^  same  depth  in  each,  there  is  then  the 

same  number  of  groups.  This,  however,  goes  for  nothing'  j 
but  on  looking  at  the  groups  of  beds  there  does  appear  to  be  some  faint  connexion. 
In  the  Savana  section,  there  are  four  distinct  seams  of  clay,  viz.,  B,  D,  F,  and 
H,  while  in  this  section  there  are  only  F  and  I.  B,  in  the  first,  is  of  about  the 
same  thickness  as  the  upper  clay  in  the  Garden  section,  which  is,  however,  at  a 
depth  of  o2T9  feet.  A  very  slight  dip  to  the  eastward,  which  is  not  an  unlikely 
supposition,  would  allow  of  these  being  the  same  bed.  The  clay  scam,  I,  in  the 
Garden  well  is  48’38  feet  in  thickness  ;  but  its  upper  surface  is  very  nearly  at 
the  same  depth  below  F  as  D  in  the  Savana  well  is  below  B.  There  the  corre¬ 
lation  would  seem  to  cease,  for  we  can  hardly  suppose  the  19'68  feet  seam  (D)  of 
the  Savana  to  have  thickened  out  so  tremendously.  Xo  other  decided  clay  seams 
are  found  in  the  Garden  boring,  as  if  F  and  H  in  the  Savans  might  also  have 
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ran  to  the  clepp.  It  seems  more  likely  that  D,  F,  and  H  in  the  Savana  may 
tare  run  into  I  in  the  Gardens. 

Five  rising  sheets  of  water  were  tapped  in  the  Garden  well.  The  first  rise 
^  took  place  in  C,  hut  at  a  point  (^'^'de  Table  3)  which  seems 

water  sheets.  indicate  that  the  black  clay  and  the  fine  sand  are  sepa¬ 

rate  layers. 

During  the  whole  time  the  boring  was  going  on  through  the  groups  D,  E,  F, 

A  steady  rise  through-  ^  appears  to  have  been  a  steady  rise  of 

out  two  thick  hands  of  water  until  the  1st  girsh  was  reached,  even  with  the 
intervening  (ordinarily  impermeable)  37  feet  of  black 
clays  of  F,  and  the  48J  feet  of  thick  black  clays  of  I.  It  is  very  difficult  to  account 
for  this  apparent  permeability  of  such  beds,  even  though  the  boring  was  carried 
on  at  an  average  rate  of  more  than  3  feet  a  day.  It  may  have  been  that  the 
partings  betu'cen  the  separate  beds  of  clay  in  each  group  allowed  of  water 
percolating  from  thinned  out  beds  of  sand  :  indeed  if  my  correlation  of  the 
lower  group  of  clay  beds  with  the  separated  clay  beds  in  the  Savana  section 
be  right,  then  the  intermediate  sand  beds  of  the  latter  section  would  thin  out 
between  the  thickening  clays  of  the  F  group  in  this  boring.  This  closing  up 
of  the  water  sheets  also  accounts  for  there  being  no  such  rises  of  water  level  as 
those  which  W'cre  experienced  in  the  Savana  boring  until  the  gi’oup  H  was 
passed. 

The  1st  gush  of  water  (in  the  Garden)  took  place  in  the  group  K  at  185-32 
Tlie  Igt  gush  takes  feet,  apparently  from  the  freer  coarse  sands  in  the  seam, 

place  below  the  second  On  the  boring  being  continued  the  water  fell  at  last  below 

seam  of  clays.  ground  level,  in  the  white  sands  of  L,  and  so  it 

remained  until  the  sands  of  the  middle  of  M  were  i-eached,  wffien  there  was  a 
2nd  gush,  which,  however,  fell  to  12  inches  below  surface  in  the  same  beds. 
A  3rd  gush  took  place  in  the  fine  sands  of  N,  but  this  water  soon  fell  to  level 
of  ground.  At  last  in  the  ferruginous  bods  of  O,  the  4th  and  pennanent  gush 
was  reached. 

Here  there  is  little  apparent  corre.spondence  betw-een  the  behaviour  of  the 

,  ,  springs  and  those  of  the  Savana  well :  and  certainly  the 

The  subsequent  gushes  •  j.  ^  ,  .  * 

very  like  those  in  the  intermittent  action  ot  the  present  water-layers  is  extra- 

lower  permeable  seam  at  ordinary,  especially  in  the  occurrence  of  the  4th  gush, 

Savana.  wdiich,  it  is  to  be  remarked,  is  from  bed  No.  62  of  the 

Table  (3),  which  bed  does  not  appear  to  differ  from  50  or  51  except  in  the 
absence  of  small  clots  of  clay.  It  may  bo  that  these  clots  of  clay  are  so  matted 
together  as  to  have  formed  a  temporary  inipernioahlo  layer.  They  are  present  in 
the  bottom  layers  of  N,  from  under  which  the  8rd  gush  arose,  while  the  1st  gush 
came  from  slightly  claj-ey  hods.  It  seems  to  me  that  it  can  hardly  be  said  that 
these  gnshes,  vi%.,  the  1st  2nd,  3rd,  and  4th,  are  really  from  different  water 
sheets ;  hnt  rather  that  they,  like  the  lower  ones  in  the  Savana  well,  are  from 
an  irregularly  permeated  thickne.s.s  of  sands  and  some  clays  which  required  time 
for  free  circulation  to  he  brought  about.  Thus,  I  would  suggest  that  both  the 
Savana  and  the  Garden  well  do  after  all  gather  their  waters  from  the  same 
group  of  sandstones. 
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A  fourth  boring, 


In  progress. 


Position. 


in  the  Ville  N’oire,  is  still  in  operation,  but  as  j'et  there  is 
no  definite  information  as  to  a  .satisfactory  sheet  of 
rising  water  having  been  tapped. 

The  locality  has  been  chosen  on  comparatively  high  ground  ;  but,  from  tho 
section,  1  fear  it  is  altogether  too  near  the  Red  Hills  to 
gi^•e  much  hope  of  a  suffieient  supply  of  water  being  found 
in  the  proper  alluvial  deposits,  though  the  news  of  a  rising  sheet  of  water  i.s 
hopeful.  The  boring  is  abovrt  800  or  900  yards  from  the  sea,  and  nearly  1.250 
yards  north  of  the  parallel  of  tho  Savana  well ;  it  is  also  about  350  yards  south 
of  a  largo  back-watei'  immediately  north  of  the  city. 

The  inner  diameter  of  the  tube  is  8'4  inches,  but  now  that  a  depth  of  550 
feet  has  been  reached,  it  is  proposed  to  insert  a  second 
tube  of  G’4  inches  in  diameter. 

The  following  sectional  table  (4)  is  translated  from  a  copy  of  the  books  kept 
The  boring  section  so  ^t  the  boring,  and  1  have  in  it  again — though  there  is  hero 
far.  no  such  very  decided  grouping  of  the  arenaceous  and 

clayey  strata  as  in  the  southern  wells — attempted  a  classification  of  the  bods  ; — 

Table  4. —  The  Ville  Noire  Boring. 


No.  of  bed  accord-  i 
inf?  to  official 
diary. 

X  tiC 

Beds. 

O 

c  . 

i?  S 
<a  ir 

s 

o  ^ 

2  c 
H"" 

j  Profrressive  thick-i 

j  iiess  in  metres. 

Remarks. 

Matabal  Eaktji. 

0-50 

0-50 

1 

... 

Filio  pure  sand,  Yellowish  ... 

1-00 

1-50 

2 

^  ( 

Medium  sand,  clean,  reddish 

0-40 

1-90 

3 

I  \ 

Fine  clean  sand,  grey 

3'50 

5'40 

4 

V  A-< 

Fine  grey  earthy  sand 

1-70 

7-10 

5 

Fine  bluish  earthy  sand 

3-60 

10-70 

6 

)  ( 

Blackish  sand,  dirtv,  slimv,  massive  shells 

3-34 

140t 

Repre.sontcd  in  bod  4  of 

and  Crustacea,  small  pohl)le.s,  grey  grit 

Savaiiii  boring  and  per- 

very  hard. 

baps  by  9  and  10  in  the 

Garden  well. 

7 

V  / 

Black  clay,  ?  in  laminae,  mixed  with 

2*27 

16-31 

1  ( 

sand,  shells,  erustaceu,  small  gravel, 

1  \ 

and  decayed  wood. 

8 

I 

Black  plastic  clay,  containing  decayed 

4-49 

20-80 

1  j 

wood. 

9 

j  ( 

Compact  black  clay,  mixed  with  very 

4-29 

25-09 

fine  micaceous  sand,  and  some  small 

calcareous  granules. 

No.  of  bed  accord  - ' 
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Table  4. — The  Ville  Noire  Boring — continued. 


Buds. 

Thickness  of  beds 
in  metres. 

1  Progressive  thick* 

!  ness  in  metres. 

Kbma^kks. 

Greyisb  clay,  mixed  with  very  fine  sand 

1-60 

26-69 

Medium  sand,  soiled  with  black  clay  ... 

1-25 

27-94 

Medium  sand,  tine  and  clear  grey 

0-47 

28-41 

Coarse  dirty -grey  sand,  containing  small 
pebbles. 

4-01 

32-42 

Black  plastic  clay 

415 

36-57 

Fine  black  clayey  sand 

0-40 

36-97 

Clay  mni’blod  witli  reddish  aiid^  bluish 
tints,  coarse  sand  and  pebbles. 

6-92 

43-89 

Pale  yellow  medium  sand,  soiled  with 
clay. 

2'00 

45-89 

Dirty -grey  coarse  sand  mixed  with  peb¬ 
bles. 

0-80 

46-69 

Coarse  sand  soiled  with  clear  yellowish 
clay,  mixed  with  small  pebbles  of  grit 
and  ferruginous  conglomerates. 

1-60 

48-29 

Coarse  sand  soiled  with  reddish  clay,  fer¬ 
ruginous  pebbly  grit  and  small  pebbles. 

0-80 

49  09 

Blueish  white  plastic  clay,  mixed  with 
red  sand  and  some  pebbles. 

1-20 

50-29 

Pale-yellow  sand,  gravel  and  pebbles  ... 

0’4.0 

50-69 

Sand  soiled  with  reddish  clay  and  mixed 
with  pebbles. 

0-45 

51-14 

Keddish  yellow  sand,  small  white  and 
red  clay-galls,  grit  and  pebbles. 

9-14 

60-28 

Yellow-brown  medium  sand  ... 

1-60 

61-88 

Laminso  of  colored  clay  and  pebbles  ... 

0'86 

62-74 

Grey  black  clay  with  some  gravel 

0-29 

63-03 

Plastic  clay,  ribboned  black,  yellow',  red 
and  grey. 

0-30 

63-33 

Plastic  black  clay  and  a  little  sand 

0-20 

63-53 

Coarse  purple  argillaceous  sand,  with 
patches  of  colored  clay. 

1-00 

i 

64-53 
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Table  4. — Tie  Tille  ^oire  S  ring — continued. 


i?  ; 

li 

•TI  ' 

51” 

?s 

BiP5, 

II 

C  = 

2 

<  — 

1' 

n  * 

?  s 

31 

r  i 

Acs’lcaaeratioo  of  T^oviable  detrinxs, 
compact  lignit-e  aod  i*C‘TDe  graius  of 
fo=5.il  reaa. 

(>91 

rio'4-4 

32  ; 

1 

33  j 

.  1 

!  1 

R4eddi5ii  clarer  saad.  patches  of  ccdored 
clay,  ferrc^Doas  grit  and  iron  pyrites. 

Blood-red  saad,  fermeiGOUs  ^rit,  pyritous 
and  pebbly. 

1*65 

i-cs 

674>9 

SS14 

These  p^yntons  beds  seem 
to  be  rejw^ntod  at 
abont  the  same  depths 
in  the  Garden  well, 
down  to  79’52  meters. 

34 

i 

Medium  sami  soiled  sritb  reddish  clav  ... 

Cr94 

69-OS 

35 

. 

Oear  red  sand  and  small  pebbles 

1-61 

70-69 

36 

' 

Red  earthy  saxid,  small  pebbles 

2-40 

73C'9 

37 

( 

< 

Clear  yellow  argillaceous  saad,  grarel 
and  milky-white  pebbles. 

1-35 

74-04 

3S 

Clear  red  sand,  graTel  and  fermaiaons 
grit. 

2-43 

76-S7 

39 

Grey  black  argillaceous  sand,  small  peb¬ 
bles  and  iron  pyrites. 

020 

77-07 

40 

i  . 

Clear  red  sand,  small  j>^bles,  and  patches 
of  clay  at  the  bottom. 

5'64 

S2-71 

41 

Coarse  arer  sand,  vrith  small  pebbles  . . 

O-AS 

S3-19 

42 

1 

Pure  canary-colored  sand,  small  white 
piebbles  and  ferruginous  grit. 

1-S9 

So-OS 

43  , 

j 

Goklen  yellow  argillaceous  sand  and  small 
white  pebbles. 

2S1 

S7-S9 

44 

Yelicwish  argiilaceous  sand,  col<»ed  sandy 
clay-galls  and  ferrugin«>ns  grit. 

1-60 

5S-49 

45  . 

i 

Dirty  reddish  coarse  sand,  pebbles,  ferru¬ 
ginous  grit,  and  patches  of  colored  clay. 

0-40 

89- 59 

46  i 

Tellow-rtd  saod  and  colored  sandT  clay 

2-26 

92-15 

47  ' 

1 

Fine  yello*r-rcd  argillaceons  sand  with 
patches  or  hminse  of  colored  clay. 

237 

94'52 

46  : 

Dirty-yellow  medium  argillaceons  sand, 
ferruginous  grit  and  grareL 

2-ij6 

96‘55 

49 

i 

'  j 

Dirty -grey  sand,  clots  of  bluish  sandy 
clay  with  vegetable  matter. 

0-11 

96-69 

50 

1 

J  1 

,  Ashy  blue  plastic  clay 

0-15 

96-84 
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Rihle  4. — The  Tille  Noire  Boring — 

continued. 

No.  of  bed  aocord- 
to  official 
diary. 

Arbitrary  group¬ 
ing  of  Mr,  King.| 

Beds. 

i 

Thickness  of  beds 

iu  metres. 

Progressive  thiok- 
nesB  iu  metres. 

1 

: 

Remarks.  i 

: 

- 

51 

Grey  sand  with  clots  of  colored  clay  . . . 

0-22 

97-06 

52 

Fine  variegated  argillaceous  sand 

0-73 

97-79 

.- 

63 

Yellow  sand  with  clots  of  variegated  clav, 

0-33 

98-12 

: 

1  1 

small  pebbles. 

54 

[ 

Clear-red  sand  soiled  with  clay 

1'75 

99-87 

I 

55 

Yellowish  sand  and  sandy  clay,  small 

119 

10!-06 

pebbles. 

56 

Coarse  yellow  sand,  soiled  with  clay  . . . 

2-53 

103-59 

57 

) 

Ashy  grey  sand 

0'81 

104-40 

•d 

58 

\  r 

t 

Ashy  blue  sandy  clay 

049 

104-89 

59 

1  1 

!-H<! 

j  1 

Vai’iegatcd  sandy  clay 

O'oO 

105-39 

60 

1  ! 

J  1 

Grey  sandy  clay 

3-06 

108-45 

61 

1  r 

Fine  yellowish  argillaceous  sand,  gravel 

6-64 

115-09 

and  fen'uginous  patches. 

62 

Clear  purple  argillaceotis  sand 

I'OO 

116-09 

1 

63 

Yellow  sand  soiled  with  clay,  small  peb- 

6-89 

122-98 

bios  and  ferruginous  grit. 

64 

Reddish  sand  soiled  with  clay,  small]pebbles 

0-43 

123-41 

65 

^  I  i 

■yellondsh  sand  soiled  with  clay 

GO 

125-19 

66 

Reddish-grey  sand  soiled  with  clay 

1-57 

126-76 

67 

Yellow  sand  soiled  with  clay,  slabs  (‘pla- 

5'45 

132-21 

quettes  ’)  of  ferruginous  grit. 

68 

Fine  sand,  clots  of  black  clay  mixed  with 

0-92 

133-13 

vegetable  detritus. 

69 

J  1 

Yellow  sand,  with  slabs  or  patches  of 

2-98 

136-11 

colored  clay. 

70 

\  / 

Fine  blnish-ivhite  sand  with  slabs  of 

1-17 

137-28 

j  1 

iron  pyrites. 

71 

Medium  grey  sand 

1-80 

139-08 

; 

72 

t  Medium  grey-black  sand  with  slabs*  of 

2-08 

141-16 

*  These  slabs  are  com- 

\  i 

iron  pyrites. 

!  posed  of  white  quartz 

\  f 

grains  and  iron  pyrites ; 

73 

/  \ 

Agglomerate  of  vegetable  detritus  mixed 

0-25 

141-41 

tolerably  hard  and  com- 

with  very  fine  black  sand. 

pact. 
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sa 


74 


75 

76 

77 

78 

79 

80 
81 


Bees. 

Thickness  of  beds 

in  metres. 

Coarse  black  argillaceous  sand  with  iron 

0  99 

pyrites. 

Ashy  blue  clay  and  vegetable  matter  ... 

3-13 

Foliated  ashy  blue  clay  ...  ,,, 

0-10 

Medium  grey-black  s.md  ... 

1-37 

Ashy  blue  clay,  vegetable  detritus,  and 

0-10 

very  fine  sand. 

Black  sand  soiled  with  clay,  small  gravel 

I'OO 

and  vegetable  matter. 

Dirty  black-grey  sand,  small  pebbles  ... 

1-96 

Yellow  sand,  ferruginous  grit  and  con- 

0-90 

glomerates. 

Grey  sand  soiled  with  clay,  small  peb- 

0-60 

hies. 

l| 

«  s 

_>  3 

« .2 
a. 


142-40 


IlEMARKa. 


145-53 

145-63 

147-00 

147- 10 

148- 10 

150-06 

150-96 


151-56 

164-60  W.ater  Is  rising  from  this 
depth,  and  tlowiiig  otit 
at  2-96  feet  below  the 
surface  level,  with  a 
discharge  of  13-21  gal¬ 
lons  a  minute. 


Tentative  groujnng. 


Feet, 

Feet. 

Katural  earth  .  . . .  • 

1-64 

1-64 

A.— Sands . .  . 

44-41 

46-05 

B. — Thick  beds  of  clay . 

45-59 

91-64 

C. — Sands,  with  scams  of  pebbles . 

14-69 

106-33 

D. — Clays  and  clayey  sands  . . 

44-18 

150-51 

E. — Varied  bods  of  sand,  pebbly,  conglomeratic,  and  clayey 

62- -44 

202-95 

F. — Clays  and  clayey  sands . 

8-69 

211-64 

G. — Mixed  beds  of  sand,  clays,  and  gravels . 

130-77 

342-41 

H. — Sandy  clays . . 

13-28 

355-69 

I. — Sands,  somewhat  clayey  and  ferruginous  .  ... 

90-72 

446-41 

J. — Mixed  sands,  clays,  and  sandy  or  argillaceous  beds,  with  some 

pyritous  sands,  and  seams  of  vegetable  remains  .... 

39-32 

485-73 

K. — Sands  -with  pebbles  and  conglomerates . 

11-34 

497-07 

G 
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All  these  beds  are  still  essentially  loose  and  incoherent,  with  the  exception  of 

the  occasional  bands  or  slabs  (‘‘ plaquettes’’)  of  ferruginous 

Still  in  allu-iicildeposit...  .  and  SO  belong  to  the  proper  alluvial  deposits.  It  is 

true  that  they  are  becoming  feiTuginoiis  and  of  yellow  and  red  colors,  and  are  thus 
somewhat  like  bods  of  the  Tertiary  “  Cnddalore  sandstones”  of  the  Red  Hills 
plateau  to  the  north-westward,  but  they  are  merely  the  debris  of  these  sand¬ 
stones,  the  same  kind  of  accumulations  occurring  along  the  edge  of  the  rise  up  to 
the  Red  Hills  as  near  the  village  of  Mootuapallem.  It  may  then  be  that  the 
auger  is  nearing  the  Tertiary  beds,  but  I  do  not  think  it  is  yet  in  them  : 
certainly  it  was  not  in  them  w’hen  I  was  at  Pondicherry,  and  then  the  sludge 
pump  was  bringing  up  stuff  from  600  feet  deep. 

In  compai'ing  this  section  with  those  of  Savana  and  the  gardens,  it  would 
seem  as  though  we  still  had  the  two  broad  series  of  clays, 
otlS'^boitiigs  **  though  they  are  hardly  so  sharply  defined  and  compact. 

The  presence  of  shelly  and  crustacean  remains  in  the 
Savana  and  this  section  is  peihaps  the  safest  ground  to  go  on  for  a  comparison, 
and  these  are  in  the  upper  parts  of  the  uppermost  clay  bands.  Sirch  remains 
were  not  noted  in  the  garden  boring,  but  it  may  be  that  the  clay  with  vegetable 
detritus  at  69  feet  answers  to  it.  However,  if  those  clay  bands  are  the 
same,  it  is  difficult  to  account  for  no  gush  or  even  rise  in  the  Black  Towm 
well  so  far. 

If  the  seams  of  clayey  and  sandy  layers,  down  to  below  the  second  band  of  clay, 
be  the  same,  then  some  explanation  may  bo  given  for  the 
An  attempt  to  e.xplam  non-rise  of  water  in  this  boring.  Prom  the  Savana  well 
to  the  Ville  Noire  section,  there  is  a  A'ery  slight  dip  to  the 
northward  of  the  impermeable  bands,  along  which  sufficient  friction  may  be 
developed  to  stop  a  rise.  Again,  the  Ville  Noire  clay  seams  dip  to  the  garden 
well  at  a  quicker  angle  :  so  that  really,  though  the  supposed  head  of  water  would 
allow  of  all  the  seams  being  evenly  filled  up  with  w'ater,  it  may  be  that  the  flow 
to  the  dip  is  stronger  than  the  tendency  to  rise  in  the  Black  Town  well. 

This  would  open  up  the  question,  whether  the  discharge  at  the  Savana  and 
Doubt  as  to  nn  uu-  gardens  may  not  be-  sufficient  to  operate  against 

limited  supply  of  water  the  tendency  to  rise  in  the  Ville  Noire;  and  again,  who- 
intbe  Pondicherry  seams. 

-supply  of  these  wells  is  so  great  as  the 
implied  storage  from  the  two  rivers  and  the  wide  alluvial  basin  in  the  neighbour¬ 
hood  of  Pondicherry. 

Summary  op  Data  and  Conclusions. 

The  data  thus  obtained  regarding  the  flow  of  water,  the  water  itself,  the 
strata  passed  through,  and  the  position  of  the  wells,  and  the  conclusions  and 
conjectures  which  I  have  been  able  to  draw  from  them,  may  now  be  summarized 
as  follows  : — 

There  has  been  a  continuous  discharge  from  each  of  the  wells  for  one  year  at 
least,  and  one  of  them  has  been  flowing  for  two  years  and  six 

Tbe  flow  and  gusb  of  months.  The  hydrostatic  level  gradually  increased,  within 

a  short  time,  up  to  a  certain  point  and  has  remainecl  so 
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•wifcliout  any  sensible  diminution  up  to  tbe  present  time.  The  dischai’ge  also 
gradually  obtained  its  present  rate,  and  there  has  been  no  .sensible  decrease. 

The  gush  must  then  be  due  to  hydrostatic  pressure,  and  the  wells  must 
The  wells  artesian  considered,  as  was  always  contended  for  by  Mr.  Poulain, 

as  properly  artesian. 

The  water  is  generally  of  the  same  quality  and  constitution  in  each  well ;  if 
anything,  that  of  the  Oopallem  well  is  brighter,  clearer, 
alHhe  wells  It  contains  the  same  vegetable 


germs. 

The  boi’ings  are  all  in  the  alluvial  deposits ;  but  one  of  them  (that  of  the 

.  Ville  ISoirc)  is  near  the  bottom  of  these.  There  is  a 

the  bands  ot  perme-  ,  . 

able  and  impermeable  certain  relation  between  the  beds  pierced  in  each  bore- 
strata  appear  to  be  tbe  hole,  which  leads  to  the  conclusion  that  groups  of  them 
are  continuous  over  the  area  tapped.  The  upper  clay  seam 
or  band  certainly  appears  to  be  the  same  in  all ;  it  is  very  nearly  the  same  thick¬ 
ness  throughout,  and  it  is  the  estuarine  set  of  beds  usually  found  at  such  a  depth 
on  the  Coromandel.  The  second  clay  seam  is  not  so  clearly  represented  in  each 
section ;  but  there  are  strong  points  of  similarity.  A  peculiar  pyritous  set  of 
beds  associated  “with  seams  of  vegetable  debris  occurs  once  in  the  garden  well 
and  twice  in  the  boring  at  the  Villo  Nome,  and  that  in  the  former  appears  to 
correspond  to  the  upper  one  in  the  latter. 

The  Savana,  Garden,  and  Oopallem  wells  are  nearly  in  a  line  ranging,  from 
the  first,  in  an  oast-south-east  line  for  about  470  yards  to 

The  strata  have  a^shght  garden,  and  then  sonth-east-by-south  for  about  770 

dip  to  the  eastward.  a  ’ 

yards  to  Oopallem,  that  is,  tolerably  in  the  line  of  dip 

which  the  strata  might  be  supposed  to  have  in  this  locality. 

In  the  Savana  and  Garden  wells,  the  upper  clay  seam  has  a  dip  of  2®  to  3*^  to 
the  eastward,  and  from  this  lino  it  rises  slightly  to  the  Ville  Noire  section.  Very 
nearly  at  the  same  depth  below  the  upper  clay  band  comes  the  second  seam,  but 
it  has  a  flatter  lie  ;  indeed,  it  wmuld  aiJpear  to  be  almost  horizontal  in  the  tri¬ 
angular  area  formed  by  the  Savana,  Garden,  and  Ville  Noire  points. 

A  rise  of  wmter  took  place  in  the  Gardens  from  the  sandy  beds  above  the 
Conjecture  as  to  the  upper  clay  seam,  w^hich  seems  to  indicate  that  its  head 

“head’  of  the  1st  rise  of  be  at  no  great  distance  from  Pondicherry, 

water ;  aud  the  Oopallem  •'  °  ,  _  ,  ■ 

sPeet.  Water  gushed  in  this  and  the  Savana  borings  from  the 

permeable  band  below  the  upper  clays ;  but  the  flow  did  not  give  promise  of 

permanency.  I  think,  however,  the  Oopallem  water  rises  from  the  arenaceous 

band  between  the  two  main  clay  seams. 

In  both  the  Savana  and  Garden  wells  the  jet  now  obtained  began  at  different 
levels  in  the  arenaceous  strata  below  the  second  clay  seam.  It  is  questionable 
whether  these  rise  from  separate  sheets. 

If  the  upper  clay  seam  preserves  its  dip  and  is  continued  to  the  w^estward. 
Conjectures  as  to  the  it  might  crop  up  to  the  surface  at  two  miles  back,  or  in 
lie  of  the  strata.  the  bed  of  the  Ariancu))  or  Gingee  river  at  only  a  few 

miles  west  of  Pondicherry.  It  is  also  possible  that  the  lower  seam  might  crop 
up  within  six  miles  west  of  the  new  vents.  On  this  it  is  conjecturable  that  the 
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Oopallem  well  may  draw  its  waters  from  a  source  witliin  six  miles  of  Pondi- 
clierry. 

The  PoNDicniRBY-CcDDALOBM  Alluvial  Basix. 

The  wells  are  then  all  in  the  alluvial  deposits ;  indeed,  as  will  ho  seen  later  on, 
it  was  not  to  he  expected  that  any  hut  very  deep  borings  could  reach  the  older 
rocks,  which  by  their  lie  might  he  presumed  to  hold  water  with  a  head ;  it  there¬ 
fore  becomes  necessary  to  enquire  into  the  condition  of  these  deposits  in  this 
region  which  give  this  hj'drostatic  level  to  their  waters  at  the  sea-board. 

Mr.  Poulain  is,  I  think,  firmly  convinced  that  the  head  of  water  is  gained  on 
Mr.  Poukin’s  views  on  distant  western  edge  of  the  alluvial  plain  behind 

tlic  source  and  Lead  of  Pondicherry  from  the  Pennar  and  Gingee  rivers,  his 
water. 


rguments  being  fully  given  in  his  series  of  papers' 


read 

before  the  Artesian  Wells  Commission.  The  facts  relied  on  are  the  hydrostatic 
level,  much  diminished,  however,  by  friction  in  the  distance  traversed  by  the 
water ;  the  immediate  growth  in  it,  after  discharge,  of  vegetable  matter  similar  to 
that  seen  in  the  riv'er  mentioned ;  and  an  apparent  rise  of  the  hydrostatic  level  in 
accordance  with  an  observed  rise  in  the  riv^ers.  The  endurance  of  the  flow  is 
again  very  suggestive  of  a  constant  and  large  supply  of  water,  such,  indeed,  as 
we  might  think  could  only  be  kept  up  by  two  rivers  of  this  size  and  a  large  basin 
for  its  receiition  and  storage. 

The  correspondonco  between  the  rise  of  the  rivers  and  any  rise  in  the  jets 
requires  more  and  very  careful  observation,  and  Mr. 

Beinaiks  on  these.  Poulain  expressed  himself  to  me  as  not  being  very  sure 
on  this  point.  The  vegetable  matter  is  certainly  similar  to  that  seen  floating 
along  the  river  channels,  but  the  same  growth  may  bo  observed  on  the  surface 
of  most  wells  and  certainly  in  the  channels  leading  from  them.  Little  can  bo 
made  out  of  the  quality  of  the  water,  for  it  must  have  undergone  many  changes 
in  its  passage  through  the  different  beds,  even  if  it  percolated  only  along  one 
series.  I  should  cei'tainly  never  take  it  to  be  water  from  the  higher  levels  of  the 
Gingee  or  Pennar,  for,  outside  of  the  alluvial  area  these  waters  have  travelled 
over  gneiss  which  is  frequently  weathered,  and  over  soda  soils.  To  all  appear¬ 
ance,  it  might  have  come  from  the  great  tank  some  7  or  8  miles  to  the  west  of 
Pondicherry. 

However,  there  is  the  hydrostatic  level  which  requires  a  head,  and  some 
distance  is  required  for  that  in  a  gently  sloping  plain.  Por  the  constant  and  large 
supply  of  water,  so  far,  the  difficulty  is  not  groat,  the  whole  amount  discharged 
from  the  three  wells  in  the  year  being  only  about  160,065,975  gallons,  or  say 
737,000  cubic  yards. 

The  Pondicherry-Cuddalore  allurial  plain  or  bay  may  be  said  to  have  its  head 

at  the  village  of  Allabadi  on  the  Pennar  at  about  27  miles 

The  alluvial  basin.  -jiii  -i 

west  of  the  sea  shore.  From  tins  point,  the  bay  widens 

out  to  the  east-north-east  and  cast-south-east,  the  one  edge  going  away,  without 

much  indentation,  towards  Cuddalore,  which  town  is  situated  on  the  southern 

seaward  arm  or  horn  of  the  plain,  while  the  other  bends  round  in  two  loops  up 

‘  Travaux  des  Commissions  Locales,  rondicherry,  1877. 
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tlie  Gingee  valley  before  it  trends  round  again  with  a  south-east  curve  towards 
Pondicherry.  In  this  way  the  j^lain  widens  out  considerably  for  a  time  until  it 
has  a  breadth  of  some  24  miles,  and  then  it  closes  in  towards  the  sea-coa.st  to  a 
breadth  of  some  12  miles  between  the  low  plateau  headlands  of  the  Hod  Hills  of 
Pondicherry  on  the  north  and  Capper  Hill  near  Cuddalore  to  the  south,  after 
which  it  again  widens  out  to  the  sea  beach  by  the  two  arms  or  horns  already 
mentioned,  only  the  northern  horn  is  flanked  to  the  sea  by  the  Eed  Hills,  which 
drojs  down  in  low  cliffs  to  the  holt  of  sea  sands. 

The  area  of  the  plain  may  be  roughly  stated  at  600  square  miles,  and  the  bound- 
Its  area  <tc  receptive  of  waters  from  the  adjacent  rising 

ground  may  be  taken  as  160  miles  long.  The  drainage 
supply  of  this  basin  is,  however,  tremendously  increased  by  the  two  large  rivers 
flowing  into  it. 

An  estimate  of  the  surface  inclinations  may  be  made  from  a  calculation  by 
Mr.  Carriol,  who  states  that  the  village  of  Villapuram 
(23^  miles  due  west  of  Pondicherry)  is  154'84  feet  above 
mean  sea-level,  which  would  give  a  rise  of  6|  feet  in  the  mile.  Allabadi  at  the 
head  of  the  plain  is  about  12  miles  further  west,  and  at  the  same  rise  would  be 
232  feet  above  the  sea ;  but  as  Villapuram  is  at  the  end  of  a  spur  of  rather 
elevated  ground  between  the  two  rivers,  there  can  hardly  bo  such  a  differeneo 
between  it  and  the  bed  of  the  Penndr  below  the  above  village.  It  will  bo  safer  to 
take  the  level  of  the  river  bed  as  about  the  same  as  that  of  Villapuram :  so  that 
from  its  debouchment  on  the  plain  to  the  coast  thei’o  is  a  fall  of  at  least  4'3G  feet 
in  the  mile. 

The  basin  in  which  the  alluvial  deposits  of  the  plains  are  laid  down  appears 
Form  of  the  hasin  and  gradually  from  its  western  edges,  but  to  deepen 

the  lie  of  its  alluvial  do-  more  suddenly  on  its  north  and  south  edges,  though  it 
again  has  a  shelving  edge  on  the  seaward  side  of  the 
Pondicherry  Red  Hills.  The  borings  themselves  do  not  show  very  much  as  to  the 
thieknoss  of  the  deposits,  though  that  in  the  Ville  Hoire  makes  it  642  feet,  com¬ 
paratively  close  (about  1|  miles)  to  the  Red  Hills.  As  far,  too,  as  these  borings 
go,  there  appears  to  bo  a  tolerably  flat  lie  of  the  beds,  or  at  any  rate  a  very  low 
dip  of  between  2°  and  3°  to  the  eastward. 

The  floor  of  the  basin  is  a  wide  hollow  worn  in  the  gneiss  or  bottom  rock  of 
The  geology  of  the  floor.  country,  its  northern  and  southern  edges  being  of  the 

overlying  cretaceous  and  tertiary  strata  which  were  once 
continuous  over  what  is  now  the  hollow.  The  latter  foiunations  are  dii^ping  at  low 
angles  to  the  eastvs'ard,  and  form  a  slightly  elevated  country  to  the  -westward  of 
Pondicherry  and  Cuddalore  ;  so  that  a  traverse  from  either  of  these  places  passes 
from  the  alluvium  to  the  rising  plateau  hills  of  red  tertiary  sandstones  and 
conglomerates  (Cuddalore  sandstones)  of  the  Red  Hills,  across  these  and  down 
to  a  lowlying  belt  of  cretaceous  rocks,  and  then  on  to  the  further  rising  grounds 
of  the  crj'stallinc  or  floor  rocks.  At  the  Pondicherry  side,  this  order  of  outcrop 
is  not  quite  so  regular ;  here  the  red  sandstones  have  not  been  so  completely 
denuded  to  the  westward,  and  thus  a  patch  (the  well-known  fossil  wood  beds)  of 
these  still  remains  at  Trivucari  lapping  over  the  cretaceous  beds  on  to  the  gneiss. 
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The  stratigraphy  of  the  formations  oklei'  than  the  alluvium  is  thus  so  far 
favorable  for  artesian  borings,  were  the  latter  carried  to  a  sufficient  depth ;  but  it 
is  just  this  depth  and  the  probability  of  having  to  pass  through  the  hard  and 
coarse  grits  and  conglomerates  of  the  Cnddalore  sandstones  which  would  make 
them  impracticable. 

Considerations  on  other  localities  suitable  for  artesian  wells. 

The  wells  are  then  sunk  in  the  northerly  seaward  corner  of  an  extensive  coastal 
alluvial  plain  or  basin,  into  which  flow  two  larg’e  rivers  whose  waters  may  be 
relied  on  in  great  measure  for  keeping  the  permeable  strata  well  tilled,  and  which 
spreads  back  far  enough  from  the  coast  for  its  surface  inclination  to  give  a 
head  to  these  waters.  Such  is  the  broad  and  patent  condition  of  affairs  here; 
hence  in  enquiring  as  to  the  suitability  of  other  parts  of  the  Coromandel  (or 
even  further  inland)  for  artesian  borings,  the  most  evident  requirement  i.s 
that  they  should  have  all  the  capabilities  of  the  Pondicherry- Cnddalore  basin 
to  ensnre  success. 

Nevertheless,  there  are  certain  points  (some  of  them  already  hinted  at) 
Doubts  as  to  tlie  ne-  which  make  me  doubt  whether  the  size  of  this  basin 
ccssity  for  so  large  a  or  the  large  supply  of  water  received  into  it,  or  even 
the  head  attainable  at  the  entrance  of  the  rivers  on  the 
plain,  are  really  necessary  for  the  discharge  and  hydrostatic  level  attained.  It  is 
a  question  with  me  whether,  for  instance,  the  same  hydrostatic  level  could  not 
be  attained  W’itli  a  much  lower  head,  at  a  lesser  distance  from  the  vents  ;  there 
being  no  doubt  that  the  supply  of  water,  obtained  so  far,  is  not  beyond  what 
the  Ariancup  river  could  give  to  ah.sorbent  strata  only  a  few  miles  from  its 
month.  The  irregular  oscillations  of  the  water  rise  in  the  southern  bore  holes  ; 
and  the  failure  of  a  rise  in  the  Ville  Noire  boring  through  all  the  strata  which 
appear  to  correspond  to  those  of  the  fonner  wells  and  for  such  a  depth  seem 
also  to  point  to  a  head  not  far  distant,  and  only  a  moderate  supply  of  water. 

I  find  it  hard  too  to  believe  in  the  implied  gi'eat  extension  of  the  impei'vious 
Beams  or  bands  met  within  the  borings  ;  the  few  outcrops  of  alluvial  strata  which 
I  have  seen  in  high  river  banks  having  generally  given  indications  of  ultimate 
thinning  out  within  comparatively  short  distances,  for  the  most  part  up,  but 
very  often  down,  the  river’s  course.  It  is  again  difficult  for  one  to  conceive 
that  the  borings,  so  very  shallow  in  such  a  wide  plain,  south  of  the  town,  have 
run  down  anjnvhere  near  strata  holding  W’ater  absorbed  in  the  higher  reaches 
of  the  riv'ers  within  the  edge  of  the  basin. 

The  town  of  Cnddalore,  situated  as  it  is  at  the  southern  seaward  corner  of  the 
same  basin,  is,  on  the  face  of  it,  the  most  obvious  place 
to  try  first.  Put  the  city  of  Madras  is  for  many  reasons 
the  more  important  site.  At  the  same  time,  there  would 
appear  to  be  even  better  sites  than  Cnddalore,  on  the  deltas  of  the  Cauvery, 
Pennffi’,  Kistna,  and  Godavari. 

Madras,  though  on  the  edge  of  a  remarkably  long  belt  of  coastal  alluvium, 
Madras  at  first  sight  directly  in  front  of  only  a  small  alluvial  bay  or  plain, 

not  so  favorably  situat-  very  much  smaller  than  that  of  the  Fi'ench  settlement : 

so  that  if  it  were  necessary  to  go  entirely  on  the  charac- 
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ters  of  tlie  latter  area,  there  would  not  be  much  probability  of  success  here. 
Its  alluvial  deposits  are,  however,  not  confined  to  this  bay,  but  are  connected, 
to  the  north-west,  Avith  the  great  flat  of  the  Cortelliar  and  Narnaveram  river 
basins,  the  permeable  beds  of  which  may  trend  down  in  this  dii-ection. 

This  western  plain  is  flanked  to  the  north  and  soutli  rcspectivelj^  by  the 

Us  proper  alluvial  bay  Thomas’  Mount  range  of  high 

small,  but  still  possibly  ground,  whence  it  spreads  outwards  and  seaAvards,  joining 

able  to  supply  water  Cortelliar  alluvium  on  the  one  side  and  stretching 

with  a  head.  in  .  ,  " 

down  the  coast  to  Covelong  on  the  other.  It  extends  to 

the  Avestward  by  a  long  arm,  at  the  we.stern  end  of  Avhich  it  is  again  connected 

Avith  the  Cortelliar  alluviums  by  a  narrow  neck  across  the  south- Avcsterly  exten- 

sion  of  the  Red  Hills  plateau  ;  and  it  sends  another  good  al'm  to  the  south-we.st 

past  the  Palaveram  hills.  Its  extreme  length  to  the  western  neck  is  about  20 

miles,  the  breadth  between  the  two  low  headlands  being  about  71  miles.  Tlie 

receptive  edge  is  not  more  than  80  miles  in  length,  and  the  area,  including  the 

stretch  to  the  coast,  is  at  a  rough  calculation  about  175  square  miles.  It  is  only 

fed  by  the  Triplicane  (also  called  the  Madras  riA'er  and  the  Cooum)  and  the 

Saidapet  (othcrAvisc  the  Adyar)  rivers,  Avhich  liaA-e,  hoAA-ever,  only  small  drainage 

areas.  Thei'e  is  a  possibility,  hoAA'ever,  that  a  fair  supply  of  Avater  may  be  dravAui 

in  at  the  Avestern  neck  by  the  narroAV  channel  there  connecting  the  Cortelliar 

alluviums  with  those  of  the  Triplicane  riA'er.  In  fact,  unless  there  i.s  a  sup])ly 

of  this  kind  at  that  point,  no  head  of  Avater  can,  I  think,  be  reckoned  on  until 

Avithin  8  miles  of  Madras,  Avhon  AA'aters  Avould  have  a  sufficient  rccoptiA^e  edge 

and  length  of  riA'cr  bed  for  their  collection. 

There  is  CA-ery  reason  to  suppose  that  the  uppermost  of  the  two  clay  bands  at 
Pondicherry  may  even  be  found  in  the  Madms  plain,  the  same  kind  of  shelly 
deposit  having  been  met  Avith  in  the  few  shallow  borings  which  have  from  time 
to  time  been  made,  while  the  extent  of  this  plain  compared  with  the  size  of  the 
streams  floAving  into  it  seems  to  indicate  a  wide-spread  or  westAvard  extension 
of  estuarine  beds. 

I  have  alreacly  expressed  my  opinion  that  the  water  of  the  Oopallem  well  is 
from  the  permeable  band  under  the  upper  clay  seam  of  the  Pondicherry  plain,  and 
there  is  just  a  possibility  that  this  permeable  seam  may  crop  up  in  the  Gino-ee 
or  Ariancup  river  a  feAV  miles  west  of  the  town.  This  is  a  bare  possibility  only, 
which,  however,  does  not  practically  affect  the  Pondicherry  supply ;  but  it  is  the 
only  supposition  Avhich  gives  promise  of  any  rise  from  small  basins  like  that  of 
Madras,  and  it  may  be  that  the  head  gainable  at  6  or  8  miles  from  the  coast 
would  be  sufficient  for  a  rise.  The  quantity  of  Avater  is,  I  belieA^e,  attainable  in 
the  Madras  bay,  Avithin  8  miles  of  the  toAvn. 

Fortunately,  hoAveA’-er,  as  I  think,  for  Madras,  it  is  situated  on  the  southern 
The  proximity  of  the  ^he  Cortelliar  and  Namaveram  plains,  and  in  these 

Cortelliar  and  Nariiaver-  there  are,  to  all  appearance,  all  the  necessary  require- 
am  plains.  ments  as  to  head  of  Avater  gained  by  distance  on  a  gentle 

rise,  combined  with  a  very  large  reception  edge.  The  Cortelliar  plain  is  also 
joined  in  a  remarkable  way  Avith  that  of  the  Palar  river  at  a  point  above  where 
the  latter  has  a  clear  channel  through  the  gneiss,  and  it  is  not  at  all  improbable 
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that  there  is  at  this  high  level  barrier  a  tako-oif  of  the  Palar  waters  into  the 
Cortelliar  basin.  There  is,  of  course,  first  the  chance  that  the  permeable  beds  of 
the  Cortelliar  may  not  stretch  downward  to  and  under  Madi’as  ;  but  this  is  hardly 
to  be  expected,  after  what  is  known  of  the  tailing-up  of  the  water-bearing 
strata  of  Pondicherry,  even  though  that  town  be  on  the  north  arm  of  its  plain, 
and  that  there  is  a  well-known  tendency  of  the  rivers  on  the  eastern  coast  to 
trend  up  to  the  northwards  in  their  alluvial  basins. 

There  are,  on  the  other  hand,  dangers  that  borings  may  meet  with  obstruc- 

Obstacles  In  tlie  way  o*"  enough  at  Madras 

of  an  irregnlar  bottom  to  itself,  though  it  is  possible  these  may  not  be  encountered 
bo  expeoteil,  ^  clistance  west  or  north  of  the  city  :  indeed,  the 

chances  of  reaching  the  Cortelliar  beds  would  be  increased  the  further  north 
the  trials  ■wore  made.  The  line  of  the  Palaveram  and  Mount  ridges  of  gneiss  may 
extend  for  some  distance  underneath  the  alluviums  towards  the  town ;  in  any  case 
the  mere  rising  ga-ound  itself  has  a  tendency  to  shelve  under  the  Adyar,  and  this 
floor  would  very  likely  come  within  the  range  of  shallow  borings.  Again;  it 
appears'  that  a  boring  was  many  years  ago  made  at  the  then  Inland  Customs 
House  at  Madras,  three-quarters  of  a  mile  from  the  sea,  to  the  depth  of  65  feet, 
which  reached  the  crystalline  rocks.  The  obstacle  may  indeed  have  been  a  boulder 
of  those  rocks,  such  being  sometimes  met  with  in  the  alluvium,  but  the  likelihood 
is  that  it  was  a  sub-alluvial  extension  of  the  Mount  ridges. 

The  section'  in  this  boring  was  as  folio w's  ; — 


Elver  saml  ......... 

Black  clay  mixed  wltb  sand  and  sbales  .... 

Blue  clay  with  sand  and  lime  and  pieces  of  Ironstone 

Granite  and  quartz  rubble . 

Clay  and  gravel  mixed  with  broken  granite,  quartz,  mica,  &c. 


Sand  and  clay 

Light-coloured  sand  and  clay 
Stiff  clay 


Pt.  Ins. 

3  0 

1  0 

3  6 

5  6 

20  0 

12  6 

0  6 

9  0 


Total 


55  0 


'  See  Manual  of  the  Geology  of  India,  pt.  I,  p.  423. 
’  Newbold;  Journ.  Royal  As.  Soc.,  pt.  VIII,  p.  248. 
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No.  1426,  dated  7th  July  1879. 

Proceedings  of  the  Government  of  Madras,  Revenue  Department. 
TRANSLATION. 

Psctract  from  the  “  Monitenr  Qfflciel  ”  of  the  French  Settlements  in  India,  dated  Friday, 

the  4th  April  1879. 

Aetesiau  Wells. 

In  publishing  the  report  of  the  Colonial  Engineer,  President  of  the  Commission  on 
Artesian  Wells,  on  the  boring  operations  carried  on  in  the  Jardin  d’Aoclimatation,  the 
Administration  desires  to  draw  attention  to  the  important  results  obtained,  and  to  the  hopes 
which  this  successful  experiment  should  give  rise  to  as  regards  the  interests  of  agriculture. 
It  is,  in  effect,  advisable  that  private  industry  taking  advantage  of  the  experience  acquii'ed, 
should  apply  the  same  processes  to  borings  to  be  made  in  other  parts  of  the  territory. 

The  Administration  proposes,  moreover,  to  utilize  the  apparatus  which  the  Colonial 
Council  first  thought  of  getting  out  from  France,  on  works  for  which  sanction  will  be 
requested  from  the  Elective  Assemblies,  with  the  view  of  extending  these  boring  operations 
which  are  more  productive  and  useful  in  this  Colony  than  any whei’e  else. 

Enclosusb  No.  1. 

Report  on  the  Operations  of  Boring  an  Artesian  Well  in  the  Jardin  d’ Acclimataiion 
at  Pondicherry,  dated  Pondicherry,  2ith  March  1879. 

Mons.  V  Ordonnafetir. — Conformably  to  your  communication,  No.  333  of  the  15th 
February  last,  I  have  the  honor  to  forward  a  full  report  on  the  operations  connected  with 
boring  an  artesian  well  in  the  Jardin  d’Acclimatation  at  Pondicherry. 

In  order  that  the  report  may  be  complete,  I  have  deemed  it  necessary  to  go  back  to  the 
formation  of  the  Commission  appointed  by  order  of  the  23rd  February  1877,  and  to  the 
commencement  of  the  operations  which  decided  the  Administration  to  encourage  and  popu¬ 
larise  an  advance  in  the  means  of  the  Colony,  and  of  which  the  results  ought  to  prove  most 
beneficial  to  agriculture  and  rural  requirements. 

Consequent  on  the  success  achieved  in  sinking  an  artesian  well  by  the  aid  of  the 
Savana”  Machine  as  carried  out  by  Mr.  Charles  Poulain,  Manager  of  Poulain’s  Spinning 
Factory,  a  Commission  appointed  by  an  order  of  His  Excellency  the  Governor,  dated  23rd 
February  1877,  under  the  pre.sidency  of  the  Colonial  Engineer  and  Chef  du  Service  of 
Roads  and  Bridges,  proposed  to  the  Administration  on  the  20th  of  June  of  the  same  year 
that  a  complete  set  of  machinery  for  boring  should  be  procured.  This  Commission  inti¬ 
mated  their  preference  for  that  of  Messrs.  Ddgousee  and  Lippman  to  any  other,  and  sug¬ 
gested  that  a  sum  of  1,200  francs  should  be  placed  at  the  disposal  of  Mr.  Charles  Poulain 
(who  found  himself  without  funds)  in  order  that  he  might  carry  on  his  work. 

The  machinery  arrived  in  the  Colony  on  the  4th  September  1878,  and  the  Commission, 
after  visiting  the  Jardin  d’Aeclimatation,  were  unanimously  of  opinion  that  the  well  oncht 
to  be  sunk  in  the  centre  of  the  basin  in  th.it  garden,  that  situation  being  the  one  which 
offered  the  greatest  facilit3'  for  ii'rigating  so  large  an  extent  of  ground  presuming  the 
probable  success  of  the  undertaking. 
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After  fitting  and  erecting  tlie  crane,  the  works  were  carried  on  under  the  supervision  and 
with  the  assistance  of  the  Department  of  Roads  and  Bridges.  First  of  all,  a  small  well  1'80 
meti’e  deep  was  dug  in  the  centre  of  the  basin,  at  the  bottom  of  which  boring  was  begun  on 
the  30th  October  1878,  commencing  with  tubes  of  a  diameter  of  ’26  of  a  metre.  The  work 
which  on  this  date  has  reached  79ni.  62c.  in  depth  has  passed  through  the  following  series  of 
geological  strata: — 

Table  of  Geological  Strata  of  the  Artesian  Well  bored  m  the  Jariin  d’ Acclimatation  at 

Tondicherry. 


Kumber  of 
Strata. 

Dates. 

Geological  Strata, 

Thicknesses 

of  Strata. 

Progressive 

Depths. 

Rbmabks. 

M. 

M. 

0  1 

30th  October  1878 

Natural  earth 

1-33 

1-33 

1 

30tli  ,,  j, 

Sand  mixed  with  yellowish  clay 

0-75 

208 

(m.  2-80)  water-level  of 

2  i 

30tli  ,j  n 

Clay  mixed  with  clear  gray  sand 

0-85 

2-93 

surrounding  wells. 
(3‘60)  mean  sea-leveh 

3 

31st  October  and 
2iidNov.  1878. 

Clear  gray  sandy  clay 

1-40 

4-33 

4 

4th  November  1878 

Coarse  bluish  sand  mixed  with 
small  gravel. 

0-30 

4-63 

b 

5th,  6th,  7th,  8th, 
9th,  and  11th 
November  1878. 

Flue,  clear  gray  sand,  very  fluid 

1-37 

6-00 

6 

12th  November  1878 

Bluish  gray  sand  mixed  with 
small  gravel. 

0T5 

616 

7 

12th  and  13th  Nov. 
1878. 

Coarse  clear  gray  sand 

025 

6-40 

8 

13th  November  1878 

Coarse  bluish  sand  mixed  with 
small  gravel. 

030 

6-70 

9 

iStli  ft  jf 

1 

Coarse  bluish  sand,  small  gravel, 
fragments  of  charcoal  and 
dec.ayed  wood. 

0-35 

7-05 

10 

14th 

Coarse  bluish  sand,  lumps  of 
plastic  black  clay  and  decayed 
wood. 

0-36 

7-40 

11 

14th  „  „ 

Very  fine  bluish  sand 

0'15 

7-56 

12 

14^11  fj  ij 

Coarse  blackish  sand  mixed  with 
black  clay. 

0-60 

815 

(10*24)  first  rise  of 

13 

15tli  ]( 

Black  clay  and  fine  sand 

2-69 

10-74 

water-level. 

14 

15tli  ft  )] 

Fine  sand  and  diluted  black  clay 

0-88 

11-62 

15 

ISth,  16th  Nov.  1876 

Coarse  sand  with  a  little  clay 
and  small  gravel. 

040 

12-02 
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Table  of  Creological  Strata  of  the  Artesian  Well  bored  in  the  Jardin  d' Acclimatation 

at  Pondicherry — contd. 


Number  of 
Strata. 

Dates. 

i 

Geological  Strata. 

Thicknesses 

of  Strata. 

Progressive 

Depths. 

j 

M. 

M. 

16  i  16th,  18th  „  „  ' 

Fine  sand  and  decayed  wood.., 

1-58 

13-60 

17 

18th,  19fch,  20tli,  nnd 
21st  Nov.  1878. 

Fine  pure  sand  ... 

2-20 

15-80 

18 

21st,  22na,  23i-d 

November  1878. 

Close  black  clay  with  vegetable 
detritus. 

5'40 

21-20 

19 

23ra,  25th,  and  26th 
November  1878. 

Bhick  clay  mixed  with  fine  and 
moderate  sized  sand. 

2'90 

24-10 

20 

26  th  November  1878 

Black  clay  mixed  with  sand  and 
small  gravel. 

0-20 

24-30 

21 

26th  and  27th  Nov. 
1878. 

Black  clay  mixed  with  moderate 
sized  sand. 

2-80 

27-10 

22 

27th  November  1878 

Fine  sand  stained  with  clay  ... 

0-20 

27-30 

23 

27th  and  28th  Nov. 
1878. 

Fine  grayish  sand  ... 

1-10 

28-40 

24 

28th  November  1878 

Hard  black  clay  mixed  with 
very  fine  sand. 

0-15 

28-55 

25 

28th  and  29th  Nov. 
1878. 

Moderate  sized  grayi.sh  sand  ... 

215 

30-70 

26 

23th  November  1878 

Black  sandy  clay  ... 

0-15 

30-85 

27 

29th  „  „ 

Fine  gray  sand  ...  ... 

0‘55 

31-40 

28 

30tli  „  ,, 

Black  sandy  clay  ... 

1-20 

32-60 

29 

30th  „  ,, 

Fine  sand  mixed  with  clay  ... 

0-40 

33-00 

30 

30th  ,,  ,, 

Fine  sand  and  lumps  of  sandy 
clay  ... 

0-30 

33-30 

31 

30th  November,  1st, 
2nd,  3rd,  4th  Deo. 
1878. 

Close  black  clay  mixed  with 
very  fine  sand  and  quantities 
of  gray  limestone. 

6-70 

40‘00 

82 

5th,  6th,  7th,  9th, 
10th,  and  11th 
Dec.  1878. 

Black  plastic  clay  with  a  few 
fragments  of  shells. 

4.-00 

44-00 

33 

11th  December  1878 

Compact  hlack  clay  mixed  with 
fine  sand. 

0  75 

1  44-75 

j 

34 

11th,  12tli,  13th 
Dec.  1878, 

Black  clay  mixed  with  moderate 
sized  sand. 

3'30 

48-05 

35 

13th  and  14th  Dec. 
1878. 

Fine  sand  and  dark  earthy  clay 

1-35 

49-40 
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Table  of  Geological  Strata  of  the  Artesian  Well  bored  in  the  Jardin  d' Acclimatation 

at  Fondioherry — contd. 


ca 

a 

Nnmber  c 
Strata. 

Dates. 

Geological  Strata. 

Thickness€ 

of  Strata. 

Progress^ 

Depths. 

Bemabes, 

M. 

M. 

36 

14th,  16th,  17th, 

Fine  sand,  earthy  clay  less  dark 

5-30 

54-70 

18th  Dec.  1878. 

(56-50)  1st  gushing 

37 

18th,  19th,  20th 

Coarse  clayey  sand  mixed  with 

2'00 

56-70 

out  of  water.  The  in- 

Dec.  1878. 

small  gravel,  conglomerates 

terviil  of  time  between 

and  ferruginous  sandstones. 

the  21st  December 
1878  and  2nd  January 

38 

20th,  21st  Dec. 

Coarse  pure  sand  (same  ma- 

2-50 

59-20 

1879  was  employed  in 

1878,  and  2nd 
January  1879. 

terials  as  above). 

clearing  away  the 
sand  in  order  to  ob- 

tain  a  larger  dis- 

39 

3rd  January  1879... 

Coarse  whitish  sand  mixed  with 

090 

60-10 

charge. 

small  gravel,  very  white  clay 
and  ferruginous  sandstones. 

40 

3rd,  4th  January 

White  sandy  clay 

015 

60-25 

1879. 

41 

4th,  6th,  7th,  8th 

White  sand  mixed  with  small 

5-79 

66-04 

Januai’y  1870. 

gravel,  ferrugmous  sand¬ 
stones,  fragments  of  white 
clay. 

42 

9th  January  1879. 

Grayish  sand,  small  gravel, 

0-56 

66-60 

white  friahle  sandstone,  quart- 
zo-inetallic  conglomerates  and 
ferruginous  sandstones. 

43 

10th  „  „ 

Blackish  sand  (same  materials 

0-80 

67-40 

without  the  gravel). 

44 

10th 

Coarse  sand  and  quartzo-metal- 

0-50 

67-90 

lie  conglomerates. 

45 

11th 

Grayish  sand,  sm.all  gravel,  me- 

0-70 

68-60 

tallic  conglomerates  and  de¬ 
cayed  wood. 

(68-85)  2nd  gush. 

46 

11th,  13  th,  14tli, 

Gray  sand,  grits  and  metallic 

0-50 

69-10 

15th  January  1879, 

conglomerates. 

47 

15th,  16th,  17th, 

Coarse  sand,  sand,  small  gravel. 

2-40 

71-50 

18th,  20th,  21st, 

decayed  wood,  fragments  of 

22nd,  23rd,  2-lth, 

white  and  gray  clay  and  me- 

25th,  27th,  ami 
28th  January  1879 

tallic  congloinorates. 

48 

29th,  30th,  31st  Ja- 

Very  fine  and  pure  gray  sand... 

0  90 

72  40 

nuary  1879. 

49 

1st,  3rd  February 

Fine  black  and  gray  sand,  frag- 

1-20 

73-60 

(73-60)  3rd  gush. 

1879. 

ments  of  clay,  decayed  wood 
and  vegetable  detritus. 
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Table  of  Geological  Strata  of  the  Artesian  Well  bored  in  the  Jardin  d’ AccUmatation 

at  Pondicherry — coucld. 


Number  of 
Strata. 

Dates, 

Geological  Strata. 

Thicknesses 

of  Strata. 

Progressive 

Depths. 

Remabks. 

M. 

M. 

50 

3rd,  4th,  5th,  6th, 
and  7tli  February 
1879. 

A  moderate  sized  sand,  grits, 
small  gravel,  decayed  wood 
and  iron  ore. 

4-20 

77-80 

51 

7th,  8th,  10th,  11th, 
and  12th  February 
1879. 

Moderately  gray  sand,  lumps  of 
clay,  grits,  small  gravel,  de¬ 
cayed  wood  and  iron  ore. 

0-60 

78-40 

(79-34)  4th  gush. 

52 

12th,  13  th,  14th, 

and  15th  February 
1879. 

Moderately  gray  sand,  grits, 
decayed  wood,  small  gravel 
and  iron  ore. 

1-12 

79-52 

Drawn  up  by  the  Colonial  Engineer,  Chef  du  Service  of  Roads  and  Bridges. 

A.  CAERIOL, 

The  24th  March  1879.  Pondicherry, 

On  the  16th  November,  after  thirteen  days  of  work,  a  rise  of  water-level  was  found  at  a 
depth  of  10'74  metres.  The  water-level,  which  was  originally  2'80  metres  below  the  level  of 
the  soil,  rose  to  1'27  metres.  The  water  was  of  the  same  character  as  that  of  surrounding 
wells,  the  water-level  of  which  remained  stationary  at  2'80  metres. 

These  first  10  74  metres  (which  gave  a  mean  depth  sunk  of  '82  of  a  metro  per  diem  of 
ten  hours  of  actual  work)  consisted  of  alternate  layers  of  ordinary  gravel  mixed  with  clay, 
fine  and  very  fluid  sand,  lumps  of  black  plastic  clay,  bits  of  decayed  wood,  and  of  coarse 
blackish  sand  mixed  with  black  clay,  and  were  bored  cither  by  a  rotating  auger  (tariere),  or 
by  means  of  a  “  soupape  a  boulet.”  This  last  implement  produced  the  best  results,  especially 
in  quicksand,  during  the  whole  course  of  operations. 

Erom  the  16th  November  to  the  20th  December,  boring  continued  without  interruption  ; 
the  level  of  the  rising  water  rose  higher  and  higher;  from  1 ’27  metres,  which  it  had  when 
first  met  with,  it  rose  till  it  was  not  more  than  '96  of  a  metre  below  the  surface  of  the 
ground  on  the  18th.  It  remained  at  this  level  till  the  20th  December,  on  which  date  at  a 
depth  of  66’50  metres,  a  gush  of  water  was  encountered. 

'J'his  outflow  showed  itself  on  the  night  of  the  19th.  The  temperature  of  the  water  was 
31°  centigrade,  and  its  hydrostatic  level  rose  '66  of  a  metre  above  the  level  of  the  ground. 
During  the  boring,  the  water  rose  and  fell  intermittently,  varying  between  ‘40  and  "44  of  a 
metre.  This  was  the  result  of  the  continuance  of  the  operations.  On  the  21st  December, 
the  hydrostatic  level  rose  to  '99  of  a  metre  and  gave  a  discharge  of  140  litres  a  minute.  Work 
was  carried  on  at  this  time  in  a  stratum  of  coarse  gravel  mixed  with  clay  and  small  gravel. 
The  water-level  remained  stationary  for  some  tune  ;  the  discharge  increased  considerably, 
rising  from  140  to  224  litres  between  the  21st  and  the  24th  December.  The  temperature  of 
the  water  was  34°,  -and  on  analysis  by  Moris.  Cazalis,  1st  Class  Chemist  of  Marino,  showed 
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the  following  composition,  as  embodied  in  the  Proceedings  of  the  Commission  of  the  28th 
December  1878 : — 


Sulphate  of  lime  .... 

0,1050n 

Carbonate  of  lime  .... 

■  I 

Silica  ...... 

■  >  0,0210  f  precipitated  by 

Magnesia  ...... 

•  1  1  soap  and  water. 

Iron  (traces  of)  . 

.  J  ) 

Chloride  of  soda  .... 

0,1800 

Total 

0,3060 

These  proportions  not  constituting  a  perfectly  drinkable  water,  though  very  useful  for- 
watering  the  garden,  the  Commission  determined  to  carry  on  operations  to  a  greater  depth. 
The  tubing  was  accordingly  continued  with  pipes  of  the  same  diameter  as  at  the  beginning. 
From  the  30th  December,  under  the  impetus  given  to  the  works,  the  hydrostatic  level  com¬ 
menced  to  fall,  and  in  consequence  the  discharge  of  water  underwent  the  same  diminution. 
Prom  1‘28  metres  which  it  had  attained,  there  was  not  more  than  1'005  of  a  metre  on  the  31st 
December,  '83  on  the  4th  January  1879,  and  on  the  6th  (having  attained  a  depth  of  62'64 
metres),  the  level  was  '01  below  the  level  of  the  ground. 

Prom  the  6th  to  the  13th  January,  the  works  were  continued  and  pushed  on  to  68‘7&. 
metres. .  On  the  13tb,  a  second  gush  of  water  showed  itself,  which  rose  at  length  to  0*40  of  a 
metre  above  the  ground,  but  the  piping  became  more  and  more  difficult.  A  deviation  of  ‘07 
of  a  metre  had  already  been  noticed  in  the  vertical  projection  of  the  column  which  caused 
friction  at  the  bottom  of  the  last  pipe,  the  soupape  a  boulet  continued  to  act,  but  the  results 
were  very  poor.  At  one  time,  every  offoii  that  was  made,  could  not  overcome  the  resistance 
in  sinking  the  column  on  account  of  the  pressui'e  of  the  sand  against  the  sides.  The  situation 
was  serious  and  very  embarrassing.  It  was  seen,  moreover,  that  the  hoop  which  protected  the 
bottom  of  the  first  pipe  was  displaced,  and  that  the  “  trepan  ”  of  the  “  soupape  ’’  struck  it  at 
every  stroke  and  brought  away  fragments  of  it.  It  was  necessary  to  use  repeatedly  the  large 
trepan  which  entirely  detached  the  hoop  and  ground  it  into  small  pieces.  The  crane  which  was 
lifted  by  the  pressure  of  the  jackscrews  was  successively  charged  with  weights  varying  from 
1  920  kilos  to  6,070  kilos.  Notwithstanding  this  pressure,  the  resistance  was  still  great.  The 
“  soupape  ii  boulet”  continually  brought  up  the  debris  of  the  hoop  .and  the  pipe  to  which-  it 
was  rivetted  ;  the  work  of  boring  was  almost  at  a  standing,  and  the  crane  continued  to  rise. 
It  was  then  loaded  with  a  total  weight  of  19,290  kilos.  A  small  sounding  probe  was  lowered 
down  the  tube,  which  penetrated  to  a  depth  of  of  a  metro  in  the  ground  and  brought  away 
traces  of  bluish  clay.  The  boring  was  then  at  68’81  metres,  which  showed  the  depth  sunk 
durin"  the  day  to  bo  only  ’06  of  a  metre.  The  hydrostatic  level  which  rose  for  a  moment  to 
1'03  fell  to  0'95,  and,  on  the  16th  January,  was  not  more  than  •25  of  a  metre  above  the 
ground.  It  rose  and  fell,  alternately,  from  '73  to  '69  of  a  metre,  and  eventu.ally  fell  down  to 
■12  below  the  ground-level,  while  the  tubes  were  not  able  to  be  driven  in  more  than  '67  of  a 
metro  in  a  week. 

The  works  were  proceeded  with  nevertheless,  but  the  results  were  very  poor.  We  were 
liowever,  on  the  point  of  overcoming  the  resistance  to  the  driving  in  of  the  pipe.  When  the 
column  had  passed  the  water-bearing  strata,  the  water  caused  an  opening  between  the 
exterior  of  the  piipos  and  the  ground  penetrated.  From  that  time  the  work  became  easier ; 
resistance  diminished,  and  the  “soupape  ”  having  reached  the  coarse  sand,  operations  became 
a  great  deal  more  satisfactory. 

On  the  3rd  February,  there  was  a  third  gush  of  water,  the  hydrostatic  level  of  which 
rose  to  ‘38  of  a  metre  above  the  level  of  the  ground.  The  boring  had  then  reached  to  73-60 
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metres.  This  fresh  gush  of  water,  like  the  one  which  preceded  it,  made  the  sand  flow  back  from 
•50  of  a  metre  to  1-20  metres  into  the  interior  of  the  tube.  The  work  continued  by  means 
of  the  small  soupape  k  boulet,  and  we  then  attained  a  depth  of  79’34  metres. 

At  length,  on  the  13th  February,  after  penetrating  a  stratum  of  very  fine  saird  mixed 
with  grits  and  remains  of  decayed  wood,  the  hydrostatic  level  which  had  remained  at  about 
the  level  of  the  ground  rose  to  ■62  of  a  metre,  and  continued  under  the  impetus  given  to  the 
work  to  rise  gradually  to  I'dS  metres  in  twenty-nine  days.  This  is  the  jet  we  now  have. 
The  water  is  very  clear,  does  not  taste  bad,  and  boils  vegetables  perfectly.  It  marks  98  on  the 
hydrometer.  Its  temperature  is 

The  discharge  of  water  was,  on  the  13th  February,  at  10  A.M.,  140  litres ;  in  the  evening 
it  was  268  litres ;  and  to-day,  the  20th  March,  it  has  reached  to  666  litres  a.  minute— a 
quantity  more  than  sufficient  to  irrigate  the  Jardin  d’Acclimatation.  After  several  attempts 
to  extract  the  bottom  of  the  pipe,  it  was  discovered  that  the  force  of  the  rising  water  brought 
up  sand  to  the  surface,  and  that  the  detachment  had  been  eflected  spontaneously.  The  boring 
has  reached  to  79'52  metres.  It  took  89  days  of  10  hours  each  of  actual  work.  This  gave 
an  average  per  diem  of  =  '89  daily. 

The  following  have  been  the  general  expenses  : — 


F.  c. 

F.  C. 

Construction  of  the  crane  .... 

1903-52 

■  2570-55 

Transport  and  setting  up,  &o. 

662-03  , 

Value  of  80m  of  pipes  .... 

2340-00  ■ 

•  3420-00 

Expenses  of  packing,  freight  and  insurance 

1080-00  . 

Hire  for  driving  in  the  pipes 

1630-12 

1630-12 

Total  .  .  7620-67 

2570-55 


5050'12 


If  from  thus  sum  the  cost  of  the  crane  be  deducted,  which  was  Fr.  2oi0'55,  the  real  cost 
of  the  well  will  be  only  50o0T2. 

This  makes  the  cost  of  each  running  metre  in  boring  =63f.  oOo. 

This  expenditure  is  really  very  small  when  we  take  into  consideration  the  dreadful 
famine  which  raged  through  this  country  in  1877  and  1878  in  consequence  of  want  of  water. 

One  can  now  assert  with  certainty  after  the  success  achieved  in  boring  three  wells  within 
a  radius  of  about  800  metres  of  each  other,  and  at  depths  varying  from  38-53  to  79-52 
metres,  that  if  the  calamities  which  famines  involve  on  the  Coromandel  Coast  are  not  com¬ 
pletely  overcome,  their  disastrous  consequences  can  be  considerably  mitigated  by  sinking  arte¬ 
sian  wells. 

This  being  the  first  attempt  at  boring  ta  such  a  great  depth  in  this  country,  I  have  thought 
that,  from  a  scientific  point  of  view,  it  would  he  useful  to  have  in  France  a  complete  collec¬ 
tion  of  geological  specimens  of  the  strata  penetrated.  With  this  view,  I  have  caused  a 
case  containing  an  extract  from  the  register  of  borings  with  all  the  specimens  and  four 
bottles  of  the  water  now  issuing  from  the  well  to  he  deposited  in  the  Magasin  Geudral. 
I  think  M.TCrdonatenr  that  this  case  should  be  forwarded  to  His  Excellency  the  Minister 
of  Marine  and  Colonies,  who  would  probably  make  it  over  either  to  the  School  of  Roads  and 
Bridges  or  the  School  of  Mines. 

(Signed)  A.  CARRICL, 

LTngenieur,  Colonial, 
Chief  du  Service  des  Points  et  Chanssees. 
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Experiences  of  Mr.  C.  Foulain  in  the  boring  at  the  Savana  Filature.  Extracted  from 
“  Travaux  des  Commissions  Locales,"  (Commissions  des  Puits  Artesiens).  Pondi¬ 
cherry,  1817. 

L’outillage,  dont  il  est  inutile  de  donner  le  detail  est  celui  emplo3’e  pour  le  sondage  a  la 
corde  appele  sondage  chinois  aveo  quelques  modifications  facilitant  le  travail  dans  les  terrains 
que  nous  avons  rencontres.  Nous  avons  employe  pour  tuber  notre  trou  de  sonde  un  tuj'au 
cn  cnivre  rouge  de  14  centimetres  de  diametre  interieur  et  d’une  epaisscur  de  metal  de  Om 
(X)3m/m.  La  longueur  de  ebaque  tuyau  variait  de  2  m.  60  c.  a  3  metres.  Ils  sont  reunio 
I’uu  a  I’autre  par  un  manclion  de  meme  metal  et  de  meme  epaisseur  fixe  an  moyen  des 
rivets. 

Un  puits  de  service  de  2  metres  de  profondeur  a  ete  creusd  et  un  eebafaudage  compos 
de  2  bigues  et  1  traverse  a  remplaoe  la  chevre  qu’il  aurait  fidlu  construire. 

Tout  etant  pret,  le  sondage  a  commence  le  18  fevrior;  nous  nous  sommes  servi  de  la 
cuillere  a  soupape  de  Jobard.  Nous  dtions  dans  cette  couche  de  gi'os  sable  qui  est  tres- 
employds  dans  le  paj^s  pour  la  fabrication  du  mortier.  La  profondeur  etait  alors  de  4  metres, 
nous  avions  50  centimetres  de  hauteur  d’eau  dans  notre  tube  que  nous  descendions  an  fur  et 
a  mesure  en  le  chargeant  de  gros  poids  de  fonte  et  lui  communiqnant  a  force  de  bras  un 
mouvement  de  va-et-vient  an  moyen  d’un  tourne-a-gauche  forme  de  2  pieces  de  bois  a 
maeboires  bonlonnees  fortement  sur  le  tuyau  de  tubage.  Le  travail  marehait  lentement,  la 
quantite  de  sable  ramenee  etant  tres-faible.  Les  clapets  s’engageaient  souvent  qnoique  nous 
ayous  eu  soin  de  garuir  la  charniere  de  cenx-ei  d’un  tube  en  caoutchouc  au  centre  duquel 
piassait  la  broche  servant  d’axe  a  oes  clapets.  De  pins,  I’ecrou  de  retenue  centre  lequel  il 
allait  faire  chequer  le  monton  a  la  montee  pour  operer  la  fermeture  des  clapets,  se  deteri 
orait.  Nous  fumes  oblige,  plusieurs  fois,  d’en  mater  la  tote.  Enfin,  I’ecrou  se  oassa,  lais 
sant  remonter  le  mouton  tandis  que  la  cuillere  a  soupape  restait  au  fond  du  trou.  Nous 
n’etions  alors  fort  heureusement  qu’h  6  metres  de  profondeur ;  ce  qui  permit  de  remener  fa- 
cilement  la  cuillere  restee  au  fond.  Nous  travaillons  toujours  dans  la  meme  couche  de  sable 
mele  de  quelques  caillonx  roules,  les  nns  Wanes  tels  que  ceux  que  Ton  trouve  au  grand-etang 
es  auties  noirs,  ternes  et  quelques-nns  ayant  un  reflet  rappelant  le  chatoiement  de  ces  pier- 
res  connues  sous  le  nom  d’ceil-de-chat.  Nous  avons  egalement  ramene  de  cette  profondeur 
quelques  piei’res  a  arretes  vives,  nullement  roulees,  ressemblant  a  des  debris  de  basalte  et 
d’amphybole.  Quelques-unes  avaient  une  apparence  verditre.  Nous  reparames  la  cuillere  a 
soupape,  mais  craignant  un  nouvel  accident,  nous  construislmes  une  soupape  a  boulet  qui 
fonctionna  admirablement  jusqu’a  la  profondeur  de  7  m.  40  c.  on  nous  renoontrames  une 
couche  d’argile  noire  mdlde  do  m6me  sable  et  de  quelques  caillonx.  Au  bout  de  quelques 
coups  de  sonde,  nous  ramciAraos  des  fragments  d’argile  noire  qui  formait  une  couche  com- 
pacte  a  eu  juger  par  roffort  qu’etaient  obligds  de  faire  nos  homines  pour  degager  I'outil.  Le 
travail  raarcha  encore  lentement,  nous  etions  ddja  au  13  fdvrier.  Nous  ne  ramenioiis  a  ebaque 
coup  de  sonde  que  de  fort  petites  quantites  d’argile  ;  nous  pensames  que  notre  ontil  gSnd 
dans  sa  chute  par  une  hauteur  d’eau  de  pres  de  4  metres,  n  avait  pas  assez  de  poids.  Nous 
suspendimes  alors,  au  moyen  d’un  assemblage  a  boulon  sur  les  tirants  de  la  soupape  a 
boulet,  un  cyliudre  en  fer  de  5  centimetres  de  diamdtre  et  25  centimetres  de  longueur. 
L’outil  penetra  alom  p>lns  profondement  dans  la  glaise  et  en  ramenait  fort  peu  encore. 
Nous  adaptames  alors  au  couteau  circulaire  de  la  soupape  a  boulet  le  couteau  en  croix  de 
I’ouiil  de  Collet  de  Reims,  ce  qui  eut  pour  I’esultat  de  diviser  cette  partie  du  cylindre  en 
quatre  compartiments  presentant  chacun  une  surface  d  adherence  bien  superieure  a  celle 
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existant  preeodenimcnl.  Le  Iravail  marcha  un  pen  plus  rapidemciit  et  le  iiivoaii  Ju  I’ eau 
l)aissant  dans  le  tube  a  chaqne  coup  cle  sonde,  nous  arrivames  le  14  fevrier  au  soir  a  7  m.  80 
c.  La  glaise  devenait  plus  couipacto  et  ne  contonait  presque  pas  de  sable,  nous  y  reinar- 
quiimes  quelquas  paillettes  naovees,  ayant  a  peine  un  millimetre  cavre  de  surface.  II  nous 
vint  ensuite  des  debris  de  coquilles  nacrdcs  trcs-inolles  ii  I’etat  liumide  so  fenillotant  sous 
Tangle.  Nous  restamos  dans  cetto  couclie  juaqn’  au  16  vers  midi;  Teau  av.ait  disparu  totale- 
ment  du  tube  dans  la  matinee,  ce  qiii  indiquait  que  la  couebe  de  glaisc  etait  parfaiteinent  im¬ 
permeable.  La  profondeur  atteinte  dtait  de  10  metros  environ.  Pans  Tapro.s-midi,  Teau 
reparut  dans  le  tube,  nous  dtions  alors  a  10  m.  28  c.  ct  nous  retirames  du  fond  du  sable 
quartzeux,  souillc  d’argile  noire.  Apres  quolques  coups  de  sonde,  Targile  noire  rcpar.ait,  Teau 
qui  dtait  remontde  dans  lo  tube  jusqu’a  3  m.  60  c.  de  la  surface,  rebaisse  et  finit  i)ar 
•disparaJtre ;  nous  contimiames  notres  for, ages  en  versant  de  Teau  dans  notre  tube  et  ramenant 
toujours  do  la  glaise  noire  bion  plastique,  pure  de  tout  melange.  Nous  continudmps  ainsi 
jusqu’  au  17  au  soir,  nous  etions  arrive  a  la  profondeur  de  10  metres.  Le  tuyau  de  tubago 
descendait  difficilement  quoique  nous  aj'ions  anginentd  les  poids  de  charge  et  lo  nombre  de 
nos  bomraes  agissant  siu-  le  tourne-a-gauebe.  Notre  ebef  sondeur  s’aper^ut  alors  qu’il  se 
produisait  dans  le  tube  un  bruit  ressemblant  ii  la  chute  d’un  jet  d’eau  dans  Ic  fond.  II  dtait 
presque  nuit  close,  nous  arrotames  le  travail.  Le  Icndemain  matin,  le  memc  bruit  se  pro¬ 
duisait,  m,sis  le  soleil  dtait  encore  a  Thorizon,  il  nous  dtait  impo.ssible  de  rien  distinguer  dans 
le  tube.  Nous  cssayames  a  manoeuvrer  le  tourne-a-gauche,  la  resistance  dtait  grande  nous 
remarquanics  que  le  bruit  de  jet  d’eau  augraent.ait ;  nous  descendimes  dans  le  tu3’uu  une 
lampe  allumde,  qdaode  dans  un  petit  soau  qui  nous  avait  servi  a  prendre  dcs  ecbantillons  d’eau 
dans  les  moments  do  repos. 

Nous  ddceuvrtnies  alors  une  fissure  qui  s’dtait  produite  it  la  soudure  d’un  des  joints  de 
notre  tuyau.  Nous  ddcidaraes  immddiatement  qu’il  fallait  proceder  au  levago  du  tube  pour 
■en  faire  la  rdpaiation  ;  apres  des  efforts  dnornies  au  inoyen  do  levier  et  do  Jack  screw  le  tuyau 
ceda  et  viul  avee  facilitd ;  inais  une  longueur  de  11  metros  dtait  restde  dans  le  fond  du  trou  do 
sonde  et  son  extremitd  supdrieure  dtait  a  5  metres  en  contrebas  du  sol.  Nous  times  aussitot 
'creuser  noti'e  puits  de  service  jusqu’au  niveau  de  la  premiere  couebe  aquifbro  ;  au  moycn  de 
plongeurs,  nous  coulames  2  m.  10  c.  de  coui-onnes  en  terre  cuite.  noire  tuyau  se  trouva  ainsi 
ddg.agd  do  GO  centimetres  dn  fond  du  nonvean  puits.  Pour  facilitcr  le  travail  des  forgerons 
qui  devaieiit  redresser  le  tuyau  et  y  placer  un  systeme  d’arraebage,  nous  in.stallames  deux 
pompes  8,  ineendie  du  ruodele  de  la  ville  de  Paris.  Enfin,  lo  28,  tout  le  nial  etait  rdpard, 
nous  avions  do  plus  vide  le  tube  do  sondago  qui  s’etait  rempli  jusqu’aii  fond  ot  nous  etious 
redescendu  an  point  ou  Taccident  nous  avait  surpris.  Nous  sommes  toujours  dans  la 
meme  oouebo  d’argilo  noire  ot  compacte,  Teau  a  compldtement  disparu  le  28  ii  midi  ct  nous 
sommes  h  16m.  58c.  'Vers  la  fin  do  la  jouriiee,  Teau  reparatt  un  pen,  nous  esperons  que 

e’est  une  couche  de  sable,  nous  donnons  quelques  coups  de  sonde,  nous  ramenon.s  toujours 
la  memo  argile,  Teau  cependant,  seinble  monter  encore,  nou.s  cn  sommes  inquiet,  nous  rap- 
pelant  notre  premier  accident.  Le  tube  est  dur  b  manoeuvrer;  nous  parvenons  toutefois 
a  le  descendre  de  quelques  centimetres  en  donnant  un  leger  mouvement  de  va-et-vient ;  un 
dernier  coup  de  sonde  nous  donne  un  pen  de  sable  melange  a  Targile.  11  etait  jiresquo 
■nuit,  on  arrete  le  (ravail.  Quel  ne  fut  pas  notre  c'toniieraent  le  1"  mars  .'lu  matin,  de 
trouver  notre  tube  plein  et  debordaiit  legeromeut  il  nno  bauteni'  do  1  metro  en  conlre-bas 
du  sol !  L’ecoulomont  est  triis-faible  et  n’o.st  appreciable  qiie  lorsqu  ’  ou  est  pres  du  tube 
nous  arrotames  alors  la  desoente  du  tube  et  nous  times  sender  jusqu’au  soir  en  travaillaiit 
au-dessous  de  celui-ci.  L’outil  meme  se  prenait  quelquefois,  en  remontant,  au  rebord  in- 
ferieur  du  tuymu.  Toute  cette  jounice,  nous  avons  ramend  tantot  do  Targile  pure,  tantot 
de  Targile  melee  de  sable  gros  et  fin.  L’lScoulemout  de  Teau,  dans  los  moments  de  repos, 
continue,  il  augmente  Icgdrement  b  mesnro  que  le  travail  avance;  lo  2  au  matin,  le  tube 
st  plein  et  deverse  un  filet  encore  tres-mince  b  un  metre  au-dessous  du  uiveau  du  sol. 
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Nous  faisons  vklor  le  tuyau  an  moyeti  d’un  petit  seau  jusqu’i  la  profondeur  de  2  In.  50  Ci 
au-dcssous  de  la  surface,  I’eau  met  line  denii-lieurc  pour  remonter  K  son  niveau  primitif - 
nous  faisons  descendro  Ic  tube  en  manoeuvvant  le  tourne-b  giincbc,  il  descend  facilenient  d’lin 
metre ;  I’cau  conlo  avoc  ira  pen  plus  do  force,  I’orifice  d’ecoulement  ctant  abaisse.  Nous 
rivons  nn  tuyau  de  1  ni.  20  c.  ot  nous  ajoutons  un  autre  tuyau  do  1  ni.  20  c.  dont  le  joint 
est  fait  avoc  de  la  glaise  et  nous  avretons  le  travail  apres  avoir  donnd  quolques  coups  de 
sonde  qui  nous  raincna  do  gros  sable  quartzoaux  dont  quelques  grains  sont  brillants  et  hyalins 
d’autres  au  contr.aire  opaques,  variant  du  blane  au  jaune-rougoatre. 

Le  3  au  matin,  nous  constatons  que  I’eau  a  monte  dans  le  tube  et  s'est  arretee  b  une 
bauteur  do  30  centimetres  au-dessus  du  niveau  du  sol ;  nous  cnlevamcs  le  tuyau  supplemcn- 
tairc  et  nous  continuames  le  travail ;  la  sonde  nous  ramennit  du  gros  sable  meld  de  sable  fin 
de  couleur  grisatre ;  vers  10  boures  du  matin,  rdcoulement  dtait  devenu  appreciable.  Nous 
rocucillimes  le  produit  du  ddversoment  duns  nn  seau  jauge  de  10  litres ;  il  se  reraplit  en  2 
minutes;  nous  sonmies  n  19  metres  environ  de  profondeur.  Le  soir,  Ic  mdme  seau  a  dte 
rempli  en  1’  45”  sous  Ics  yeux  de  la  Commission  des  puits  artesiens  qui  avait  bien  voulu  se 
transporter  a  rdtablisscmcnt  Savana,  b  la  suite  do  sa  premibre  seance ;  le  4  au  matin,  I’eau 
est  complbtcment  claire  et  potable;  quelques  personnes  la  trouvent  ferrugineuse ;  e’est  a 
verifier. 

Le  ti’avail  a  dtd  suspendu  toutc  la  journce  du  4  qui  dtait  dimanebo.  L’eau  a  could  toute 
cetto  journde,  touto  la  nuit  ct  le  lendemain  6  mars,  ju.squ’a  midi,  et  elle  se  ddversait  en  un 
filot  de  rdpaissenr  du  petit  doigt  n  45  oentimcti'os  au-dessus  du  niveau  du  sol  onvironnant. 
Nous  enlevAmcs  le  tuyau  suppldmentaire  quo  nous  avions  placd  pour  verifier  le  niveau  by- 
drostatiqno  et  nous  rivames  un  nouveau  tuyau  de  1  in.  80  c.  m.  do  longueur.  Nous  repre. 
Tions  la  sonde  et  nous  travaillons  toujours  au-dessous  du  niveau  infdrieur  du  tuyau,  ce  qui 
occasionne  des  dboulements  souterrains  epii  maintienuent  iuvariablement  la  sonde  k  70  on  80 
contiinetres  en  ofmtre-bas  do  notre  tuyau.  Le  sable  qui  vient,  contient  quelques  paillettes 
brilliantes  comme  prdeddemment.  Nous  descendons  notre  tuyau  d’un  metre,  cc  qui  met  a 
19  m.  68  c.  m.  la  longueur  totalo  du  tuyau.  Pendant  que  nous  continuons  a  sonder,  la 
Commission  des  puits  artesiens  vient  fairc  sa  secondo  visite.  Nous  faisons  donner  quelques 
coups  de  soupapo  a.  boulet  qui  rameua  a  ebaque  fois  le  raeme  sable.  Nous  piocedons  ensuite 
sons  les  yeux  de  la  Commission  a  la  verification  do  la  profondeur  du  trou  de  forage  au  moyen 
d’un  plomb  de  sonde;  I’oporation  a  accuse  uno  profondeur  de  21  metres.  Nous  avons 
remarqud  que  I’cau,  depuis  la  dosoento  du  dernier  mbtro  de  tuyau,  etait  moins  abondante 
et  par  suite  montait  plus  Icntcmcnt.  Le  tuyau  etc  descondu  alors  environ  de  30  centimetres 
par  un  mouvement  de  va-et-vient  imprime  au  tourne-a-gauebe.  Le.s  operations  ont  etc 
suspendues  le  soir  et  ajournces  au  moment  on  nous  pourrions  avoir  des  tuyaux  pour  les 
continuer. 

Void  les  remarques  que  nous  avons  faites  sur  la  qualitd  do  I’cau :  pendant  la  journde 
du  4  mars  elle  est  trbs-limpide  et  ddgage  des  bulles  gazeusos  que  nous  supposons  dtre  de 
I’adde  carbonique,  n’ayant  pas  les  moyens  de  le  constater.  Sa  saveur  est  franchemont 
ferrugineuse.  Elle  prend,  par  I’addition  d’une  solution  de  tannin,  une  teinte  violct-noire, 
claire  ;  elle  donne  un  leger  prdcipite  do  cbloruro  d’argent  avee  la  solution  d’azotato  d’argent 
Nous  en  avons  c'vapore  un  litre  qui  a  la’sse  un  assoz  fort  residu.  Conformdment  au  desir 
de  la  Commission,  nous  avons  fait  remettre  le  0  mars  a  M.  le  Pbaimaoien  de  1"  classe  de 
la  marine  Castaing,  membre  de  la  Commission  des  puits  artesiens,  le  susdit  residu  en  y 
joignant  6  litres  environ  de  I’oau  du  puits  de  sondage  et  les  eobantillons  de  terre  que  nous 
avons  recueillis  a  diverscs  profondeurs. 

Lc  fi  mars,  I’eau  continue  h  couler  Icgercment  du  tuyau  dont  I'orificc  supdrieur  est  6  1 
metre  en  contre-bas  du  sol.  L’eau  ne  s’est  pas  eclaircio  encore  a  midi;  en  la  filtrant  au 
papier  gris,  elle  devient  tres-limpide.  Dans  la  soiree,  elle  s’eclaircit  completement,  I’ecoule- 


PART  2.] 


ApjjendLc  II. 


1 1'J- 

ment  est  a  peu  pres  le  moma  qiie  la  vcille.  Tels  soiit  les  details  du  travail  auquel  nous 
nous  sommes  livre  jusqu’a  present  dans  la  reclierche  d’uiie  source  artesieuue  a  I’etablisse- 
ment  Savana.  Nous  oraigiions  le  reproohe  d’avoir  ete  peut-etro  un  peu  minutieux,  niais 
nous  avions  a  ocour  d’eolairer  la  Commission  d’uue  maniere  aussl  complete  qu’il  etait  en 
notre  pouvoir,  en  presence  surtout  de  la  fagoii  gracieuse  dont  son  president  a  bien  voulu 
proposer  de  uous  aider  eii  nous  proouraut  les  tuyaux  necessaires  pour  continuer  notre  ex¬ 
perience. 

Signc:  0.  POULAIN, 
ladusti'iel. 

Pondiclidry,  le  6  mars  1877. 


Nous  avons  continue,  lorsque  nous  en  avons  eu  les  mo3'ens,  le  fon^age  du  puits  de 
Savana  dont  notre  derniere  note  accusait  une  profondeur  de  19  metres  68  centimetres, 
A  27  metres,  nous  avons  rencoutrd  une  couclie  de  glaise  noire  (Kegur)  dans  laquelle  uous 
avons  pendtre  de  5  metres  environ  ;  mais  la,  un  nouvel  accident  nous  a  arrete  :  notre  tuyau 
de  tubag'e  s’est  applati,  puis  rompu  lorsque  nous  I’avons  wlevd.  Cot  accident  etait  dii  & 
plusieurs  causes  ;  I’applati.ssemont  a  etu  produit  par  la  pousseo  du  sable  exterieur  d’une  part, 
et  par  un  eil'et  do  sucoion  qui  s’est  produit  dans  le  tuyau  lorsqu’cii  retirait  la  soupapo  a 
boulet  alors  noyee  dans  une  espeoe  do  vase  demi-tluide  produite  par  I’argile  ddlayee  dans 
I’eau  et  qui  a  fait  faire  en  quelque  sorte  office  de  piston  a  la  dite  soupape.  Le  mode  de  de- 
scente  de  tuyau  qui  avail  dtd  employe,  e’est-a-dire  uu  mouvemont  do  va-et-vieut  repdtd  a 
aussi  sa  part  dans  la  cause  du  resultat  facbeux  que  uous  subimos.  Nous  uc  nous  de- 
courageames  pas  et  nous  recommenqames  a  nouveau  it  deux  pieds  plus  loin  le  Ibu^ago  du 
tuy'au  quo  nous  vouions  de  retirer.  Nous  sommes  aujourd’bui  arrive  a  22  metres  et  nous 
descendona  notre  tuyau  au  moyen  d’une  presse  a  vis  qui  agit  sur  lui  dans  le  sens  vertical. 
Nous  avons  du  aussi  faire  eprouver  une  extreme  fatigue  au  tuyau  dans  I’operation  du 
foncemeut  parce  que  nous  n’olargissions  pas  au  moyen  d’un  alesoir  notre  trou  de  sonda 
avant  do  I’y  inserer  et  que  I’argile  se  dllatant  au  contact  do  I’oau  ren.serrait  d’uno  fusion 
tres-sensible.  Eu  resume.  Messieurs,  ces  accidents  sent  causes  par  un  defaut  de  ])i'atique, 
ayant  ete  appele  pour  la  premiere  fois  de  notre  existcuoe,  et  sans  aucun  guide  de  I’art  du 
sondeur,  a  etablir  un  puits  artesien.  L’experienoe  acquise  et  un  excellent  ouvrage  sur  la 
question,  qui  a  ct(5  mis  a  notre  disposition  par  M.  Amalric,  un  des  proprietaires  de  Savana  ^ 
nous  permettront  a  I’aveuir,  uous  I’espdrons,  d’eviter  cos  contre-temps.  Enfin,  Messieurs, 
nous  pouvous  le  dire  sans  crainte  d’etre  conh'edit,  Fexperieuce  de  Savana  a  eu  plusieurs 
resultats  pour  nous  :  I'celui  d’avoir  attache  tout  le  monde  it  cette  question  d’inlerct  general; 
2"  d’avoir  etabli  le  premier  jalon  de  la  natin-e  des  sols  a  une  eertaiiio  profondeur  et  3“  enfin 
surtout,  d’avoir  dispose  d’une  faqon  favorable,  par  un  commencement  do  preuve,  les  porsonues 
liaut  plaoees  qui  devaient  decider  du  sort  du  projet  que  nous  avoins  presente  au  Conseil 
colonial.  Nous  continuons  notre  travail  et  nous  en  rendrons  compte  au  fur  et  a  mesure  de 
son  avancement  avec  la  oonviotioii  intime  que  nous  aurons  bientdt,  toutes  cboses  cgales 
d’ailleurs,  le  plaisir  de  vous  aunoncer  notre  complete  reussite. 

C.  POULAIN. 

Pondichery,  le  19  juin  1877. 

Depuis  notre  derniere  communication,  des  travaux  urgouts  a  I’etablissement  ne  nous  ont 
pas  permis  de  poursuivre  d’uno  fagon  continue  notro  sondage.  Nous  vous  disions  dans  cette 
note  que,  dans  notro  second  sondage,  apres  I’accidout  arrive  au  premier,  nous  etions  parvenu 
!l  la  profondeur  de  22  metres,  e’est-a-dire,  a  la  couche  do  sable  aquifero  renoontree  precedem- 
ement  et  qui  nous  donnait  de  I’oau  a  liO  centimetres  au-dcssus  du  niveau  dn  sol.  Cette  foig 
I’eau  de  cette  memo  nappe  a  atteint  un  niveau  liydrostatiquc  de  0,  50  centimetres  au-dcssus 
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du  sol,  soil  10  centimeU'cs  de  plus  quo  precdderument.  Nous  attribuons  cette  difference  a  ce 
que  notre  tuyair  dtait  plus  etiinulie,  ayant  pris  pour  le  nouveau  sondage  la  precaution  de 
soudcr  a  I’ctain  tons  nos  joints  do  tuyau  rives.  Nous  avons  continue  le  fon9age  dans  ces 
sables  et  nous  avons  conmie  preeedeniment  troavda  27  metres  de  profundeur  une  coucbe  do 
glaise  que  nous  avons  travcrsee.  Son  dpaisseur  est  de  6  metres  environ.  La  sonde  a  ren* 
contre  ensuite,  e’est-a-dire  k  33  metres  do  profondeui',  une  coucbe  do  sable  gris,  d’une  finesse 
extreme,  fiuide  et  meme  visqueux,  qui  a  monte  rapidement  d’un  metre  dans  le  tuyau  de 
retenue  et  a  engage  une  premiere  fois  notre  soupape  a  boulet  que  nous  avons  retiree  avec 
grande  peine  en  nous  servant  de  la  traction  produite  par  uu  treuil  double.  L’eau  qui  jusque- 
la  s’etait  maiutenue  a  une  asscz  grande  profondeur,  mouta  j.usqu’au  niveau  du  sol :  c’dtait 
une  nouvcllo  nappe  qui  se  faisait  jour.  Apres  quelques  coups  de  sonnette,  notre  outil  a  pd- 
netre  plus  profonddment  et  une  pou.ssdo  subite  do  1  metre  60  de  sable  se  produisant  dans  le 
tuyau,  la  soupape  s’est  trouvee  tres-fortement  engagde  et  a  resistd  aux  tractions  les  plus 
puissantes  que  nous  ayons  pu  oxerccr.  Nous  introduislmes  alors  une  soupape  a  boulet  d’un 
plus  petit  modele,  n’ayant  que  0  metre  06  cent,  de  diametre  et  qui,  pouvant  fonctionner  dans 
I’intervallo  laissd  libre  par  le  cable  do  la  gi’ande  soupape,  nous  pei'mit  de  ramener  pen  a  pen 
un  volume  de  sable  equivalent  a  50  centimetres  de  hauteur  dans  le  tuyau.  C’est  le  plomb  de 
sonde  qui  nous  a  fourni  cette  donnee.  Nous  nous  apper^uines  alors  que  le  couteau  eirculaire 
de  cette  petite  soupape  eutamait  notre  cable  au  fond  et  en  ramenait  des  fragments  a  I’etat  de 
filaments  ddlayds  dans  la  masse  du  .sable.  Nous  construisimes  it  la  hfite  avec  uu  bout  de 
tuyau  une  soupape  a  clapet  de  plus  petite  dimon.sion  encore,  soit  0  metre  0  4  cent,  de 
diaiudlre,  munie  d’un  couteau  eirculaire  en  bois  et  d’un  clapet  de  cuir  charge  d’uno  plaque  de 
plomb.  Nous  ramen/imes  fort  pen  de  sable  et  il  contenait  toujours  des  filaments  de  chanvre» 
Pensant  que  ces  filaments  provouaient  de  ropemtion  preoedente,  nous  persistames  a  nous 
servir  de  ce  nouvel  outil.  Apres  vingt  heures  de  travail,  les  filaments  venaient  toujours  et 
en  grande  abondance.  Craignaut  de  deteriorer  notre  cable,  nous  renoncames  done  a  ce 
moyen  de  ddgager  notre  outil. 

Lous  fimes  alors  descendi'e  dans  la  colonne  de  retenue,  a  32  metres  de  profondeur  le 
tuyau  en  toile,  arme  de  sa  lance,  d’une  de  nos  pompes  a  incendie,  au  moyen  de  laquelle  nous 
injectames  vivement  au  fond  du  sondage  une  forte  quantite  d’eau  qui  produisit  un  courant 
ascensionnel  ayant  assez  de  vitesse  pour  ramener  de  cette  profondeur  une  grande  quantite  de 
sable  fin.  Au  bout  d’une  henre,  nous  jetames  le  plomb  de  sonde  qui  accusa  une  qnofondeur 
de  33  metres  50.  Nous  soulevames  alors  de  30  centimetres  notre  tuyau  do  retenue  en  faisant 
agir  en  sens  contraire  notre  presse  ii  vis  et  le  tuyau  monta  sans  efl’ort.  En  meme  temps  un 
homme  imprimait  au  cable  des  mouvements  de  torsion  et  de  fouet,  I’outil  se  trouva  degage. 
Lo  cable  n’lv  cprouve  qu’un  pen  d’eraillement  dans  une  partie;  les  filaments  proveuaient 
priucipalenient  de  1  extremitd  libre  de  I’attache.  Get  accident  nous  a  mis  aux  prises  avec  I’uu 
des  cas  les  plus  commuus  dans  les  terrains  eboulants  et  fluides  du  genre  de  coux  quo  nous 
traversons.  L  eau  se  maintient  a  90  eentinietros  an-dessus  du  sol,  et  ii  co  point  elle  ne  donne 
pas  d  ecoulement.  Nous  avons  goutd  I’eau  de  cette  derniere  nappe,  elle  nous  a  paru  bonne. 

Cette  eouche  de  sable  u’a  qu’iin  metre  d’epaisseur ;  elle  ne  pouvait  done  ]ious  fournir  uu 
ecoulement  important.  Nous  trouvftnres  ensuite  une  nunvelle  coircho  de  glaise,  toujours  de 
la  meme  nature  que  Ics  precedentes  e’est-a-dire  noire,  plastique,  compacte.  Quelques  rares 
cailloux  noil's  et  schisteux  comme  preeedeniment  ont  ctd  aussi  ramciids  par  la  sonde.  Le 
niveau  de  1  eau  g  est  abaisse  dans  la  colonne  de  retenue  aussitot  que  celle-ci  a,  penetre  dans  la 
glaise.  L  epaisseiir  de  celle-ci  n’est  quo  do  2  metres  environ ;  il  nous  est  vciiu  ensuite  du 
sable  siliceux,  a  gros  grains,  souille  d’uii  pen  de  glai.so ;  nous  somnies  a  36  metres  50  do 
profondeur  et  1  eau  se  tient  a  1  metre  eu  contrebas  du  sol  au  moment  oil  nous  terininons  cette 
note. 

C.  rOULAIN. 

Pondichery,  le  20  Juitlet  1877. 
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Le  dernier  compte-rendu  de  nos  essais  s’arrStait  a  la  profondenr  de  36  metres ;  nous 
^tions  alors  dans  des  sables  a  gros  grains  souilles  de  glaise.  A  37  metres,  nous  trouvames 
une  argile  moins  noire  que  celles  reucontrees  preeedemment,  sccbe  et  contenant  des  grains 
de  concretions  oalcaires  variant  de  1  a  5  millimetres  cubes  et  d’autres  un  peu  plus  gros. 
Cette  couclie  d’argile  eontenant  parfois  un  peu  de  sable,  tautot  mole  dans  la  masse,  tantot 
par  bandos  miuces,  a  continue  jusqu’a  45  metres,  soit  done  8  metres  d’dpaisseiir  pour  cette 
couebe  impermeable.  Notre  sonde  rameua  onsuite  de  la  mome  glaise  melee  de  cailloux  roules, 
la  plupart,  de  la  grosseur  d’un  pois,  les  uns  blancs,  les  autres  noirs,  d’autres  un  peu  plus 
gros.  Puis,  Targile  disparut  et  il  nous  vint  de  gros  sables  avee  les  rnemes  cailloux  dont 
quelqnes-uns,  de  quartz  bien  pur  et  byalin  tels  que  ceux  que  Ton  trouve  an  Grand-etang  dans 
le  Savin  des  ckauves-souris  et  ailleurs  et  que  quelques  persounes  ont  fait  tailler  et  monteren 
bijoux ;  a  cetto  piofondeur,  I’eau  a  attaint  pres  d’un  metre  audessus  du  sol  et  a  ddverse 
Idgeremont  quelques  minutes  seulement,  pendant  lo  travail,  puis  est  redesoendue  a  70  cen¬ 
timetres  plus  bas, 

A  46  metres  les  cailloux  deviennent  plus  rares,  le  gros  sable  est  mele  do  sable  fin,  gris, 
fluid,  du  genre  de  celui  rencontre  preeedemment  a  33  metres.  Le  travails  devient  tres- 
lent  quoique  nous  nous  servions  d’un  treuil  simple  pour  la  descents  et  la  montee  de  notro 
cutil.  L  elasticite  de  la  corde  au  gmentant  avec  sa  longueur  (46  metres)  rend  la  manceuvre 
moms  precise  et  plus  peiiible.  Le  tuyau  descend  ditficilement ;  nous  sommes  souvent 
oblige  do  le  soulever  pour  le  descendre  ensuite.  A  mesure  que  nous  penetrons  dans  cette 
couche,  les  cailloux  deviennent  de  plus  en  plus  rares  ;  les  grains  de  sable  sent  tres-gros  et 
presqu  entieremeut  composes  de  debris  de  quartz  hj’aliu  de  2  a  3  millimetres  cubes  de  volume 
environ.  Lean,  pendant  les  moments  d’arret,  monte  tres-leutement  et  s’arrdte  a  30 
centimetres  au-dessus  du  sol.  Nous  titions  a  la  profoudeur  de  46m  60o  lorsque  la  sonde 
nous  ramena  quelques  petits  debris  d’argile  blanche,  en  partio  delayes  dans  I’eau ;  nous 
pumes  cepeudant  en  trouver  un  do  la  grosseur  d’une  noisette  qui  nous  a  j)ermis  d’en 
examiner  les  caracteres  qui  sont  les  suivants  :  elle  ne  fait  pas  effervescence  avec  les  acidcs, 
happe  fortement  a  la  langue  et  pirend  un  poll  admirable  sous  lo  frotteraent  de  I’ougle,  e’est 
du  kaolin.  Les  cailloux  de  quartz  et  les  quelques  debris  d’argilo  indiquent  que  I’alluvion 
les  a  enleves  aux  terrains  tertiaires. 

A  47  metres,  le  grain  du  sable  est  moins  gros  que  preeedemment,  il  ne  contient 
presquo  plus  de  cailloux  roules ;  a  48  metres,  le  sable  de  riviere  est  un  peu  mole  de 
sable  fin  resseniblant  au  sable  do  mer,  il  vient  encore  quelques  fragments  d’argile  blan¬ 
che.  Puis  les  sables  alternent,  tautot  fins,  tantdt  gros  ;  nous  y  remarquons  des  debris 
d’argile  caloiiree  noiratre  et  des  fragments  resseniblant  a  la  briqno  du  pays ;  nous  bdsitions 
cependaut  encore  a  croire  a  la  presence  de  briques  lor.sque  la  sonde  nous  ramena  do  petits  tessous 
de  poterie  commune ;  (nous  doimons  ce  dernier  renseignemont  sous  touto  reserve,  car  il 
pout  se  faire  qu’ils  aient  ete  projetes  du  sol.)  Nous  etions  alors  a  49m  90,  I’eau  so 
teuait  a  60  centimetres  au-dessus  du  niveau  du  sol  quand  tout-h-ooup,  a  la  suite  d’un 
coup  de  sonde,  elle  monta  tre  s-rapidoment  et  de  versa  au-dessus  du  tube  de  retonue  dont 
I’orifloe  etait  a  pres  d’uu  metro  au-dessus  du  niveau  du  sol.  Nous  fimes  suspondre  le 
Bondage  dans  lo  but  de  ne  pas  coutrarier  cetto  nouvelle  nappe  qui  scmblait  se  fairo  jour 
espdrant  qn’olle  doviendrait  spontanement  abondante.  Nous  remarquhmes,  pendant  I’ecoule- 
ment  qui  dura  environ  5  a  6  minutes  et  que  nous  estimons  sup6rieur  a  10  litres  par  minute, 
que  Fean  avait  un  mouvenieut  alternatif  do  montee  et  de  descente  dans  lo  tuyau  :  quand 
I’ecoulement  cessa,  Fean  baissa  rapidement.  Nous  fimes  alors  donner  nn  coup  de  sonde  qui 
ramena  du  gros  sable  meld  de  boulettes  d’argilo  noire  do  la  grosseur  d’un  pois,  puis  toujours 
du  sable  tantot  fiu,  tantot  h  gros  grains  et  par  fois  les  deux  sables  melanges,  souilles 
d’un  peu  d’argile  noire  delayee. 

A  5I  metres,  la  sonde  nous  ramena  des  debris  de  psammite  friable  et  teintde  par  de  I’argile 
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ocreutie,  jaune  et  niMes  de  sables,  do  oailloux  roulds  et  de  quelques  parcelles  de  calcaire 
dur  d’uii  blanc  grisatre.  L’avgile  ooreuse  jauiie  teiute  les  sables  et  I’eau  qui  est  forte- 
luent  jaunatre.  A  ce  moment,  le  travail  cesse  d’avancev  en  profondeur  quoique  la  soupape 
rovieniie  cliaque  fois  entierement  pleine  de  sable.  Ccdui-ci  monte  dans  le  tuyau  dont 
la  longueur  totale  est  de  52m  68  et  le  plomb  de  sonde  n’y  accuse  qu’une  profondeur 
de  5lm  75.  Ces  sables  semblaient  inepuisables ;  apros  deux  jours  entlers  de  travail,  nous 
etions  toujours  an  mSme  point ;  eufin  le  troisieme  jour  la  poussee  du  sable  s’arreta  et 
’outil  put  desoendre  a  la  profondeur  de  52m  68,  L’eau  monta  au  fur  el  a  mesure  que 
nous  degagious  les  sables  et  clle  deveasa  au-dessus  de  notre  tube  par  tons  les  trous 
de  rivet  avec  une  certainc  force;  rextremite  supcrieure  de  notre  tuyau  etait  alors 
dc  niveau  avec  le  sol  environuant.  Un  petit  accident  arrive  S.  notre  soupape  a 
boulet  nous  obligea  de  suspondre  pour  deux  beures  notre  travail.  L’eau  coula  et  sombla 
augmenter  un  peu  et  de  jaunatre  qu’elle  etait,  elle  devint  asse^  limpide’  La  soupape 
etant  repardo,  nous  contiuuAmes  b  degagor  et  il  nous  vint  deux  ou  trois  fois  du  sable 
a  gros  grains  noiratres,  puis  des  debris  do  gros  ferrugineux  (psaramites)  do  couleur 
brun-foncde,  moins  friable  que  preoddemment,  melds  dans  la  masse  de  sable  blanc  b 
gros  grains  Idgeremeut  souilld  d’argile  ocreuse  jaune.  L’eau  augmenta  sensiblement  pen¬ 
dant  le  travail  que  nous  arretames  a  6  beures  du  soir ;  elle  coula  toute  la  nuit  suivante  et  le 
matin  elle  se  trouva  d’une  llinpiditd  parfaite.  Nous  reoueillimes  le  produit  de  cette  source 
dans  un  vase  jangd,  nous  trouvames  que  le  debit  dt.ait  de  48  litres  par  minute.  (10  Septem- 
bre  1877,  8  b.  matin,) 

Voici  les  remarques  que  nous  faisons  sur  I’eau,  elle  est  bonne  au  gout,  sauf  une  saveur 
mdtalliquo  tres-ldgere  qui  tend  a  diminuer  au  fur  et  a  mesure  de  I’ccoulement ;  lo  nitrate- 
d’argcnt  y  produit  un  Idger  image  opalin  et  le  tannin  n’y  donne  aucune  coloration.  La  tem¬ 
perature  de  I’eau  a  I’orifice  du  sondage  est  de  33  degrds  centigr.ides.  Le  point  de  ddverso- 
ment  actuol  est  de  30  centimetres  au-dessus  du  niveau  du  sol  environnaut. 

Nous  continuous  5,  ddgager  le  fond  du  trou  de  sonde  dans  I’espoir  quo  le  debit  auo-men- 
tera  et  nous  avons  fixe  notre  tuyau  pour  I’empecber  de  desoendre  plus  bas. 

Une  secoude  experience  fuite  dans  la  m5me  journde  acousa  un  debit  be  66  litres  par 
minute,  Lo  lendemain  (11  Septembre)  h  8  beures  du  matin,  lo  debit  est  de  90  litres  par 
minute  au  moment  oil  nous  terminons  cette  note;  nous  eousorvons  I’espoir  d’une  nouvelle 
augmentation. 


Pondiobery,  le  11  Septembre  1877. 


C.  POULAIN. 


DONATIONS  TO  THE  MUSEUM. 


Pkom  1st  January  to  31si  March  1880. 
Collection  of  rocks  and  fossils  from  the  Upper  Kurum  Valley. 


Donors. 


Surgeon  Major  J.  E.  Tierney  Aichison, 

Dotanist  to  the  JDurum  Field  Force, 

Stibnite  (antimony  sulpbidc)  from  Embinpilly  on  tbc  Godavari. 


P.  Vanstateen,  Esq. 
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ADDITIONS  TO  THE  LIBRARY. 

Ebom  1st  Januabt  to  SIst  Maech  1880. 

Titles  of  Books.  Donors. 

Abhandlungen  zur  Geologiscben  Specialkarte  von  Elaass-Lotbringen,  Baud  I,  pts.  1-4,  and 
II,  pt.  1,  with  Atlas  (1877  and  1879),  8vo,  Strasbourg. 

The  Steasbueg  Univeesity. 

Abstracts  of  the  Reports  of  the  Surveys  and  of  other  Geographical  Operations  in  India  for 
1877-78  (1879),  8vo,  London. 

India  Office. 

Ball,  V. — Jungle  Life  in  India  (1880),  8vo,  London. 

V.  Ball,  Esq. 

Caeeington,  R.  C. — List  of  Light-houses  and  Light-vessels  in  British  India  on  1st 
February  1880  (1880),  8vo,  Calcutta. 

The  Maeine  Sgevey, 

Daubeee,  M.  a. — Description  Geologique  et  Mineralogique  du  departement  du  Bas-Rhin 
(1852),  8vo,  Strasbourg. 

The  Steasbueg  Univeesity. 

Davies,  D.  C. — A  Treatise  on  Metalliferous  Minerals  and  Mining  (1880),  8vo,  London. 

Encyclopscdia  Britannica,  Vol.  X,  9th  Edition  (1879),  4to,  London. 

Foubes,  Duncan.— a  Dictionary  of  the  Hindustani  Language  (1859),  8vo,  London. 

Fbignbt,  M.  E. — Du  Pheuomene  Erratique  en  Tyrol,  et  particuliereraent  dans  la  valldo  do 
L’Inn  (1846),  8vo,  Strasbourg. 

The  Steasbueg  Univeesity- 

Galloway,  Robebt.— A  Treatise  on  Fuel  (1880),  8vo,  London. 

Gbeen,  a.  it. — Geology  for  Students  and  General  Readers,  2nd  Edition  (1877),  8vo,  London. 

Johnstone,  James  P.  W.,  and  Cameeon,  C.  A.-  Catechism  of  Agricultural  Chemistry  and 
Geology  (1879),  8vo,  London. 

JoEDAN,  James  B. — A  geological  section  shewing  the  order  of  superposition,  &c.,  in  the 
British  Islands  (1879),  8vo,  London. 

Lebsius,  R. — Bcitriige  zur  kenntniss  der  Juraformatlon  im  Unter-Elsass  (1875),  8vo, 
Leipzig. 

The  Steasbueg  Univeesity, 

Lyman,  Benjamin  Smith. — Reports  of  Progress  of  the  Geological  Survey  of  Japan  for 
1878-79  (1879),  8vo,  Tookei. 

P.  W.  Depaetment,  Japan. 

Maekham,  C.  R. — Narratives  of  the  Mission  of  George  Bogle  to  Tibet,  and  of  the  journey 
of  Thomas  Manning  to  Lhasa,  2nd  Edition  (1879),  8vo,  London. 

Mooee,  F.,  and  Hewitson,  W.  C.— Descriptions  of  new  Indian  Lepidopterous  Insects  from 
the  collection  of  the  late  Mr.  W.  S.  Atkinson,  pt.  I,  1  colored  and  1  uucolored 
copy  (1879),  4to,  Calcutta. 

The  Asiatic  Society  of  Bengal. 

Muechibon,  R.  T.-Outline  of  the  Geology  of  the  neighbourhood  of  Cheltenham  (1845), 
8vo,  Loudon. 

E.  Lydekkee,  Esq. 
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Nicholson,  H.  Alxeyne. — A  Manual  of  Palajontology,  Vols.  I  and  II,  2ad  Edition  (1879), 
8vo,  London. 

Nicholson,  H.  Alletne. — On  the  structure  and  aflSnities  of  the  Tabulate  Corals  of  the 
Palieozoic  Period  (1879),  8ro,  London. 

ScHiMPEE,  W.  Ph.,  and  ZiTTEL,  Kakl  a. — Handbuch  der  Palseontologie,  Band  I,  lief  3, 
(1879),  8vo,  Miinohen. 

Stanford’s  Library  Map  of  the  World  on  Mercator’s  projection  (1879),  8yo,  London. 
Thomson,  Sir  Wm.,  and  Tait,  P.  Gl. — Treatise  on  Natural  Philosophy,  New  Edition,  Vol.  I, 
pt.  1  (1879),  8vo,  Cambridge. 

U.  S.  Geological  Exploration  of  the  fortieth  parallel : 

Vol.  II.  Descriptive  Geology  by  Arnold  Hague  and  S.  F.  Emmons. 

Vol.  IV,  pts.  I  and  2.  Pa'ajontology  by  P.  B.  Meek,  James  Hall,  and  R.  P. 
Whitfield  ;  pt.  3.  Ornithology  by  Robert  Ridgway  (1877),  4to,  Washington. 

C.  King,  Esq, 


PERIODICALS,  SERIALS,  &c. 


American  Journal  of  Science  and  Arts,  3rd  Series,  Vols.  XVIII,  No.  108,  and  XIX,  No.  110 


(1879-80),  8vo,  New  Haven. 


The  Editors. 


-Annalen  der  Physik  nnd  Chemle,  New  Series,  Band  VIII,  heft  4,  and  Band  IX,  heft  1  and  2 
(1879-80),  8vo,  Leipzig. 

Anuales  des  Mines,  7th  Series,  Vol.  XVI,  livr.  5  (1879),  8vo,  Paris. 

L’Admins.  des  Mines. 

Annals  and  Magazine  of  Natural  History,  6th  Series,  Vol.  IV,  No.  24,  and  Vol.  V,  No.  27 
(1879-80),  8 VO,  London. 

Athenieum,  Nos.  2720—2732  (1879-80),  4to,  London. 

Arohiv  fill' Naturgeschiohte,  Jahrgang  XL V,  heft  4  (1879),  and  Jahrgang  XLVI,  heft  1 
(1880),  8vo,  Berlin. 

Beiblatter  zu  den  Annalen  der  Physik  nnd  Chemie,  Band  III,  No.  12,  and  Band  IV,  Nos.  1  and 
2  (1879-80),  8vo,  Leipzig. 

Bibliotheqne  Universelle.  Archives  des  Sciences  Physiques  et  Naturelles,  3rd  Series,  Vol. 
II,  Nos.  11  and  12  (1879-80),  Svo,  Geneva. 

Blbliotheque  Universelle  et  Revue  Suisse,  3rd  Series,  Vol.  IV,  Nos.  11  and  12,  and  Vol.  V, 
No.  1  (1879-80),  8vo,  Lausanne. 

Chemical  News,  Vol.  XL,  Nos.  1046—1049,  and  Vol.  XLI,  Nos.  1050—1058  (1879-80),  4to, 
London. 

Colliery  Guardian,  Vol.  XXXVIII,  No.  988,  and  Vol.  XXXIX,  No.  1001  (1879-80),  fol., 
London. 

Das  Ansland,  Nos.  1—9  (1880),  8vo,  Stuttgart. 

Geological  Magazine,  New  Series,  Decade  II,  Vol.  VI,  No.  12,  and  Vol.  VII,  Nos.  1  3, 
(1879-80),  Svo,  London. 

Iron,  New  Series,  Vol.  XIV,  No.  361,  and  Vol.  XV,  No.  373  (1879-80),  fob,  London. 

Journal  de  Couohyliologie,  3rd  Series,  Vol.  XIX,  No.  4  (1879),  Svo,  Paris. 

Journal  of  Science,  3rd  Series,  Vol.  I,  No.  72,  and  Vol.  II,  No.  75  (1879-80),  Svo,  London.  ^ 

London,  Edinburgh,  and  Dublin  Philosophical  Magazine  and  Journal  of  Science,  5th  Series, 
Vol.  Vlll,  No.  61,  and  Vol.  IX,  No.  65  (1879-80),  Svo,  London. 

Mining  Journal,  with  Supplement,  Vol.  XLIX,  No.  2311,  and  Vol.  L,  No.  2323  (1879-80),  fob, 
Loudon. 
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Titles  of  Bool'S,  Donors, 

Naturai  Novitates,  Nos.  23—25  (1879),  8vo,  Berlin. 

Nature,  Vol.  XXI,  Nos.  528—540  (1879-80),  4to,  London. 

Neues  Jahrbucli  fiir  Mineralogie,  Geologie,  und  Palicontologie,  Band  I,  heft  1  and  2  (1880), 
8vo,  St\ittgai't. 

Pala3ontographica,  Band  XXVI,  lief  3,  and  Supplement  III,  lief  3,  heft  4  (1879),  4to, 
Cassel. 

Paleontologie  Pran^aise.  2nd  Series,  Vegetaux,  Terrain  Jurassique,  lirr.  29  (1879),  8ro, 
Paris. 

Petermann’s  Geographisohe  Mit'.heilungen,  Band  XXV,  No.  12,  and  Band  XXVI,  No.  1, 
(1879-80).  4to,  Gotha. 

Petermaun’s  Geographisohe  Erganzungsheft,  No.  59  (1880),  4to,  Gotha. 

Professional  papers  on  Indian  Engineering,  2nd  Series,  Vol.  IX,  No.  35  (1880),  Sro, 
Koorkte. 

Thomason  College  of  Civil  Engineebing. 

Quarterly  Journal  of  Microscopical  Science,  New  Series,  Vol.  XX,  No.  77  (1880),  8vo, 
Loudon . 

Zeitschrift  fiir  wissenschaftlicbe  Geographie,  Band  I,  heft  1  (1880),  8vo,  La  he. 

Tbe  Editod. 


GOVERNMENT  SELECTIONS,  &c. 

Aden.— Hunter,  Captain  P.  M. — An  account  of  the  British  Settlement  of  Aden  in  Arabia, 
(1877),  8vo,  London. 


Home,  Rev.,  &  Aghi.  Department. 

Assam. — .Report  on  the  Administration  of  the  Province  of  Assam  for  1878-79  (1879),  8vo, 
Shillong. 


Chief  Commu.  of  Assam- 

Bangalore. — Rice,  Lewis. — Mysore  and  Coorg,  Vols.  I  to  III  (1877-78),  8vo,  Bangalore. 

Home,  Rev.,  &  Agri.  Department. 

Bombay. — Gazetteer  of  the  Bombay  Pre-sideucy,  Vols.  HI  and  IV  (1879),  8v'o,  Bombay. 

Home,  Rev.,  &  Agri.  Department- 

British  Burma. — Report  on  the  Administration  of  British  Burma  during  1878-79  (1880)) 
ilsc.,  Rangoon. 


Chief  Commr.  ob'  British  Burma. 

British  Burma. — The  British  Burma  Gazetteer,  Vol.  II  (1879),  8vo,  Rangoon. 

Home,  Rev.,  &  Agri.  Department. 

'Hyderabad.— Meade,  Colonel  Sir  R.  J. — Report  on  the  Administration  of  the  Hydera¬ 
bad  A.ssigned  Districts  for  1878-79  (1879),  tisc.,  Hyderabad. 


Resident,  Hyderabad. 

India.— Accounts  of  the  operations  of  the  Great  Trigonometrical  Surveyor  India,  Vol.  V, 
(1879),  4to,  Calcutta. 


Surveyor  General  of  India. 

Powlett,  Caft.  P.  W. — Gazetteer  of  the  Bikanir  State  (1871).  8vo,  Calcutta. 

Home,  Rev.,  A  Agri.  Dep.artiilnt, 
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Titles  of  Booli.  Donors. 

India.  Hughes,  A.  W. — Gazetteer  of  the  Province  of  Sind,  2nd  Edition  (1876),  8vo). 
London. 

Home.  Rev.,  &  Agbi.  Depaetment. 

„  Huntek,  W.  W.— a  Statistical  Account  of  Assam,  Vol.s.  I,  II  (1879),  8vo,  London, 

Home,  Rev.,  &  Agei.  Depaetment. 

”  n  A  Statistical  Account  of  Bengal,  Vol.  I  (1875)  to  Vol.  XX 

(1877),  (1876-77),  8vo,  London. 

Home.  Rev.,  &  Agei.  Depaetment. 

„  Registers  of  original  ob.servatioiis  in  1879,  reduced  and  corrected  January  1879. 
(1879),  4to,  Calcutta. 

Meteorologicai.  Department. 

„  Reports  of  the  Arclipeological  Survey  of  India,  Vols.  V  (1875),  VII  (1878),  VlII 
(1878),  and  [.V  (1879),  8vo,  Calcutta. 

Home,  Rev.,  &  Agei.  Department, 

„  The  Rajputana  Gazetteer,  Vol.  II  (1879),  8vo,  Calcutta. 

PoiisiGN  Department. 

Madras.— Boswell,  John  A.  C.— A  Mamial  of  the  Nellore  District  in  the  Presidency  of 
Madras  (1873),  8vo,  Madras, 

Home,  Rev.,  &  Asbi.  Department, 

„  Gaestin,  J.  H.— Manual  of  the  South  Arcot  District  (1878),  8vo,  Tiladras. 

Home,  Ret.,  &  Agbi.  Depaetment. 

„  Gazetteer  of  Southern  India  (1855),  8vo,  Madras. 

Home,  Ret.,  &  Agei,  Depaetment, 

,,  Geibble,  J,  D.  B.  Manual  of  the  District  of  Cuddapali  in  the  Presidency  of 
Madras  (1875),  8vo,  Madras. 

Home,  Rev.,  &  Agei.  Department. 

„  Kelsall,  John,— Manual  of  the  Bellary  District  (1872),  8vo,  Madras. 

Home,  Rev.,  &  Agei.  Department, 

„  Mooee,  Lewis.— Manual  of  the  Trichinopoly  District  in  the  Presidency  of 
Madras  (1878),  8vo,  Madras. 

Home,  Rev.,  &  Asri.  Department. 

Report  on  the  Administration  of  the  Madras  Presidency  for  the  year  1878-79 
(1879),  8vo,  Madras. 

Madras  Government. 

„  Smyth,  R.  Brough. — Report  on  the  Gold  Mines  of  the  south-eastern  portion  of 
the  Wynaad  and  the  Carcoor  Ghat  (1880),  flsc.,  Madras. 

Home,  Rev.,  &  Agei.  Department 

Mysore.— Report  on  the  Administration  of  Mysore  for  the  year  1878-79  (1879),  flsc.. 
Bangalore. 


Chiee  Commk.  ot  Mtsoee, 
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Titles  of  Books. 


JDuno-vs, 


Mysore.— Report  on  the  Public  Instruction  in  Mysore  for  1878-79  (1879),  Use.,  Bangalore. 


N.  W.  Peotinces. — Growse,  F.  S.— Matlmra: 
8vo,  Allahabad. 


Chief  Comme.  of  Mysore. 
a  district  Memoir,  pts.  I  and  II  (1874), 

Home,  Rey.,  &  Aoei.  Department. 


Statistical,  descriptive,  and  historical  account  of  the  North-AVest  Provinces, 
Vol.  Y,  Rohilkhand  Division,  pt.  I  (1879),  8vo,  Allahabad. 


Govt.,  North-West  Provinces. 
„  Batten,  J,  H. — Official  Reports  on  the  Province  of  Kumaun  (1878), 

8vo,  Calcutta.  Home,  Rev.,  &  Agei.  Department. 

„  AVihiams,  G.  B.  C.— Historical  and  Statistical  Memoir  of  Dehra  Dun. 

(1874),  8vo,  Roorkee. 

Home,  Rev.,  &  Agei.  Department. 
Punjab. — Report  on  the  Administration  of  the  Punjab  and  its  Dependencies  for  1878-79 
(1879),  8vo,  Lahore. 


Punjab  Government, 


TRANSACTIONS,  PROCEEDINGS,  Ac.,  OF  SOCIETIES. 

Berlin. — Monatsbericht  der  kbnig  Preussischen  Akademie  der  Wissenschaften,  August  to 
November  1879  (1879-80),  8vo,  Berlin. 

The  Academy. 

„  Zeitsebrift  der  Dcutschen  Geologischen  Gesellschaft,  Band  XXXI,  heft  3  (1879), 
8vo,  Berlin. 

The  Society. 

Breslau. — General  Sachregister  der  in  den  Sehriften  der  Schlesischen  Gesellschaft  fiir  vater- 
landische  Cultur,  Von  1804,  his  1876  inclusive  (18787,  8vo,  Breslau. 

The  Society. 

„  Sechsundfiinfzigster  Jahres-Bcricht  der  Schlesischen  Gesellschaft  fiir  vaterlandi.s- 
che  Cnltur  fiir  1878  (1879),  8vo,  Breslau. 

The  Society. 

Brussels. — Bulletin  de  la  Societe  Beige  de  Geographic,  No.  5  (1879),  8vo,  Bruxelles. 

The  Society. 

Calcutta.— Journal  of  the  Asiatic  Society  of  Bengal,  New  Scries,  Vol.  XLVllI,  pt.  I 
No.  4  (1879),  8vo,  Calcutta. 

The  Society. 

„  Proceedings  of  the  Asiatic  Sociely  of  Bengal,  No.  10  (1879),  8vo,  Calcutta. 

The  Society, 

„  Records  of  the  Geological  Survej-  of  India,  Vol.  XIII.  pt.  1  (1880),  8vo,  Calcutta. 

The  Survey. 

Cambridge. — Annual  Report  of  the  Curator  of  the  .Museum  of  Comparativo  Zoology  for 
1878-70  (1879),  8vo,  Canihrklge. 


Museum  op  Cojiparative  Zoology. 


15H 


liecordi  of  the  Qevhuj'icitl  Surrey  of  hnlta. 


[voi .  xm. 


Titles  of  Boohs.  Donors. 

CAMBEiDaE. — Bulletin  of  the  Museum  of  Comparative  Zoology,  Vol.  V,  Nos,  15  c&  16,  and 
Vol.  VI,  Nos.  1  &  2  (1879),  8vo,  Cambridge. 

Museum  of  Gompaeatite  Zoology. 

Dublin. — Journal  of  the  Royal  Geological  Society  of  Ireland,  New  Series,  Vol.  Ill,  pt.  II 
(1872),  8vo,  Dublin. 

The  Sooietv. 

Glasgow. — Proceedings  of  the  Philosophical  Society  of  Glasgow,  Vol.  XI,  No.  2  (1879), 
8vo,  Glasgow. 

The  Society. 

London. — Journal  of  the  Society  of  Arts,  Vol.  XXVIII,  Nos.  1410 — 1424  (1879-80),  8vo, 
London. 

The  Societa'. 

„  Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland,  Vol.  IX, 
No.  1  (1879),  8vo,  London. 

„  Journa,!  of  the  Iron  and  Steel  Institute,  N^os,  1  and  2,  1879,  and  List  of  Alembors 
(1879),  8vo,  London. 

The  Institute. 

„  Palaiontographical  Society’s  publications,  Vols.  XXXII  and  XXXIII  (1878-79), 
4to,  London. 

„  Proceedings  of  the  Royal  Geographical  Society,  New  Series,  Vol.  I,  No.  12,  and 
Vol,  II,  No.  1  (1879-89),  8vo,  London. 

The  SociETi’. 

„  Proceedings  of  the  Royal  Society  of  London,  Vol.  XXIX,  No.  198  (1879),  8vo, 
London. 

The  Society. 

„  Quarterly  Journal  of  the  Geological  Society  of  London,  Vol,  XXXV,  No.  140,  and 
Li.st  for  1879  (1879),  8vo,  London. 

The  Society, 

Madrid.— Boletin  de  la  Sociedad  Geograflca  de  Madrid,  Vol.  VII,  Nos.  2,  6,  and  6  (1879). 
8vo,  Madrid. 

The  Society. 

Manchester. — Transactions  of  the  Manchester  Geological  Societ}',  Vol.  XV,  pts.  X  and  XI 
(1878),  8vo,  Manchester'. 

The  Society. 

Melbourne. — Reports  of  the  Mining  Surveyors  and  Registrars  for  quarter  ending  30th 
September  1879  (1879),  Use.,  Melbourne. 

Mining  Department,  Victoria, 

Montbf.al.— Geological  Survey  of  Canada.  Report  of  progress  for  1877-78,  with  maps 
(1879),  8vo,  Montreal. 

Geological  Survey  of  Canada. 

Neuchatel, — Bulletin  de  la  Societe  des  Sciences  Naturclles  de  Neuchatel,  Vol.  X^I,  pt.  3 
(1879),  8vo,  Neuchatel. 


The  Society. 
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New  Zealand. — Colonial  Museum  and  Geological  Survey  of  New  Zealand.  Eeports  of 
Geological  explorations  during  1878-79  (1879),  8vo,  New  Zealand. 

Geol.  Suevey  of  New  Zealand. 

Philadelphia.— Journal  of  the  Franklin  Institute,  3rd  Series,  Vols.  LXXVIII,  No.  6, 
and  LXXIX,  Nos.  1  &  2  (1879-80),  8vo,  Philadelphia. 

The  Institute. 

Pl-SA. — Atti  della  Societa  Toscana  di  Scienze  Naturali,  Process!  Verbal!,  11  gennaio  (1880), 
8vo,  Pisa. 

The  Society. 

Rome. — Atti  della  E.  Accadeinia  dei  Lincei,  3rd  Series,  Transiniti,  Vol.  IV,  Nos.  1  &  2  (1880), 
4to,  Rome. 

The  Academy. 

Salem. — Bulletin  of  the  Essex  Institute,  Vols.  X,  Nos,  1-12  (1878),  and  XI,  Nos.  1 — 9  (1879), 
8vo,  Salem. 

The  Institute. 

SiNGAPOEE.— Journal  of  the  Straits  Branch  of  the  Eo5'al  Asiatic  Society,  No.  3  (1879),  8vo 
Singapore.  ’ 

The  Society. 

Stockholm. — Blomberg,  A. — Praktiskt  Geologiska  Undersokningar  inom  Hcrjedalen  Och 
Jenitland  (1879),  8vo,  Stockholm. 

Geol.  Survey  op  Sweden 

„  Lindsikom,  a.— Praktiskt  Geologiska  lakttagelser  (1879),  8vo,  Stockholm. 

Geol.  Survey  or  Sweden. 

„  Linnaesson,  G.— Om  Faunan  i  lagren  med  paradoxides  Olandicus  (1877),  8vo, 

Stockholm. 

Geol.  Survey  of  Sweden. 

„  Linnaesson,  G.— lakttagelser  ofver  de  Graptolit  forande  skiffrarne  i  skano 

(1879),  8vo,  Stockholm. 

Geol.  Survey  of  Swede^. 

„  Linnaesson,  G. — Om  Faunan  i  kalken  med  Conocoryphe,  Bxsulans  (1879), 

8vo,  Stockholm. 

GeoL.  Survey  of  Sweden. 

„  Nathoest,  a.  G.— Om  Floran  i  skanes  Kolforande  Bildningar,  Vol.  I,  pt.  2 

(1879),  and  Vol.  II  (1878),  4to,  Stockholm. 

Geol.  Survey  of  Sweden, 

„  Sverigps  Geologiska  ITnder.sokning,  Nos.  4,  5,  68,  69.  71,  &  72  (1879),  8vo 

Stockholm. 

Geol.  Survey  of  Sweden, 

Sydney. — Annual  Report  of  the  Department  of  .Vines,  New  South  Wales,  for  1878  (1879) 
4to,  Sydney. 


Defahtmeni  of  Mines.  N.  S.  AV, 


Becordu  of  the  Geotuyical  Surrey  of  India. 
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Titles  of  Boohs.  Donors. 

Tasmania. — Papers,  Proceedings,  and  Report  of  the  Royal  Society  of  Tasniania  for  1878 
(1879),  8vo,  Tasmania. 


The  Society. 


Tuein.— Memorio  della  Reale  Accademia  delle  Scienze  di  Toilno,  2nd 
(1879),  4to,  Torino. 


Series,  Vol.  XXXI 
The  Academy. 


A^ienna. — Ahliandliingen  der  kais.  kdnig.  Geologisclicn  Reichsanstalt,  Rand  A^II,  heft  5 
(1879),  Ito,  AATen. 

The  Institute. 

,.  Jahrbnch  der  kais.  kdnig.  Gcologischen  Reichsanstalt,  Band  XXIX,  No.  3  (1879), 
8 VO,  AATen. 

The  Institute. 

„  \ierhandluiigeu  der  kais.  konig.  Geologischen  Reichsanstalt,  Nos.  10—10  (1879)^ 
and  Nos.  1—3  (1880),  8vo,  AVien. 

The  Institute 

AVashington.— Bulletin  of  the  U.  S.  Geological  and  Geographical  Survey  of  the  Terri¬ 
tories,  A^ol.  V,  N'os.  2  &  3  (1879),  8vo,  Washington. 

The  Suevey. 


A’^okoiiama. — Transactions  of  the  Asiatic  Society  of  Japan, 
Yokohama. 


A^ol.  VIII,  pt.  1  (1880),  8vo, 
The  Society. 


ZuEiCH.— Neujahrshlatt  von  der  Naturforschen  den  Gesellschaft,  No.  LXXXI  (1878),  4to, 


Ziirioh. 


The  Society. 


ATerteljahrsschrift  der  Nathrforschenden  Gesellschaft,  Jahrgang  XKIII,  heft  1  4 

(1878),  8vo,  Zurich. 


The  Society. 


RECORDS 


OF  THE 

GEOLOGICAL  SURVEY  OF  INDIA. 


Part  3.]  1880.  [August. 


The  Kumaun  Lakes,  iy  W.  Theobald,  Deputy  Stiperintendent,  Geological 

Survey  of  India, 

I  cannot  better  preface  my  own  notes  on  tbe  Kiimaun  lakes,  than  by  briefly 
adverting  to  the  views  regarding  their  origin,  propounded  by  my  colleague 
Mr.  Ball  in  the  Becords  of  the  Geological  Survey,  Vol.  XT,  part  2,  page  1?4 ; 
since  differing  so  essentially,  as  I  do,  from  them,  it  will  be  more  convenient  to  spe¬ 
cify  at  the  beginning  wherein  this  divergence  of  ojiinion  consists,  than  to  break 
the  thread  of  my  own  description  by  constantly-recurring  allusions  to  Mr.  Ball’s 
paper. 

I  make  no  affectation  of  approaching  the  discussion  of  the  vexed  question 
of  the  origin  of  the  Kumaun  lakes  without  any  bias  for  any  particular  theory, 
since  believing,  as  I  do,  in  the  strongly  presumptive  universality  of  glacial 
conditions  during  the  great  ice  age,  the  result  of  cosmical  rather  than  local 
cau.ses,  it  would  be  absurd  in  mo  to  disavow  any  expectation  of  finding  ti'aces 
of  such  conditions  within  tlie  llimalayan  region,  of  all  others,  or  to  deny  that 
such  conditions  may  not  be  hold  to  afford  a  plausible  prfM«/ocie  explanation 
of  the  origin  of  these  lakes,  deserving  of  all  our  resj^ect,  till  it  can  bo  demon¬ 
strated  that  such  a  presumption  is  eiToncous.  Such  an  error,  supposing  it  to  bo 
one,  is,  or  should  bo,  very  capable  of  disproof,  and  I  understand  Mr.  Ball’s  paper 
to  be  such  an  attempted  disproof,  but,  in  my  opinion,  an  unsuccessful  one. 

The  Kumaun  lakes  have  so  many  points  of  resemblance  in  common,  both 
as  regards  elevation,  physical  surroundings,  and  geogi-axdiical  arrangement,  that 
it  seems  not  unreasonable  to  assume  a  common  origin  for  them  all,  so  that  I  shall 
attach  less  importance  to  the  elucidation  of  the  histoiy  of  those  presenting  ob¬ 
scure  features,  than  to  the  endoa-\'our  to  establish  satisfactorily  the  origin  of  one 
or  more  of  thorn  ;  and  I  herein  differ-  from  Mr.  Ball,  in  that,  whilst  he  can  discern 
no  conclusive  proof  of  glacial  action  in  any  of  those  visited  by  him,  I  consider 
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the  case  fairly,  not  to  say  strongly,  made  out  as  regards  some,  and  capable 
of  being  extended  by  analogy,  and  in  default  of  any  sufficient  reason  to  the 
contrary,  to  all. 

Mr.  Ball  (p.  176  /.  r.)  commences  by  dividing  the  Kumann  lakes  into  three 
classes  “  having  certain  features  mutually  in  common,”  but  unfortunately  without 
specifying  what  these  features  are ;  an  omission  which  must  be  my  excuse  if 
I  fail  in  consequence  to  do  justice  to  my  colleague’s  views  on  the  subject. 
Passing  to  the  consideration  of  Naini  Tal  (of  which  a  pretty  lithographed 
sketch  is  given)  Mr.  Ball  seeks  to  controvert  the  views  of  those  who  attri¬ 
bute  a  glacial  origin  to  its  basin,  but  quite  unsuccessfully,  I  think.  Whether 
this  lake  really  lies  in  a  tx'uo  ice-cut  basin  or  basins,  is  certainly  not  established 
or  likely  to  bo  so  by  actual  jrroof,  unless  the  lake  is  ever  drained,  a  contingency 
which  may  be  dismissed  from  present  consideration,  though  if  Mr.  Ball’s  section 
of  its  basin  represents  the  general  contour  of  its  bottom,  and  not  the  contour 
along  a  single  line  only,  there  is  the  strongest  presumption  in  favour  of  its  gla¬ 
cial  origin.  I  do  not,  however,  think  it  neces.sary  now  to  dwell  at  any  length 
on  Mr.  Ball’s  speculations  as  to  the  probable  nature  of  the  bottom,  but  there  is 
one  I'cmark  of  my  colleague  touching  the  mode  in  which  the  rock  basins  (sup¬ 
posing  them  to  exist)  have  been  pi'odueed,  which  indicates  so  absolute  a  diver¬ 
gence  from  the  current  ideas  respecting  the  modus  operandi  of  ice  action,  that 
I  do  not  like  to  pass  it  without  remark.  Mr.  Ball’s  words  arc  (p.  176  I.  c.)  “  sup¬ 
posing  it  to  be  so,  the  twin  basins  might  be  readily  explained  by  the  hypothesis 
that  they  had  been  successively  excavated  by  the  retreating  end  of  a  glacier.” 
This  is  perfectly  unambiguous  as  far  as  language  goes,  but  does  Mr.  Ball  really 
suppose  that  a  glacier  ever  moves  backwards,  and  if  not,  then  what  does  he 
mean  by  the  above  words  ? 

A  glacier  does  its  work  by  its  weight  and  momentum ;  its  movement  is  sole¬ 
ly  forwards,  not  necessarily  downwards,  but  simply  forwards,  and  away  from  the 
direction  of  its  source.  The  “  retreating  end  ”  of  a  glacier,  therefore,  cannot 
excavate  in  any  degree,  or  add  in  its  I'ctreat,  to  the  work  it  had  already  per¬ 
formed  in  its  advance ;  since  the  word  “  retreat  ”  does  not  involve  here  any  sense 
of  rctrui/nuh  motion,  but  simply  a  contraction  of  the  dimensions  of  the  glacier 
induced  by  the  operation  of  climatal  causes.  As  the  end  of  a  jet  of  water  retreats 
as  the  pressure  under  which  the  jet  issues  is  diminished,  without,  however, 
the  particles  which  compose  the  jet  losing  their  forward  motion  (though  its 
amount  may  bo  reduced),  so  it  is  with  a  glacier,  and  I  am  therefore  at  a  loss  to 
know  Avhether,  in  the  passage  cpioted,  my  colleague’s  words  correctly  express  his 
meaning.^ 

I  do  not  consider  either  that  Mr.  Ball  has  been  particularly  felicitous  in  his 
cfl’orts  to  dispose  of  the  argument  adduced  by  Mr,  H.  B.  Blanford  for  the  glacial 
origin  of  the  lake,  frxxm  the  peculiar  sluipe  of  the  basin,  and  the  character  of  its 
sides,  unbroken  by  subordinate  ridges  and  spurs. 

'  Mr.  Biill  uuiy  pcrhiips  be  creditoil  witli  tbo  nioiuiing  liis  worck  would  suggest  to  most  of  bis 
rcndoi's — tliat.  tlie  upper  biisin  hud  been  cut  alter  the  gUieier  bad  retreated  trom  its  position  ol 
nia.ximum  exteusion. — II.  B.  M. 
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Mr.  Ball  observe!?: — “  Jt  i.s  time  tliat  there  are  no  snborclinato  rirlgos  and 
spurs,  but  such  is  not  uncommonlj^  found  to  be  thes  case,  where  valleys  run  with 
the  strike  between  hard  beds,  bounding  softer  ones,  which  have  been  eroded  to 
foi’m  the  valleys.”  The  picture  here  drawn  is  suggestive  of  some  groat  synclinal 
valley  in  Vindhyan  sandstones,  or  in  some  similar  group  characterised  by  the 
parallelism  and  unbroken  character  of  its  bods,  atid  there  arc  doubtless  many 
valleys  which  might  have  ‘  sat  for  the  portrait,’  but  the  entire  force  of  the  argu¬ 
ment,  as  here  used,  depends  on  its  applicability  to  the  Naini  basin.  Of  course,  by 
introducing  it  in  this  connection,  iMr.  Ball  implies  that  it  is  ajiplicable, — a  view 
which  I  am  wholly  unable  to  coincide  in.  jMr  Ball,  however,  having  created  the 
impression  which  the  above  sentence  i.s  calculated  to  convey,  nowhere  else  lays 
special  stress  on  the  parallelism  of  the  strata  bounding  the  basin,  but  speaks  of 
them  as  in  places  “much  contorted  and  broken,”  and  of  the  limestones  “near  tbc 
depot”  forming  “ii'rcgnlar  lenticular  masses,  not  as  beds.”  Tlio  fact  is,  the  valley 
wherein  Naini  Tal  nestles  is  surrounded  by  rocks,  l  arj  ing  greatly  in  structure, 
such  as  splintery  scliists,  and  massive  limestones,  wbicli  agree  in  one  character 
only,  that  of  being  veiy  disturbed,  as  regards  tbeir  sU'atigraphical  arrangement, 
and  muob  cruslied  and  incclianically  disintegrated  as  regJirds  tbeir  petrological 
condition.  This  last  condition  (certainly  one  not  unfavmurablc  to  the  production 
of  spurs  by  denudation)  causes  the  hill  sides  to  he  much  marked  by  debris 
(landslips  pci’liaps  Mr.  Ball  would  say),  washed  down  ov'cr  them,  hut  iu  the 
shallow  road  cuttings  along  the  ‘  Mall,’  the  true  arrangement  of  the  strata  may 
he  seen,  not  as  might  bo  inferred  from  Mr.  Ball’s  words,  with  a  suz’face-plane 
and  strike,  coinciding  with  the  axis  of  the  valley,  but  revealing  highly  disturbed 
beds,  with  their  ends  truncated  at  various  angles  by  the  surface.  Opinions  may 
differ  as  to  the  value  of  the  evidence  in  question,  but  the  stratigraphical  idea 
which  Mr.  Ball’s  words  convey  is  certainly  not  that  most  obviously  indicated  on 
tlie  ground.^ 

Mr.  Ball  also  alludes  to  “  the  rigid  trap  axis  ”  of  the  hill,  but  this  feature 
I  consider  no  less  suppositious  than  the  implied  parallelism  of  the  beds  bounding 
the  lake.  I  was  much  surprised,  after  what  I  bad  read  of  the  lake,  to  see  so 
little  trap  in  its  vicinity,  but  mucli  of  the  rock  iu  the  di.strict  which  might  be  so 
termed  in  a  petrological  sense,  I  should  prefer  to  I’egard  as  an  integral  member  of 
the  schist  group.  Beds  of  this  character  may  occur  in  the  range  in  force,  but  to 
speak  of  them  as  “trap”  without  further  comment,  is,  I  think,  likely  to  mislead, 
especially  in  helping  to  confuse  their  relationship  with  the  eruptive  trap,  propei-ly 
so  called,  so  largely  developed  about  Bbim  Tal  and  Malwa  Tab  IMr.  Ball,  moi'e- 
over,  does  not  very  clearly  explain  in  what  pi'ecise  way  the  presence  of  cither 
bedded  or  eruptive  traj)  confers  rigidity  on  tlie  range  in  question,  and  iu  default 
of  a  fuller  exposition  of  iSIr.  Ball’s  views  on  the  subject,  I  am  unable  to  recognise 
a  greater  amount  of  “  rigidity  ”  in  the  hills  about  Naini  Tal,  tliau  iu  any  other 
bills  in  this  or  any  other  district.  Did  the  ranges  environing  Naini  Tal  consist 

'  To  most  geologists  Mr.  Ball’s  words  would  i  roWMy  suggest  a  valley  of  erosion  on  a  brolieii 
autieliind  flexure:  a  condition  compatible  wllli  wlnit  he  claims]  for  the  cas  ■  and  with  the  facts 
adduced  agiiiiist  it  in  the  text, — H.  B,  M. 
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of  soft  sands  and  clays  banked  up  against  a  “rigid  trap  axis,”  I  could  appreciate 
the  dynamical  apj3ropriatoness  of  the  expression,  but  not  so,  where  the  ranges 
consist  of  schists  and  massive  limestones,  and  the  very  existence  of  a  marked 
or  strongly  differentiated  axis  of  a  more  rigid  character  is,  to  say  the  least,  a 
matter  of  the  purest  supposition. 

Equally  is  Mr.  Ball  at  variance  both  with  Mr.  H.  P.  Blanford  and  myself 
regarding  the  nature  of  the  barrier  at  the  outfall  of  Naini  Tal :  Mr.  Blanford 
and  myself  both  regarding  it  as  a  moraine,  whilst  Mr.  Ball  terms  it  a  landslip  ; 
and  I  may  here  remark  that  to  “landslips”  (so  far  as  I  can  gather)  all  the 
Kumauu  lakes  arc,  in  Mr.  Ball’s  opinion,  duo. 

As  regai’ds  the  particular  case  of  Naini  Till,  it  may  be  seriously  objected  to 
!Mr.  Ball’s  view,  that  the  barrier  is  not  placed  where  the  sides  of  the  valley  are 
steepest,  nor  is  the  slope  sufficient  to  suggest  such  a  cause.  A  general  idea  of 
the  objection  here  taken  by  mo,  may  be  gathered  by  referring  to  the  sketch  of  the 
lake  given  in  Mr.  Ball’s  paper ;  but  it  requires  a  personal  knowledge  of  the  ground 
to  realize  how  much  bolder  the  slopes  are  at  other  parts,  where  no  obstructive 
landslips  have  descended,  than  at  the  actual  outfall.  It  may  be  sngge.sted  that 
the  very  descent  of  the  “  slip”  has  itself  lowered  the  slope,  and  modified  the  profile 
of  the  neighbouring  ground,  but  I  do  not  think  such  is  the  case  either  here  or  any¬ 
where  else,  and  I  merely  allude  to  the  notion,  to  prove  that  it  has  not  escaped 
consideration.  A  few  words  will  not  bo  hero  out  of  place,  touching  the  effects 
produced  by  a  ‘  landslip  ’  as  contrasted  with  those  due  to  a  ‘  moraine.’ 

A  landslip  in  its  proper  and  original  sense,  is  a  somewhat  rare  phenomenon, 
(depending  on  certain  conditions  of  surface,  subsoil,  and  drainage),  such  as  the 
‘  undercliff  ’  in  the  Isle  of  Wight,  and  such  cases  as  quoted  in  White’s  ‘  Sel- 
boni'ue’,  but  which  are  rare  in  the  Himalayan  region,  though  not  unknown  in 
the  Salt-range.  The  term  is,  however,  also  applied  to  one  of  the  commonest 
phenomena  in  hilly  regions,  the  descent  from  a  steej)  hill  or  chff,  of  a  mass  of 
rocky  materials,  detached  paidly  by  frost  perhaps  in  the  first  instance,  partly  by 
water  and  partly  by  gravity ;  the  initial  movement  where  the  mass  is  consider¬ 
able  being  possibly  in  some  ca.ses  due  to  an  earthquake.  This  being  the  sort 
of  phenomenon  considered  by  Mr.  Ball  as  being  the  cause  wherefrom  all  the 
Kumaun  lakes  have  originated,  it  is  necessary  carefully  to  consider  how  far  the 
conditions  present  in  such  cases  resemble  or  differ  from  tho.se  connected  with 
moraines,  and  whether  they  are  adequate  to  the  production  of  the  results  attribut¬ 
ed  to  them.  Such  ‘slips’  as  I  now  allude  to  may  be  broadly  divided  into  two 
classes,  namely,  those  which  consist  mainly  of  rocky  fragments,  detached  from  a 
steep  hill  aide,  always  moi’e  or  less  angular  and  often  of  a  large  size,  and  ‘  slips  ’ 
from  ground  where  the  rock  is  more  sandy  or  argillaceon.s,  and  in  which  water  is 
more  or  less  the  prime  mover ;  the  result  being  the  descent,  often  very  gradual,  of 
a  heterogenous  mass  of  mud  and  stones,  whose  power  of  progression  is  regulated 
partly  by  the  slope  over  which  it  moves,  and  partly  by  the  amount  of  fluidity  of 
the  ingp’edients  composing  it.  Slips  of  rock  fragments  of  the  first  class  are,  as  a 
rule,  sufficiently  obviously  connected  with  the  source  whence  they  are  derived, 
and  stand  usually  at  a  considerable  angle,  the  slope  varying,  however,  with  the 
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size  and  cliaractor  of  the  materials  composing  it.  To  no  such  origin  as  this  can, 
I  think,  any  of  the  barriers  of  the  Kninaun  lakes  be  attributed.  ‘  Slips’  of  the 
second  class,  however,  far  more  closely  simulate  a  ‘  moraine,’  but  those  possessed 
of  most  mobility,  from  the  greater  fluidity  of  their  composition,  are  in  the  precise 
ratio  of  such  fluidity  least  ca])ablc  of  withstanding  removal  by  rain,  or  of  boa,r- 
ing  upon  their  surface  craggy  masses  of  rock  such  as  1  should  tm-m  ‘erratics,’ 
and  which,  if  not  numerous,  are  at  all  events  occasional  and  most  signifi¬ 
cant  constituents  of  some  of  the  barriers.  Mr.  Ball  mentions  masses  of  rock 
10  feet  in  diameter,  as  forming  part  of  the  barrier  of  Naini  Tal,  but  this  is  an 
under-estimate,  as  some  of  the  masses  are  double  and  treble  that  size.  They  have 
certainly  not  fallen  from  any  neighbouring  cliff,  nor  are  the  harsh  comminuted 
rocks  in  the  vicinity  of  the  lake  capable  of  forming  a  stiff  mud  on  which  they 
could  have  been  transported,  after  the  fashion  of  a  ‘moraine,  ’  and  the  inference 
I  therefore  draw  from  them  is,  that  they  arc  really  part  of  a  ‘  moraine  ’  and  not 
brought  into  their  present  position  by  any  of  the  ordinary  modes  of  .stream  action. 

Of  Bhim  Tal,  Mr.  Ball’s  account  is  hardly  more  satisfactory,  in  my  opinion, 
than  in  the  case  of  Naini,  with  the  important  exception,  that  he  himself  sees  a  seid- 
ous  objection  to  the  application  to  it  of  the  ‘  landslijJ  ’  theory.  Mr.  Ball’s  woi'ds 
are  :  “  Towards  the  southern  end  of  the  lake  on  the  eastern  side,  there  is  a  boulder 
deposit,  which  extends  along  the  bank,  up  to  a  level  of  porhajjs  10  feet  above  the 
water.”  Now,  this  ^‘boulder  deposit’'  is,  according  to  my  interpi’ctation,  part  of  a 
lateral  moraine  which  descended  from  the  jjeak  above  Sangri  (6,320  feet),  and  in 
conjunction  with  that  of  the  main  glacier  to  the  south,  helped  on  the  diminution 
of  glacial  conditions  lo  block  the  direct  exit  of  the  valley  to  the  south,  thereby 
creating  the  lake.  Mr.  Ball  goes  on  to  add:  “  The  most  remarkable  feature  about 
it,  however,  is,  that  it  is  backed  by  no  high  range  on  the  east,  so  that,  if  derived 
from  a  landslip,  the  materials  must  have  come  from  the  west,  and  of  necessity 
temporarily  filled  up  a  portion  of  the  bed  of  the  lake.’’  I  do  not  see  by  what 
stretch  of  ingenuity  Mr.  Ball  can  defend  the  above  sentence  from  the  charge 
of  very  inadequately  conveying  the  true  state  of  the  case.  The  course  of  the 
lake,  so  far  a.s  the  “  boulder  deposit  ”  extends,  runs  north  and  south.  As  there  is 
no  high  ground  to  the  east,  the  material,  as  ilr.  Ball  owns,  if  the  boulder  deposit 
originated  in  any  way  in  a  landslip,  must  have  come  from  the  west  across  the 
lake,  but  in  so  doing  must  have  obliterated  it  altogether.  To  talk  of  this  as  tem¬ 
porarily  filling  up  a  portion  of  its  bed  is  sim2dy  trifling  with  the  intelligence  of 
the  reader.  There  being  no  scour,  how  does  Mr.  Ball  sujopose  such  a  mass  of 
materials  to  have  been  removed,  and  the  bed  of  the  lake  cleared  of  its  temijorary 
obstruction  ? 

Mr.  Ball  is  further  forced  into  the  admission,  very  remarkable  in  his  mouth, 
wdth  reference  to  this  “  boulder  deposit,”  that  “  its  appearance  suggests  a  moraine,” 
though  this  is  not  very  consistent  with  the  appellation  he  bestows  on  it. 

In  considering,  too,  the  question  of  the  descent  of  a  glacier  down  the  valley 
from  the  north-west,  Mr.  Ball  allows  himself  to  be  influenced  by  a  difficulty 
which  I  confess  I  am  far  too  dull  to  perceive  the  force  of.  So  far  as  T  can  under- 
.stand  it,  the  difficulty,  as  it  presents  itself  to  him,  i.s  the  possible  or  probable 
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prolongation  of  a  spur  of  rock  across  tlie  valley,  wliich,  I  understand  l\Ir.  Ball 
to  argue,  would  be  a  serious,  not  to  say  insm’mountable,  difficulty  in  liis  mind  to 
the  idea  of  a  glacier  ever  having  passed  along  it.  To  me  it  is  nothing  of  the  sort ; 
tor  I  can  conceive  no  sort  or  description  of  spur  blocking  or  constricting  a  valley 
which  could  offer  any  bar  to  the  passage  of  a  glacier :  for  the  jdain  and  simple 
reason,  that  wherever  the  stream  which  originally  excavated  the  valley  could  go, 
a  glacier  could  follow,  and  is,  mor-eovei’,  not  so  bound  by  hydro.statio  laws  as 
water  is  iu  its  fluid  state.  Further  into  the  matter  than  this  I  confess  my 
inability  to  sec. 

Of  Naukatchia  Tal  and  Sath  Tal  Mr.  Ball  expresses  a  confident  opinion  that 
their  shape  and  suri'oun dings  preclude  the  idea  of  glacial  agency  being  concerned 
iu  their  formation,  an  opinion  from  which  I  profoundly  dissent,  especially  with 
reference  to  the  former  lake,  which  I  consider  one  of  the  most  remarkable  lakes 
in  Kumaiin,  if  not  in  the  world,  as  I  shall  endeavour  soon  to  show. 

There  is  one  remark  in  Mr.  Ball’s  “conelusioiis”  (p.  181  of  bis  paper)  which 
I  cannot  pass  without  comment,  as  I  am  jjainfully  compelled  to  own  I  do  not 
realise  its  cogencj'.  The  remark  is  couched  in  the  following  words  : — 

“There  is  one  point  geologically  which  links  the  throe  larger  lakes  together, 
and  that  is  the  occurrence  of  trap  dykes  iu  the  vicinity  of  each.”  Is  it  reasonable 
to  ask  us  to  accept  this  dictum  for  argument  ?  Is  it  not  rather  like  clothing 
with  scion tifio  importance  the  crude  geographical  conceptions  of  honest  Fluellen, 
touching  the  similaritjr  between  Monmouth  and  Macedon,  as  proved  by  their 
both  commencing  with  the  letter  M  .1’  Why,  too,  the  smaller  adjoining  lakes 
should  bo  e.xcluded  from  participation  in  the  argument  supposed  to  accrue  from 
the  presence  of  the  dykes  in  the  vicinity  of  their  lai'ger  brethren,  is  not  obvious. 
However,  my  colleague  goes  on  to  explain  himself  :  “Now,  I  do  not  tliink  it  at 
all  probable  that  the  lakes  are  due  to  the  original  outburst  of  trap,”  an  opinion 
in  which  I  fully  coincide,  considering  that  such  an  idea  is  wholly  beyond 
the  bounds  of  the  wildest  pos.sibility ;  but  my  colleague  at  once  goes  on  to 
add:  “But  it  seems  not  improbable  that  when  the  great  upheaval  and  disturb¬ 
ance  of  the  rocks  of  this  area  took  place,  the  existence  of  comparatively 
rigid  lines  of  trap  may  have  been  largely  instrumental  in  determining  the 
form  which  the  surface  assumed,  and  that  on  their  flanks  the  soft  shales,  &c., 
may  have  been  so  much  crushed  and  broken  as  to  yield  more  easily  to  the 
sub, sequent  operations  of  denudation,  thus  affording  an  abundant  supply  of  mate¬ 
rials  for  landslip, s,  which  ultimately  served  to  close  the  valleys  and  form  the  lakes.” 

The  two  prominent  ideas  here  presented  a, re /rsHy,  that  “  rigid  lines  of  trap  have 
determined  the  form"  of  the  ground  surrounding  the  lakes;  and  secondhj,  that  the 
lakes  are  merely  accumulations  of  water,  dammed  up  by  the  “  abundant  supplg  ’’  of 
soft  shales  washed  off  the  flanks  of  the  ‘rigid  lines  of  trap  ’  in  question.  To  this 
I  can  only  say  that  the  very  existence  of  any  such  “rigid  lines  ”  is  a  matter  of 
pure  supposition  on  Mr.  Ball’s  part,  without  the  slightest  evidence,  so  far  as  I  am 
aware,  in  support  thereof;  and  so  far  from  the  barriers  which  hold  uj)  the  lakes 

'The  preacuoe  of  .m  obstractins  spur  beve  lias  inoro  weight  against  the  glaeial  liypotliesis 
than  tlio  absence  of  such  spurs  at  Naini  has  in  favour  of  it. — H.  13.  M. 
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being  composed  of  ‘  soft  sbtiles,  ’  it  would  be  very  bard  to  find  such  soft  shales 
in  any  of  the  barriers  I  have  examined.  This  is  a  plain  issue.  Are  the  barriers 
mainly  composed  of  soft  shales,  or  is  that  material  mainly  conspicuous  in  them 
by  its  absence? 

Now,  Mr.  Ball  himself  tells  us  nothing  about  “soft  shales  ”  in  the  body  of  hi.s 
paper,  lie  therein  describes  the  hills  surrounding  the  lakes  as  consisting  of 
“shales,”  “quartzites,”  “limestones,”  “  argillaceous  schists,  ”  “  massive  lime¬ 
stones,”  “highly  indurated,  but  slightly  calcareous  mudstones,”  “white  and 
purple  quartzites,”  “greenstone,”  “trap,”  and.eveu  “  granite  and  gneiss  ”  (pos^ 
siblyj  as  members  of  the  rock  series  of  the  district,  but  not  a  word  of  “soft  shales  ” 
till  we  come  to  his  ‘conclusions,’  wherein  they  are  described  as  swathing  his  “rigid 
lines  of  trap,”  and  by. the  “abundant  supply  of  material”  they  have  afforded, 
actually  choking  up  the  valleys,  and  thereby  originating  the  lakes.  In  a  word, 
Mr.  Ball  concludes  that  the  Kumaun  lakes  have  no  conneetion  whatever  with 
former  glaeiers,  but  are  due  to  landslips  operating  on  soft  shale,  and  the  (to  mo) 
somewhat  obscure  influence  of  “  rigid  lines  of  trap.”  My  own  reason  for  re¬ 
garding  these  lakes  as  glacial  I  shall  now  proceed  to  state. 

The  lakes  of  Kumaun  may  be  divided  into  two  groups,*  viz.,  those  which  lie 
in  the  dir-ect  coui'se  of  an  old  glacier,  and  which  may  or  may  not  occupy  an  ice-cut 
basin,  and  those  formed  by  the  occlusion  of  a  valley  by  the  projection  across  it  of 
the  material  of  a  ‘  moraine.  ’ 

Class  1  embraces  Bhim  Tal,  Malwa  Tal,  Naini  Tal,  the  lowest  of  the  Siith 
Tal  group,  and  an  unnamed  lake  above  Khm-pa  Tal. 

Glass  II  embraces  Naukatchia  Tal,  Khurpa  Tal,  Suria  Tal,  and  the  U2)per 
lakes  of  the  Sath  Tal  group. 

The  origin  of  all  is,  however,  identical,  and  putting  aside  all  considerations  of 
rock  basins,  which  I  have  no  immediate  means  of  verifying,  is  due  to  the  obstruc¬ 
tion  of  local  drainage,  caused  by  the  debris  of  old  moraines  on  the  retrocession  of 
the  glaciers  at  the  termination  of  a  glacial  ep)och. 

The  three  jjrinoipal  lakes  of  Kumaun,  Naini  Tal,  Bhim  Tal,  and  Malwa  Tal 
are  situated  in  three  se2)arate,  but  jjarallel  and  adjacent  drainage  areas,  the  axis 
of  each  of  which  has  a  general  south-east  and  north-west  trend.  The  tract  of 
country  comprising  this  area  is  bounded  on  the  north  by  so  much  of  the  hill 
range  as  extends  from  the  vicinity  of  Gragan  peak  (7,865  feet)  on  the  east  to  the 
Deoputhar  2Jcak  (7,989  feet)  on  the  west.  Naini  Tal  lies  a  little  below  a  horse-.shoe 
shaped  ml  de  sac,  between  the  Deoputhar  and  Chini  peaks,  and  is  not  only  the 
largest  (slightly)  of  the  three,  but  the  nearest  to  the  culminating  i-idge,  and  whose 
basin  may  be  said  to  display  more  obviously  than  the  others  the  action  of  ice 
in  its  shap)e  and  character. 

Its  effluent  waters  give  rise  to  the  Balia  river,  which  after  a  short  south-east¬ 
erly  course,  joins  the  Gola  river  a  little  below  Banibagh.  Bhim  Tal  receives  the 
drainage  of  the  heights  north  of  Bhuwali,  from  which  it  bears  exactly  south-easti 
while  7  miles  beyond  it  in  the  same  direction  is  situated  Naukatchia  Till 


For  a  map  tlaj  reader  is  referred  to  Mr.  ISull's  paper  (/.  e.). 
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(the  deepest  of  all  the  lakes  according  to  Mr.  Ball),  the  peculiar  features  of  which 
I  shall  describe  further  on.  Malwa  Tnl  is  simply  an  expansion  of  the  Kalsa  river, 
which  with  a  south-easterly  course  drains  the  Gag-an  peak  and  adjoining  heights, 
the  drainage  of  all  and  the  whole  group  of  associated  lakes  being  ultimately 
conveyed  into  the  Gola  river. 

Bhim  Tal  and  its  neighbour  Naukatchia  Tal  arc  separated  from  Malwa  Tal 
by  a  lofty  range  with  peaks  from  6,413  to  6,320  in  height ;  whilst  from  Naini 
Tal,  Sath  Tal,  and  the  lakes  which  drain  into  the  Balia  river,  they  are  separated 
by  a  somewhat  lower  range  of  only  5,820  feet  in  height. 

The  most  remarkable  lakes  are  Bhim  Tal  and  Xaukatchia  Tal,  and  their 
peculiar  relation  to  each  other  renders  it  desirable  to  consider  them  together. 

Bhim  Tal  &  Nackatchta  Tal. 

Even  the  new  1-inch  maps  of  the  country  give  no  adequate  idea  of  the 
peculiar  features  of  the  di’ainage  of  those  two  lake.s.  For  example,  the  villages 
of  Dhansila  and  Padani  are  situated  on  opposite  sides  of  the  stream  which  con¬ 
veys  away  the  surplus  waters  of  Bhim  Tal,  a  fact  that  it  w'ould  be  impossible 
to  surmise  from  the  map ;  indeed  so  far  as  1  can  make  out,  no  escape  wdiatever  for 
the  surplus  waters  of  Bhim  Tal  is  shown  on  the  1-inch  map.  One  thing  is  ap¬ 
parent  on  the  ground,  and  has  been  noticed  by  Mr.  Ball,  that  the  present  drain¬ 
age  of  Bhim  Tal  does  not  appear  to  be  in  the  same  direction  as  that  it  originally 
pursued,  and  I  would  extend  the  remark  to  Naukatchia  Tal  as  well.  Bhim  Tal 
and  Naukatchia  Tal  both  stand  in  the  same  general  south-east  line,  but  the 
actual  drainage  lino  betw'een  them  is  slightly  deflected  on  one  side  by  the  ridgo 
on  which  DhLsila  stands.  At  present  the  surplus  waiters  of  Bhim  Tal  make  their 
escape  about  the  centre  of  the  lake  on  its  cast  side,  flowing  under  Dhansila  (that 
is,  to  the  north-east  of  it)  with  a  prevailing  south-east  course  as  ah-cady  stated. 
But  there  can  bo  very  little  doubt  that  the  original  exit  of  the  waters  of  the  main 
valley,  of  which  a  submerged  section  now  constitutes  the  present  lake,  was  direct- 
Iv  to  the  south  and  to  the  w'ost  of  Dhansila  instead  of  to  the  north-east  of  that 
village.  My  explanation  of  course  is,  that  the  escape  waters  found  a  readier 
passage  through  the  lateral  moraine  skirting  the  east  bank  of  the  lake,  than  at 
the  original  point  of  discharge  to  the  south,  through  and  across  not  only  the 
accumulated  materials  of  the  principal  moraine,  but  the  added  accumulations  of 
the  eastern  or  lateral  moraine  (Mr.  Ball’s  GwiLUcr  ’  led  )  and  a  similar  accession 
from  the  western  slopes,  which  all  helped  to  jam  the  throat  of  the  gorge  to  the 
south.  Be  this  as  it  may,  the  surplus  waters  now  find  their  way  beneath 
Dhansila,  flowing  to  the  south-east,  till  at  a  little  loss  than  halfway  to  Nankat- 
chia  Till  they  are  mot  by  the  surplus  waters  of  that  lake,  flowdng  in  an  exactly 
o.iposite  direction  to  the  north-west.  The  hydrographical  situation  is  peculiar, 

notto  say  embarrassing,  but  the  result  is,  that  tlie  united  waters  of  both  lakes 

are  deflected  at  almost  a  right  angle  to  their  joint  courses,  and  flow  to  the  south¬ 
west,  through  a  narrow^  gorge  in  the  trap  ridge  on  which  Dhansila  stands,  into 
the  Gola  river,  llosuming  our  course,  from  the  abovo  junction,  in  a  south-eastern 
direction,  and  which  would  be  called  down  the  valley,  but  for  the  anomaly  of  the 
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stream  flowing  towards  us,  we  at  last  reach  Naukatchia  Tah  i'acing  still  to  the 
south-east,  we  have  on  our  left  the  lofty  range  separating  the  valley  from  Malwa 
Tal  and  on  our  right  the  low  range  on  which  Dhansila  and  Sirori  are  built.  In 
front  of  us  is  Naukatchia  Tal,  and  beyond  Naukatchia  Tal  the  valley  comes  to  an 
abrupt  end,  and  a  very  remarkable  one. 

As  in  the  case  of  Bhim  Tal,  so  in  the  present  instance  the  original  and 
natural  course  for  the  surplus  waters  of  Naukatchia  Tal  would  seem  to  be  to  the 
south  straight  into  the  Gola  river,  a  distance  of  but  a  little  over  6  miles,  instead 
of  which  they  reach  the  Gola  by  a  circuitous  coui’.se  of  16  miles,  the  first  4 
of  which  seem  a  reversal,  as  far  as  direction  goes,  of  the  original  drainage  of  the. 
valley.  The  main  obstruction,  looking  across  the  lake  in  a  south-east  direction, 
is  a  low  hill,  somewhat  centrically  situated,  and  which  is  evidently  composed  of 
rock  in  situ.  On  the  left  this  hill  is  united  with  the  Mahragaon  range  by  slop¬ 
ing  ground,  much  masked  by  detritus  from  the  heights  above,  along  which  the 
road  from  Bhim  Tal  to  Malwa  Tal  is  carried.  Here,  too,  I  think,  there  is  little 
doubt  that  the  valley  is  closed  to  a  higher  level  than  the  lake,  by  rock  in  situ,. 
On  the  right  hand  side,  however,  of  the  central  hill,  such  does  not  appear  to 
be  the  case,  and  on  this  side  would  seem  to  be  the  oi’iginal  and  natural  outlet 
of  the  lake,  or  of  the  valley  prior  to  the  conversion  of  paid  of  it  into  a  lake. 
The  only  obstacle  here  interposed  between  the  waters  of  the  lake  and  a  precipitous 
valley  leading  straight  down  into  the  Gola  river,  is  what  I  may  designate  as  a 
causeway,  wherein  I  could  detect  no  rock  in  situ,  and  which  resoqablcs  nothing 
more  than  a  railway  embankment  connecting  the  central  hill  with  the  opposite  or 
south-west  side  of  the  valley.  This  bank  which  might  be  (not  that  I  wish  to  infer 
that  it  is  of  artificial  origin)  is  not  50  feet  broad  at  tlie  top  and  forms  the  watershed 
between  Naukatchia  Tal  at  its  immediate  foot  on  ono  side  and  a  sheer  descent 
into  the  Gola  river  on  the  other;  it  has  no  appearance  of  a  ‘landslip’  and 
any  slip  from  the  central  hill  would  take  place  rather  to  the  south-east  which 
is  its  precipitous  side  than  to  the  south-we.st  where  this  bank  connects  it  with  the 
high  ground  opposite.  The  waters  of  the  lake  actually  rest  against  this  bank, 
without  any  intermediate  catchment  area  in  that  quai'ter,  and  yet  the  lake  is  a 
deep  one.  If,  then,  this  bank  is  not]  a  ‘  landslip,  ’  there  seems  no  resource  left 
but  to  regard  it  as  a  moraine,  which  crossed  the  valley  at  right  angles  from 
the  heights  behind  Mahragaon,  thereby  creating  the  lake  by  obstructing  the 
drainage.  Every  collateral  consideration  favours  this  view.  In  the  first  place, 
we  must  remember  that  there  is  every  reason  to  suppose  (as  remarked  by  Mr. 
Ball)  that  the  original  course  of  the  stream  (and  in  my  view,  of  the  glacier 
subsequently)  through  Bhim  Tal  was  out  and  through  its  extreme  southern  end. 
Then  the  ground  between  Bhim  Tal  and  Naukatchia  TM  is  so  open  and  level  as  to 
suggest  the  possibility  of  its  having  been  once  continuously  covered  by  a  lake 
embracing  in  its  limits  both  the  existing  lakes,  and  that  the  spot  below  Dhansila, 
where  the  escape  waters  from  both  lakes  meet,  was  originally  a  low  water-parting 
between  them.  On  the  supposition  that  the  lakes  were  once  united,  this  reversal 
of  conditions  is  easily  understood.  The  lakes  being  both  simultaneously  and 
similarly  blocked  at  their  natural  outlet  to  the  south,  continued  to  rise  and 
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spreail,  till  their  united  waters  discovei’ed  the  weakest  part  of  the  barriers  enclos- 
ing  them.  This  was  at  Dhansila,  which  at  once  became  the  point  of  dischai’ge 
for  their  joint  waters,  the  constant  cirtting  action  of  which  has  resulted  in  the 
features  the  ground  now  displays.  Whilst  then  the  glacier  of  Bhim  Tal  was 
descending  west  of  13hansila,  the  glaciers  descending  from  the  heights  between 
Mahi-agaon  (behind  Naukatchia  Tal)  and  Padani,  wei’e  pushing  straight  across 
the  ground  immediately  below  them,  with  the  result  that  the  Padani  glacier 
cut  through  the  trap  ridge,  and  initiated  the  channel  by  which  the  waters  of 
both  lakes  esca]ie,  whilst  the  Mahragaon’  glacier  pursued  a  parallel  couivse 
west  of  Sitalahat,  its  ‘moraines’  serving  to  impound  the  drainage  between 
Padani  and  ifahragaon,  thereby  creating  Naukatchia  Tal. 

The  point  of  supreme  intei’est  of  course  is,  why  a  cii’cuitmrs  exit  across  a 
hard  trap  ridge  should  have  been  selected  by  the  waters  of  both  lakes  in  jDre- 
fei’ence  to  a  more  direct  and  undeniably  natural  cotii'se  across  the  apparently 
Aveaker  obstacle  of  a  landslip  or  ‘  boulder  bed.’  As  regards  a  boulder  bed  initi¬ 
ating  a  lake,  I  may  observe  that  eA'ory  Himalayan  gorge  is  full  of  boAilders, 
but  in  no  instance  do  they  giAm  rise  to  lakes.  A  flood  may  throAv  a  bar  of  them 
across  the  channel,  but  the  next  flood  makes  a  clean  SAveep  of  the  obstruction. 
Of  course  the  ‘  boulder  bed’  which  could  be  presumed  to  haAm  given  rise  to  the 
lake  could  not  have  itself  originated  therein,  and  besides  the  Kumaun  lakes,  from 
their  limited  dimensions  and  sheltered  situation,  do  not  produce  hoiilders,  being 
veiy  different  from  those  grand  Italian  lakes 
“  Tu  Lari  maxhne,  tuque 
Fluotihua  et  fremiiu  assurgens,  Benace,  marino,” 
and  in  the  deepest  of  them,  Naukatchia  Tal,  the  sides  may  be  seen  dipping  down 
at  a  steep  angle  and  composed  of  angular  fragments  cAudently  never  disturbed 
by  wave  motion.  The  result  of  my  own  examination  of  the  point  of  exit  of  the 
joint  Avaters  bcloAv  Dhansila  Avas  very  instructive.  At  Dhansila  there  is  no  doubt 
of  the  ridge  Avhereon  it  stands  being  composed  of  rock  in  situ,  but  across  the 
gorge  through  AA'hich  the  stream  passes,  that  is,  exactly  south-east  of  Dhansila,  I 
could  detect  no  rock  in  situ.  The  entire  ground  is  covered  Avith  loose  subangular 
masses  of  hard  trap,  up  to  even  100  feet  girth,  but  no  rock  in  situ  could  I  detect 
after  a  careful  search.  There  are  some  rocks  of  course  Avhich  from  their  com¬ 
position  decompose  so  freely  at  the  sui’face,  that  it  is  not  easy  to  find  a  clean 
natural  section  or  exposure  of  them  ;  but  such  is  not  the  character  of  the  harsh 
intractable  trap  of  Mahva  Tal  and  the  neighbourhood,  such  as  formed  the  bulk 
of  all  the  fragments  here  strCAved  about.  To  me  the  conclusion  was  overAvhelm- 
ing,  that  1  was  on  the  ‘  moraine  ’  of  an  old  glacier  which  had  Avound  past  Dhan¬ 
sila,  and  along  Avhose  channel  the  escape  waters  of  the  two  lakes  had  made 
their  passage. 

The  ice  Avork  of  the  old  glacier,  sawing  its  way  across  the  obstructive  ridge 
at  Dhansila,  renders  it  easy  to  understand  hoAV  the  AA'aters  of  both  lakes,  on 
their  natural  point  of  discharge  being  blocked,  came  to  select  this  point  as  the 

»  That  above  Naukatchia  Wl,  not  the  villags  of  tho  same  name,  north  of  Bhiui  Tal. 


PART  3.] 


Theobald :  The  Kimimn  Lakes. 


171 


easiest  for  tlieir  new  course,  and  sucli  I  believe  to  be  tlie  true  explanation  of  an 
otherwise  puzzling  phenomenon. 

The  only  thing  to  be  said  against  it  is,  that  it  must  stand  or  fall  with  the 
glacial  hypothesis  of  the  origin  of  the  lakes. 

Naini  TXl. 

My  notes  on  this  lake  need  only  be  brief,  as  I  have  already  noticed  the  chief 
points  wherein  I  differ  from  Mr.  Ball  respecting  it.  The  most  important  remark 
I  have  to  make  is  regarding  what  remains  of  the  old  Naini  moiuine.  Of  course 
I  regard  the  barrier  as  virtually  composed  of  old  moraine  materials,  but  imme¬ 
diately  below  the  ‘  barrier  ’  the  ‘  moraine  ’  has  been  engulphed  in  the  steep  gorge, 
down  which  the  escape  waters  of  the  lake  precipitate  themselves  in  their  course 
to  the  Balia  river.  If,  however,  leaving  the  ‘outfall’  of  the  lake,  wo  go  along  the 
cart-road,  till  we  come  in  sight  of  the  Brewery  (Shardb-latti  of  the  1-inch  map) 
and  direct  our  eyes  beyond  it,  we  can  see  a  little  to  the  left  of  it  (and  of  course 
below  it)  a  small  hill.  This  hill,  in  my  opinion,  constitutes  one  of  the  most  pro¬ 
minent  ‘  hummocks’  of  the  old  Naini  ‘  moraine,’  there  still  preserved  intact,  and  in 
situ.  The  stream  which  below  the  ‘  outfall  ’  of  the  lake  has  cut  away  and  engulphed 
the  old  ‘  moraine  ’  in  the  chasm  worn  by  its  wmtors,  has  lower  down  found  an  easier 
channel  to  the  westward,  and  hence  for  some  distance  above  and  below  Suria  Tal, 
the  old  Naini  ‘moraine  ’  still  remains  intact.  Suria  Tal  is  indeed  merely  a  pool 
formed  by  the  local  drainage  being  shut  up  by  the  ‘  moraine  ’  sweeping  past  to 
the  south-west.  The  village  of  Gitia  (which  is  not  marked  on  the  map,  but  lies 
west  of  Suria  Tdl)  stands  on  the  ‘  moraine,’  and  below  it  spreads  a  highly  irre¬ 
gular,  ‘  hummocky  ’  surface,  freckled  over  with  monstrous  angular  blocks  of  lime¬ 
stone,  derived  from  the  Naini  basin  and  constituting  the  actual  ‘  body  and  bones  ’ 
of  the  old  ‘  moraine.’  At  least  this  is  my  idea.  I  confess  I  did  see  a  difficulty 
once,  not  sufficient  to  outweigh  the  evidence  afforded  by  the  physical  character 
of  the  ground,  but  still  a  difficulty,  and  that  was,  that  the  section  displayed  on 
the  river  abreast  of  this  ‘  moraine  ’  was  one  of  ordinary  river  boulder  gravel ; 
very  coarse  no  doubt,  but  not  distinctly  marked  by  the  presence  in  it  of  the  huge 
erratic  masses  which  encumbered  the  surface  a  short  distance  off.  I  did  not  thou 
know  what  my  last  season’s  work  has  jjlaced  beyond  all  question,  that  the  ‘  mo- 
raines,  ’  to  whose  action  I  attribute  the  formation  of  the  Kumaun  lakes,  are  far 
newer  than  the  old  gravels  filling  the  valleys,  and  on  which  old  gravels  they  may 
occasionally  be  seen  to  rest.  I  shall  not  here  enter  further  on  this  important 
discovery,  beyond  saying  that  it  at  once  disposes  of  the  difficulty  I  once  felt  in 
the  fact  of  the  huge  ‘  erratics’  embedded  in  the  ‘  moraines  ’  (as  I  regard  them) 
not  being  seen  in  the  old  gravels ;  but  the  full  discussion  of  this  question  must  be 
reserved  for  another  paper. 

Malwa  TIl. 

This  lake,  if  the  form  of  its  basin  is  less  suggestive  of  a  glacier  than  is  the 
case  with  either  Naini  Tal  or  Bhim  Tal,  is  one  which  it  is,  on  the  other  hand, 
more  difficult  to  regard  as  due  to  a  landslip  than  almost  any  lake  in  Kumaun. 
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It  lies  ill  tlie  direct  course  of  -what  in  the  rains  must  be  a  considerable  riyer,  and 
tbougb  tbe  sides  of  the  valley  are  steep,  they  do  not  so  materially  differ  in  this  or 
any  other  respect  from  other  gorges  in  the  hills  as  to  afford  an  adequate  explana¬ 
tion  why  a  ‘  slip  ’  from  them  of  loose  materials  should  produce  a  result  which  we 
cannot  trace  elsewhere  where  similar  physical  features  prevail.  I  have  already 
dwelt  on  the  point  that  banks  of  shingle  (and  fallen  detritus  from  the  sides  of 
the  valley  would  share  the  same  fate)  do  not  in  Himalayan  streams,  be  they  large 
or  small,  give  rise  to  permanent  lakes,  and  it  is  therefore  difficult  to  understand 
how  Malwa  Tal  comes  to  occupy  the  position  it  does,  save  on  the  supposition  that 
it  lies  in  a  basin  cut  out  of  the  rock  by  a  glacier.  On  the  descent  to  Malwa  Tal 
by  the  road  from  Bhim  Tal  some  very  hai’d  and  massive  trap  is  seen,  and  it 
ap2)ears  as  though  a  band  of  this  rock  crosses  the  valley  just  below  the  lake.  If 
this  supposition  is  cori’ect,  and  if  a  glacier  ever  did  descend  the  valley,  the  natural 
result  would  be  the  formation  of  a  rock  basin  in  the  position  now  occupied  by 
the  lake,  owing  to  the  more  energetic  excavation  effected  by  the  glacier  in  the 
comparatively  softer  rocks  above  than  on  the  hard  band  of  rocks  which  may  be 
considered  as  forming  the  lake  siU  at  its  point  of  discharge.  It  is  true  Mr.  Ball 
declares  no  rock  in  situ  is  there  visible,  but  Avithout  admitting  that  this  fact  has 
been  satisfactoi-ily  established,  or  can  be  by  a  mere  superficial  examination,  I 
would  suggest  that,  considering  the  steepness  of  the  sides  of  the  valley,  we  may 
not  unnaturally  expect  to  find  the  bottom  covered  with  a  considerable  amount 
of  loose  debris,  quite  sufficient  to  conceal  any  exposure  of  rock  at  the  surface. 

From  different  aspects,  therefore,  do  the  three  chief  lakes  of  Kumaun — Malwa 
Tal  on  the  one  hand  and  Naini  Tal  and  Bhim  Tal  on  the  other — give  strong 
countenance  to  the  idea  that  they  one  and  all  originate  from  glacial  agency. 

Khurpa  Tal. 

This  lake,  which  every  traveller  to  Naini  Tal  from  Kaladungi  must  have 
remarked  after  turning  the  corner  of  the  spur  which  descends  from  Deoputhar 
peak,  is  a  little  cocked-hat  sort  of  depression,  immediately  beloAv  the  road,  encir¬ 
cled  by  rather  steep  sides,  and  Avith  no  visible  outlet.  Its  natural  outlet  should 
bo  at  its  northeiTi  end,  and  percolation  through  a  barrier  of  loose  stony  materials 
in  that  quarter  no  doubt  suffices  to  carry  off  its  surplus  waters.  But  what  is  the 
nature  of  this  barrier  ?  The  choice  aA'OAvedly  lies  between  Mr.  Ball’s  theory  of 
lake  formation  in  these  hills  by  “landslips”  and  mine  by  “moraines.”  It  is  to 
be  regretted  that  Mr.  Ball  does  not  seem  to  have  examined  this  lake,  since  it  is 
one  Avhich,  in  my  opinion,  places  the  “  landslip  ”  theory  entirely  ‘  out  of  court.’  In 
tho  case  of  Khurpa  Tsl  the  only  direction  whence  the  materials  of  the  barrier 
almost  encircling  it  could  have  been  derived  by  a  slip  is  from  tho  abrupt  flanks  of 
the  Deoputhar  spur  to  the  north-Avest.  But  the  lake  itself  nestles  at  the  foot  of  tho 
spur  and  occupies  the  position  of  the  hypotenuse  of  the  slope  which  such  a  fall  of 
materials  would  have  created,  and  I  need  hai*dly  point  out,  that  no  forces  of  nature 
coAild  create  a  lake  in  such  a  position,  that  is,  on  the  slope  or  hypotenuse  of  a  mass 
of  fallen  rock.  Rcgai’ding  the  ‘barrier,’  however,  as  a  ‘moraine,’  no  difficulty  is 
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encountered.  Tlie  glacier  wliicli  brought  doAvn  the  ‘  moraine  ’  in  question,  descended 
in  a  soutborljr  direction  from  the  peak  of  7,989  feet,  standing  at  the  head  of  the  Naini 
basin,  and  from  the  opposite  side  from  that  whence  the  Naini  glacier  itself  de¬ 
scended.  The  Talley  traversed  by  this  glacier  (and  along  which  the  road  to  Naini 
from  Kaladungi  winds)  is  towards  its  head  blocked,  or  encumbei’ed  with  a  confused 
mass  of  angular  blocks,  which  in  part  at  least  represents  the  old  ‘moraine,’  though 
the  Deoputhar  ridge  and  the  larputhar  ridge  on  the  opjjosite  side  arc  both  so 
steep  that  avalanches  and  landslips  may  have  largely  added  to  its  original  mass. 
The  progressive  movement,  however,  of  the  bulk  of  this  mass  can,  I  think,  only 
have  been  effected  by  ice,  as  the  blocks  composing  it  arc  so  large  and  angular,  the 
slope  so  high,  and  the  surface  so  incapable  of  generating  a  large  stream,  from  the 
water  sinking  engulphed  in  the  interstices  between  the  blocks,  that  fluviatile 
action  is  impossible.  Some  halfway  down  the  valley,  this  mass,  which  I  designate 
a  moraine,  terminates  in  a  steep  bluff,  precisely  resembling  on  a  large  scale  an 
unfinished  railway  embankment,  and  below  this  lies  the  unnamed  lake  (or  lakes, 
for  the  map  shows  two),  across  the  outlet  sluice  of  which  the  road  is  carried 
towards  Naini  after  passing  Khurpa  Tal.  Below  this  outlet  sluice  tlie  valley 
rapidly  falls  (the  moraine  being  here  probably  engulphed  in  precisely  the  same 
fashion  as  is  the  case  below  the  Naini  outfall),  till  past  the  old  iron  furnace, 
which  stands  nearly  in  its  path,  when  the  usual  and  characteristic  components  of 
a  moraine  are  met  with  in  profusion  all  round  the  .spot  on  which  the  lai’ge 
bungalow,  beyond  the  furnace,  is  built ;  and  it  is  this  moraine  which  intercepts 
a  small  portion  of  the  drainage  from  the  Deoputhar  spur,  and  thereby  gives  rise 
to  the  little  cocked-hat,  dignified  by  the  name  of  Khurpa  Tal,  but  the  interest 
and  value  of  which  as  bearing  on  the  origin  of  the  Kumaun  lakes  is  in  inverse 
ratio  to  its  tiny  dimensions.  There  is  one  point,  perhaps,  which  calls  for  notice  in 
connection  with  the  above  small  unnamed  lakes,  and  that  is,  that  they  lie  directly 
in  the  path  as  it  were  of  the  above  ‘  moraine  ’  (as  I  regai’d  it,  which  I  have 
described  as  terminating  in  a  steep  bluff)  and  occupy  an  intermediate  space, 
comparatively  free  from  large  blocks  between  the  moraine  above  them,  and  the 
similar  heterogenous  assemblage  of  rocky  materials,  met  with  lower  down  around 
Khui'pa  Tab  The  reason  is,  in  my  opinion,  not  far  to  seek  if  we  reflect  on  the 
conditions  under  which  such  a  ‘  moraine  ’  was  formed  in  so  rocky  and  precipitous 
a  gorge  as  that  east  of  the  Deoputhar  ridge.  A  ‘  moraine  ’  is  made  up  in  vary¬ 
ing  proportions,  according  to  the  character  of  the  rocks,  of  materials  projected  on 
to  it  in  a  more  or  less  irregular  fashion  from  both  sides  of  the  gorge  or  valley 
down  which  it  is  slowly  progressing,  and  comparatively  bald  places  may  bo  loft 
on  it,  wherein  few  or  no  large  blocks  may  bo  found.  The  same  aspect  of  the 
surface  may  also  be  induced  by  the  filling  up  of  irregular  dijis  therein  by 
ordinary  rainwash,  the  silting  up  of  all  interstices  between  the  larger  blocks 
being  the  probable  cause  of  the  small  unnamed  lakes  in  question. 

Sate  Tal. 

The  group  of  Sath  Tal,  or  seven  lakes,  as  the  name  implies,  is  represented  on 
the  map  by  but  throe — namely,  a  small  one  to  the  north,  a  large  one  to  the  south. 
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evidently  compounded  of  two  or  more  contignons  basins  united,  and  a  minute  lake 
to  the  west.  As  in  the  case  of  Bhim  Tlil  and  Naukatchia  Tal  the  drainage  of 
these  lakes  can  only  be  indistinctly  made  out  from  the  map.  The  small  lake  to 
the  west  is  the  lowest,  and  the  drainage  from  the  other  lakes  is  passed  through  it. 
It  is  mainly  i’emarkablo,  as  affording  a  complete  dis]proof  of  the  notion  of  any 
overpowering  rush  of  wmter,  being  the  agent  ■whereby  the  large  blocks  seen  in  the 
barrier  of  the  large  lake  just  above  it  were  brought  down  to  their  present  position, 
as  any  such  rush  of  ■neater  so  laden  with  stones  and  mud  must  have  simply 
obliterated  this  little  hollow,  as  easily  as  a  man’s  thumb  wipes  out  a  spot  of  ink. 
The  barrier  below  it  is  of  large  rough  stones,  fallen  mainly  from  the  hills  adjoin¬ 
ing  it,  which  are  so  permeable  that  they  do  not  allow  its  waters  to  ever  stand  for 
long  at  a  high  level  ;  but  although  thus  peianeable  to  clear’,  or  moderately  turbid 
water,  anything  like  a  moving  flood  of  mud  capable  of  bringing  down  enormous 
masses  of  rock,  must  have  filled  up  the  lake  flush  with  its  barrier,  and  then 
passed  onwards  down  the  gorge.  But  this  obliteration  of  the  tiny  basin  has  not 
occurred,  therefore  no  such  floods  can  have  over  passed  over  it. 

The  uppermost  lake  to  the  north  is  a  little  cocked-hat  of  a  lake  with  steep 
sides  of  loose  materials,  and  without  visible  outlet,  in  this  re.speet  resembling 
Khurpa  Tal.  Its  surplus  w’aters,  however,  find  an  exit  by  percolation  through 
the  barrier  (moraine)  separating  it  from  the  larger  lake,  whose  surplus  waters 
they  join  below  the  barrier.  The  larger  lake  is  created  by  the  obstruction 
caused  by  the  above  baiTier.  This  barrier  is  a  huge  bank  of  earth  and  stones, 
some  of  the  embedded  blocks  of  rocks  measuring  30  or  40  feet  in  girth.  This  mass 
of  materials,  which  I  cannot  but  regard  as  a  ^  moraine,  has  crept  down  from 
almost  due  north,  till  arrested  by  the  hill  whereon  Siloti  stands.  The  impiouuded 
drainage  from  the  eastward  has  consequently  gathered  into  the  form  of  a  lake 
of  very  irregular  shape,  the  escape  waters  from  -udrich  have  scoured  a  passage  for 
themselves,  between  the  termination  of  the  moraine  and  the  mountain  side, 
whereon  it  abuts,  and  ivhoreby  it  became  arrested  and  deflected  to  the  west 
from  its  north  and  south  coui’se.  It  is  an  objection  in  the  mind  of  some,  who 
are  opposed  to  the  idea  of  ice  action,  that  the  ultimate  source  or  head  of  this 
moraine  is  not  quite  a  mile  off.  This,  so  far  from  being  a  valid  obstacle  to  the 
view  adopted  by  me,  is  probably,  as  I  shall  endeavom’  soon  to  show,  the  main 
cause  of  the  very  existence  now  of  the  lake,  and  moreover  such  objector’s  should 
reflect  that  if  a  limited  catchment  area  is  opposed  to  the  genesis  of  a  large 
moraine,  a  fortiori  is  it  incapable  of  giving  birth  to  a  stream  adequate  to  trans¬ 
porting  such  blocks  as  help  to  form  the  barrier  in  question. 

Concluding  Eemarks. 

Having  attempted  in  the  pi’evious  pages  to  establish  a  case  in  favour  of  the 
idea  that  glaciers  have  been  the  proximate  agents  in  the  formation  of  the  lakes 
of  Kumaun,  if  not  by  the  actual  excavation  of  a  rock  basin  in  all  cases,  at  least 
by  the  obstruction,  cairsed  on  their  retrocession,  by  the  largo  accumulations  of 
‘  moraine  ’  matter  abandoned  in  their  wake,  I  would  offer  a  few  words  touching 
some  objections  which  may  be  urged  against  my  views. 
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It  will  not  bo  contonclecl,  I  think,  and  certainly  not  by  myself,  that  tho 
Knmann  district  is  distinguished  cceterk  parihus,  as  regards  climate  or  as  regards 
any  occult  orographical  features,  fi’om  any  similar  and  corresponding  ai’ea  of  the 
Himalayan  region  in  general.  If,  then,  the  Knmann  lakes  arc  duo  to  glaciers, 
and  if  (as  I  hold)  similar  glacial  conditions  extended  far  and  wide  beyond  tho 
limits  of  Knmann,  how  comes  it,  it  may  not  impertinently  be  asked,  that  tho 
entire  Himalayan  region  is  not  similarly  dotted  over  with  lakes,  large  and  small, 
as  in  a  part  of  Knmann  ?  How  comes  a  cause,  exercised  over  so  wide  an  area, 
to  be  attested  by  results  confined  within  such  narrow  limits  ?  For  my  part  1 
frankly  accept  tho  first  deduction,  and  believe  that  tho  entire  Himalayan  region 
was  once  dotted  over  with  lakes,  originating  in  the  same  causes  and  in  tho  .same 
manner  as  those  of  Kuinaun,  but  from  the  physical  or  peti’ological  character  of 
the  rocks  in  the  vicinage  of  the  Kumaun  lakes  they  have  remained  (or  many 
of  them),  whilst  the  great  majority  of  the  lakes  of  contcmporiiry  origin  over  the 
entire  Himalayan  region  have  disappeared  under  the  operation  of  or’dinary  denu¬ 
dational  forces.  Malwa  Tdl  illustrates,  in  my  opinion,  the  process  in  question. 
It  is  one  of  the  largest  lakes  in  Kumaun,  and  possesses  out  of  all  comparison 
the  largest  catchment.  Under  any  circumstances  of  origin,  wo  might  theroforo 
expect  a  barrier  of  corresponding  dimensions.  But  ‘  barrier  ’  there  is  none  save 
the  artificial  sluice  wall.  True,  one  may  potter  about  the  outfall  without  detect¬ 
ing  rock  ill  situ,  but  there  is  nothing  analogous  to  tho  molc-liko  mass  which 
constitutes  tho  ‘  barriers  ’  of  the  other  lakes.  Doubtless  the  reason  is,  the  flood 
waters  of  its  large  catchment  area  have  swept  the  w'holo  away,  and  tho  lake 
O’Wes  its  continued  existence  to  the  fact  of  its  having  been  endowed  with  not 
only  a  barrier,  but  a  true  rock  basin  liko’udso.  Tho  one  has  disappeared,  the 
other  remains.  This,  it  may  bo  alleged,  is  more  supposition,  but  it  is  not 
unwarranted,  I  think,  by  tho  circumstances,  for  other  raison  cV  etre  for  this  lake 
save  a  rock  basin,  I  can  imagine  none. 

The  hard  limestones,  Haps,  and  trap-like  schists,  of  this  part  of  Kumaun 
readily  break  up  into  a  confused  heap  of  fragments  of  all  sizes,  and  tho  fragments 
heaped  together  (as  I  argue  in  the  shape  of  moraines)  form  an  obstacle,  practi¬ 
cally,  in  most  cases,  unassailable  by  the  slender  supply  of  water  passed  over 
them.  In  such  a  case  as  Malwa  Till  'vvitli  its  largo  catchment  area,  tho  ‘barrier’ 
does  go.  In  Naini  TM  and  perhaps  other  instances,  the  said  ‘  barrier  ’  becomes 
attacked  in  places,  and  undercut  and  partially  enguliAed  in  the  chasm  formed 
by  the  stream,  which  is  'nholly  powerless  to  remove  it  in  any  more  direct  fashion, 
whilst  in  the  smaller  lakes,  -with  no  catchment  area  to  speak  of,  beyond  their 
sloping  sides,  we  see  the  pent  up  waters  finding  their  way  out  by  iiorcolation, 
through  the  loose  materials  which  surround  them. 

I  doubt  not  moreover  that  an  additional  argument  and  illustration  of  the 
view  hero  set  forth  will  be  found  when  tho  lakes  high  up  on  the  frontier  of 
Northern  Hazara  come  to  be  examined.  These,  too,  clearly  have  very  small  catch¬ 
ment  areas,  to  which,  as  in  Kumaun,  their  survival  is  probably  due,  but  political 
considerations  at  iiresont  stand  in  tho  way  of  a  European  spending  much  time  in 
the  neighbourhood  of  the  independent  hill  tribes  in  that  qu.arter. 
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On  the  discovery  op  a  Celt  op  Paljiolithic  type  in  the  Punjab,  %  W. 

Theobald,  Geological  Survey  of  India. 

The  celt,  to  -which  this  notice  refers,  is  interesting,  as  being  the  first 
specimen  of  these  articles  yet  discovered  in  the  Panjab,  so  far  as  I  am 
aware.  ‘Chips’  and  ‘  scrapers,’ and  remarkably  fine  ‘  cores  ’  of  chert,  have  been 
found  in  Sind,  but  no  larger  implements.  The  present  celt  is  composed  of  a  pale 
homogenous  limestone,  probably  of  nummulitic  age,  and  presents  a  surface  much 
cori’oded  by  exposure  to  the  atmosphere,  the  stone  of  which  it  is  composed 
being  evidently  of  a  character  to  suffer  materially  from  such  exposure.  The 
shape,  however,  of  the  article  and  the  peculiar  sinuous  edge,  the  result  of  chipping 
from  alternate  sides,  leaves  no  doubt  as  to  its  artificial  character.  It  is,  however, 
so  rudely  formed,  that  many  similar  specimens  might  escape  observation,  save  to 
the  practised  eye  of  one  familiar  with  such  objects,  and  it  is  hoped  that  the 
present  notice  of  this  ‘  find  ’  may  result  in  the  discovery  of  other  specimens. 
It  was  picked  up  by  myself  on  February  21st,  1879,  on  the  surface  of  the  ground, 
exactly  opposite  the  village  of  Shodipur,  on  the  Indus,  25  miles  as  the  crow  flies 
in  a  south-west  direction  below  Attock.  On  showing  the  specimen  to  Kishen 
Singh,  of  the  Geological  Survey,  he  informed  me  he  had  once  picked  up  a  similar 
article  near  Rhotas,  but  being  in  doubt  as  to  its  character,  had  thrown  it  away 
ao-ain.  This  was  unfortunate,  but  I  mention  the  circumstance  to  direct  the 
attention  of  future  observers  to  tlie  probable  occurrence  of  these  articles  in  other 
parts  of  the  Punjab. 


Palj!Ontological  notes  from  the  Karharbari  and  South  Reivah  Coal-fields, 
hy  Ottokar  Feistmantel,  M.D.,  Palceontologist,  Geological  Survey  of  India. 

At  end  of  last  March  and  beginning  of  April,  I  had  an  opportunity  of 
re-visiting  the  Karharbari  coal-field,  and,  thanks  to  the  kindness  of  Mr.  W.  G. 
Olpherts,  O.E.,  F.G.S.,  the  present  manager  of  the  East  Indian  Railway  Com¬ 
pany’s  Collieries,  and  to  the  assistance  of  Mr.  N.  Miller,  Inspector  at  Passerabhia, 
I  could  collect  further  information  regarding  the  comparison  of  the  seams  and 
the  flora  at  the  various  places,  supplementary  to  the  views  advanced  in  my 
Talchir-Karharbari  flora.’  I  had  the  good  fortune  to  collect  numerous  fossils  from 
the  second  seam,  from  which  none  were  hitherto  known.  As  will  be  seen 
hereafter,  this  flora  differs  to  a  certain  extent  from  that  of  the  lower  seam,  and 
it  would  therefore  appear  that,  although  the  parting  between  the  second  and  the 
bottom  seam  is  only  thin,  they  have  to  be  considered  as  distinct.  I  also 
obtained  specimens  from  the  other  seams,  so  it  will  be  well  to  say  a  few  words 
about  each  of  them.  I  shall  do  so  in  ascending  order. 

1.  No.  1  seam — bottom  seam. 

Fossils  from  this  coal  seam  are  enumerated  in  my  flora  from  eight  places, 

^  Pal.  Tudica,  Ser.  XII,  pt.  1,  1879. 
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three  in  tlie  Sei-ampur  area/  and  five  in  the  Karharhari  area®  of  the  field. 
They  come  out  of  the  shales  in  the  roof  of  the  seam. 

It  is  this  seam  which  has  the  greatest  number  of  the  peculiar  fossils,  and  is 
most  closely  connected  with  the  Talchir  group.  Of  the  common  Damuda 
fossils  we  find  Glossopteris,  only  rarely,  and  of  Vedebraria,  only  two  very  small 
fragments  were  met  with  at  one  locality.  No.  5D  shaft,  Passerahhia. 

During  my  recent  visit  to  the  field,  I  did  not  collect  many  fossils  from  the 
bottom  seam,  but  I  happened  to  discover,  amongst  other  rock  specimens  lying 
at  the  manager’s  office  at  Giridi,  two  nice  specimens  of  fossils  which  Mr.  Olpherts 
was  kind  enough  to  present  to  our  Museum. 

One  of  the  specimens  is  from  the  bottom  seam  (No.  6D  shaft)  at  Passerahhia 
(Karharhari),  the  other  from  the  same  seam  (No.  IIA  shaft)  at  Buriadi 
(Serampur). 

I  also  secui'ed  other  duplicate  fossils  from  these  two  shafts. 

There  are  amongst  them — 

Neurojderis  valida,  Pstm.,  from  both  shafts. 

Nogyerathiopsis  liislogn,  Pstm.,  also  from  both  shafts. 

Of  this  latter  the  two  specimens  presented  by  Mr.  Olpherts  are  very  large 
leaves,  the  largest  we  at  present  know  from  India;  they  will  bo  figui’ed  in  a 
supplemental  fasciculus  to  the  Talchir-Karharbari  flora  of  the  Palsnontologia 
Indica ;  the  specimen  from  Buriadi  is  almost  complete,  the  basal  portion  only 
being  broken  off,  while  the  apical  portion  is  perfect.  The  Passerahhia  specimen 
is  although  almost  as  large  as  the  former,  not  so  complete,  a  good  deal  of  the 
apical  portion  being  wanting ;  it  shows,  however,  quite  well  the  chai’acters  of  the 
species,  and  must  originally  have  been  of  a  very  large  size. 

The  sections  of  these  two  shafts,  showing  the  position  of  the  fossiliferous 
shale,  have  been  given  in  my  Talchir-Karharbari  flora,®  to  which  I  now  refer. 

I  have  picked  up  a  few  fossils  at  a  new  locality.  No.  5  shaft,  Jogitand, 
which  also  woi’ks  the  bottom  seam.  I  give  the  section  in  descending  order''’ ; — 


No.  5  shaft,  Jogitand. 

Soil . 

Sandy  brown  clay 

Sandstone  . .  . 

Strong  dark  shale  ......... 

Sandstone  ........... 

Strong  dark  shale  with  bands  of  coal  (includes  representative  of 
2nd  seam) . . 


Xo.  1  seam :  coal 


1’ 

38' 

18' 

5'  9" 

47'  3" 

5'  3"  I  Fossils  from 
tile  base  of 
this  band. 

12' 


Total  .  .  127'  3" 


'  Buriadi  (llA);  Clmnka  (JIos.  16  and  16G  shafts). 

®  Passerahhia  (Nos.  51)  and  5G  shafts) ;  Mathadi  (No.  1) ;  Jogitand  (No.  2)  Domanighat. 
®  Pal.  Indica,  Ser.  XII,  pt.  1,  pp.  36,  39. 

■*  Tliis  and  the  two  following  sections  were  kindly  supplied  by  Mr.  W.  G.  Olpherts. 

C 
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Tlie  fossils  found  represent,  however,  one  species  only  : — 
NdggeratMojjsis  Jvislojpi,  Fstm. 


The  position  of  the  fossiliferons  band  is  the  same  as  in  No.  2  shaft  Jogitand 
(1.  c.  pp.  42,  43)  ;  three  species  were  named  from  this  latter  shaft,  which  are  those 
of  the  bottom  seam  elsewhere. 

We  now  know,  therefore,  fossils  from  the  bottom  scam  from  the  following 


places : — 

Kai’liai'bari  area. 


Serampiir  area. 


Passerabliia,  shafts  No.  5D,  No.  5G-;  Matliadi,  shaft 
No.  1 ;  Jogitand,  shafts  No.  2,  No.  5  ;  Domahni  ghat. 

Buriadi,  shaft  No.  llxi ;  Clmnka,  shafts  No.  16 
and  No.  ]6Gr. 


Tlie  thicknesses  of  the  bottom  seam  at  the  respective  places  are 
11'  (including  3'  partings),  11'  (including  3'  partings),  1.3',  8',  12',  9’,  14', 
9',  12'  6". 

The  coal  belongs  to  the  lowest  hitherto  known  in  India,  and  owes  perhaps  to 
this  circumstance  its  superior  quality. 


No,  2  seam. 


Already  iii  my  Flora  of  the  Talchir-Karharbari  beds  (?.  c.  pp.  39,  40)  when 
quoting  the  sections  of  shafts  Nos.  6D  and  6G-  (Passerabliia),  I  indicated  the 
existence  of  a  second  seam  above  the  bottom  seam,  separated  from  this  latter 


at  both  places  by  a  2'  6"  parting  of  laminated  sandstones  and  shales,  m  which 
the  fossils  of  the  bottom  seam  were  found ;  the  coal  measui-ed  7'  2"  and  7' 
respectively  ;  both  seams  are  worked  together  at  these  places. 

At  Jogitand  this  second  seam  is  much  thinner,  being  2' 6'  in  No.  2  shaft, 
and  being  represented  by  dark  shale  in  No.  5  ;  the  parting  of  black  shale  at  No.  2 
is  2'  5"  thick. 

At  Matliadi  the  second  seam  is  represented  by  only  very  thin  bands  of  coal, 
separated  by  6’  7"  sandstone  and  shale  from  the  bottom  seam.  At  Domahni  ghat 
are  two  outcrops  of  coal,  one  of  which  is  the  second  seam ;  in  the  Serampnr 


area  there  is  also  another  seam  close  above  the  bottom  seam  which  measures  at 
Buriadi  (shaft  llxi)  2'  6",  at  Clmnka  (shaft  16)  7'  6",  and  (shaft  16  G)  6', 
being  separated  from  the  bottom  seam  by  3'  3",  12'  6",  and  6’  6"  sandstone  and 
shale  partings,  from  which  latter  the  fossils  were  procured,  by  which  the  lower 
scam  hero  W'as  correlated  with  the  same  in  the  Karhai’bfiri  area. 


No  fossils  were  up  till  lately  known  from  the  layers  above  the  second  seam,  the 
reason  of  which  certainly  lies  in  the  overlying  rock  at  the  places  mentioned 
consisting  of  sandstone  on  ly,  which  is  very  badly  adapted  for  preservation  of 


plants. 

During  my  recent  visit,  however,  I  just  came  in  time  to  collect  fossils  at 
tw'o  pits  which  work  the  second  seam  separately,  the  bottom  seam  being  not 
reached  yet,  or  not  cut  through,  so  that  I  am  now  able,  for  the  first  time,  to 
introduce  fossils  fx’om  the  second  scam ;  the  two  shafts  are  in  the  Karharbari 
area,  at  Passorabhia,  and  their  numbers  are.  No.  24  (29  new)  and  No.  40  (33 
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new) .  I  shall  name  the  fossils  from  each  separately,  quoting  also  the  sections  of 
the  shafts  to  show  the  position  of  the  fossiliferous  hand. 


No.  24  (29  neiv)  shaft,  Passembhia. 


Section. 

Soil  and  brickwork  .... 

.  31'  4" 

Sandstone  ..... 

.  Ill'  1" 

Coal . 

r  9" 

Sandstone . 

.  .  2'  4" 

Coal  ...... 

2'  8" 

Sandstone . 

.  15'  6" 

Coal . 

1' 

Sandstone  ..... 

00 

Shale  ...... 

.  .  7"  Fossils  found  in 

this  band. 

/■  Coal . 

1'  3" 

V  Carbonaceous  shale  .... 

2" 

)Co.al . 

9" 

2nd  seam  .  Soft,  laminated  bright  coal 

2" 

j  Coal . 

3  4" 

/  Carbonaceous  shiilo  .  .  .  . 

5" 

\  Burnt  coal  (by  trap) 

1'  7" 

Bottom  scam  not  reached. 

Totai. 

.  184'  7" 

The  thicknes.?  of  the  seam  is  therefore  7'  8", 

with  7"  partings  of  shale,  which 

corresponds  well  with  the  thickness  of  the  second  seam  in  the  sections  of  shafts 
Nos.  6D  and  5G'  (Passerahhia). 

The  fossiliferous  hand  in  the  present  shaft  is  the  7"  shale  above  the  coal. 


It  is  v'ery  dark  grey,  very  close,  shale  crowded  w'ith  fossil  loaves,  which  partly 
are  in  so  close  layers  that  it  is  difficult  to  get  an  entire  leaf. 

The  fossils  arc — 

Glossopteris  commtmAs,  Fstm.  Very  numerous. 

Gangamoj^teris  cydo]}ter aides,  Fstm. 

NoggeratMojjsis  hislopi,  Fstm.  Rai’e. 


Shaft  No,  40  (.33  new),  Passerahhia.^ 


Section. 

/Soil  and  brickwork 

.  9'  6" 

\  Sandstone 

,  IS'  3" 

3hd  seam  . 

)  Coal 

,  7'  11" 

'  )  Sandstone  . 

.  . 

.  19'  4" 

/  Shale 

.  1'  2" 

\  Sandstone  . 

.  82'  1" 

Carried  over 

• 

1-* 

1  CO 

1  ^ 

1 

>  Pal.  Indica,  Ser.  XII,  pt.  1,  1879,  pp.  39,  40. 

•  This  section  is  also  otherwise  of  interest,  showing  the  position  of  all  the  three  scams  of  tliis  area. 
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2md  seam 


1st  seam 
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Brought  forward 

.  138' 

3" 

Dark  sandstone  ...... 

.  4' 

11" 

Sandstone . 

.  11' 

10" 

Stony  coal . 

.  2' 

3" 

Sandstone  ...... 

.  10' 

9' 

Stony  coal  ....  .  . 

6" 

Sandstone . 

.  ir 

1" 

Shale  (fossiliferous)  .... 

10" 

'Coal . 

.  1' 

10" 

Carbonaceous  shale  ..... 

2" 

Coal  .  .  . 

.  1' 

1" 

Burnt  Coal . 

.  4' 

Trap . 

1" 

Charred  Coal . 

.  1' 

1" 

Sandstone . 

11" 

Carbonaceous  shale  ..... 

.  2' 

7" 

Sandstone . 

10" 

Shale  ....... 

4" 

Bottom  seam,  stony  and  burnt 

.  3' 

(Seam  not  cut  through) 


Total  .  .  .  202'  4" 


The  fossils  at  this  locality  were  more  various,  and  are  preserved  partly  in  a 
dark  fine,  grained  shale,  and  partly  in  a  more  sandy  rock.  They  are — 

Schizoneura  ?  (probably  ?  gondwanensis) — two  specimens,  rather  badly  preserved,  but 
showing  apparently  an  arrangement  of  leaflets  like  in  Schizoneura,  with  dissolved 
sheaths. 

JHquisetaceotis  stalks.  These  are  very  numerous,  and  all  of  the  same  kind,  i.e.,  very 
broadly  ribbed,  ribs  and  furrows  in  juxta-position.  They  are  presumably  the  stalks 
and  stems  of  the  same  plant,  to  which  the  above-mentioned  leaved  specimens 
belong,  probably  Schizoneura. 

Vertehraria  indica,  Eoyle. — Several  specimens  of  the  real  Damuda  form  ;  also  branched 
specimens. 

Gangamopteris  ogclopferoides,  Fstm. — The  common  form, 

Glossoptens  communis,  Pstm. — Several  specimens. 

Olossopteris  sp. — A  more  oval  leaf,  with  comparatively  a  very  long  stalk. 

Noggerathiopsis  Idslopi,  Pstm. — Several  specimens,  both  in  the  dark  shale  and  in 
the  more  sandy  variety. 

Seeds. — Small,  slightly  winged,  belonging  perhaps  to  Noggerathiopsis. 

Taking  now  these  fossils  and  those  from  No.  24  into  close  consideration,  wo 
find  that  although  the  second  seam  is  separated  from  the  bottom  seam  by  a 
coTn]iaratively  thin  band  only,  yet  the  flora  has  a  slightly  different  character. 
1  ertebraria  becomes  more  numerous,  and  Olossopteris,  although  representing  only 
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one  or  two  species,  occui's  in  greater  numbeis.  Two  not  very  favourably  pre¬ 
served  specimens  appear  to  represent  Scldzoneura  gondwanensis,  Pstm. 

Ho  fossils  w'cre  found  as  yet  from  tlie  seam  above  tbe  bottom  seam  in  the 
Serampnr  area,  but  the  correlation  of  the  second  seam  in  the  Karharbari  area, 
with  that  in  the  Serampnr  area,  is  apparently  correct,  the  bottom  seams  in  both 
areas  being  the  same. 


The  Srd  seam,  Passerahhia. 

There  is  not  much  new  to  be  reported  from  the  Srd  seam  area  (1.  e.  p.  40).  I 
have  obtained  a  few  specimens  fi’om  shaft  Ho.  17  B'  which  represent  a  species 
already  known  from  this  place,  viz.,  Noggerathiopsis  hislopi,  Bunb.;  some  speci¬ 
mens  indicating  very  large  leaves. 

From  shaft  Ho.  17  C  I  have  obtained  one  specimen  which  contains  three 
forms  new  for  this  place  and  therefore  for  the  Srd  seam. 

Gangamopteris  comp,  angustifolia,  Mc’Coy. — One  leaf. 

TFinqed  seeds. — Of  the  same  kind  as  that  one  figured  hy  me  from  Buriadi"  and  known 
also  from  Mohpani.  Similar  seeds,  but  smaller,  are  also  known  from  the  Damuda 
and  Panohet  division.  I  take  them  to  represent  the  genus  Samaropsis  (comp 
parvula,  Heer  and  Schmalhausen). 

Seed. — Another  large  seed  also  was  found.  Of  this  I  can  form  no  idea  at  pi'esent,  but  I 
shall  figure  it  with  all  the  other  new  forms  in  a  supplement  to  the  Talohir-Karhar- 
bari  flora. 

This  third  seam  appears  to  be  developed  in  the  northern  portion  of  the 
Karharbari  area  only. 


No.  4  seam,  the  “hill-seam.'” 

In  my  already-mentioned  paper  I  also  mentioned  the  seams  on  the  Komaljoro 
and  Bhuddua  hills,  classing  them  as  a  4th  scam,  and  judging  from  some  fossils 
found  on  the  Komaljore  (Lumki)  hill,  and  from  the  very  much  higher  position  of 
the  seam,  I  represented  them  as  belonging  mo.st  probably  to  the  Damuda  division. 
Ho  fossils  were  known  from  the  Bhuddua  hill.  This  time,  however,  I  collected 
some  fragments  from  above  the  coal ;  they  arc  Olossopteris ;  they  are  of  course 
at  present  quite  insufficient  for  any  conclusive  decision,  but  I  think  there  are 
strati  graphical  points  enough  which,  in  combination  with  tho  fossils  from  the 
Lumki  hill,  show  that  it  is  an  independent  seam. 

Bali  hill  in  tho  western  portion  of  the  field  is  another  place  where  this 
“  hill  seam  ”  is  represented.  I  have  not  yet  examined  this  locality,  but  intend  to 
do  so  on  the  first  opportunity,  as  it  is  probable  that  more  fossils  may  be  found 
there,  from  which  the  horizon  may  be  better  fixed. 

^  The  sections  of  tliis  shaft,  as  well  as  of  tho  other  one,  No.  IV  C,  are  described  in  my  Talchir- 
Karharbdri  flora,  ?.  c.  p.  40-42,  where  I  also  uiimed  tho  fossils. 

» Ibidem,  I’hitc  XXIV,  fig.  5. 
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Tlie  relations  of  the  various  seams  may  be  shown  in  the 

list : — 


[voL.  xm, 
following  tabular 


Division. 

Number 

of 

scam. 

Western  portion. 

Karharbari 

purtion. 

Serampur  portion. 

Fossils. 

Damuda 

Division. 

4th 

“Hill  seam’*  on 
Bali  Hill. 

“Hill  seam”  on 
Bhuddua;  frag¬ 
ments  of  fossils 
{_Glo^sopteris.) 

“Hill  seam  ”  on 
Lumki  Hill;  a 
lew  fossils. 

Named  in  my  Talchir  Kar- 
barbari  Flora,  p.  44. 

Spli  e  nopier  is  poly  m  o  rphat 

Fstm.  worthy  of  notice. 
Barakars. 

i* 

About  200'  sand¬ 
stone  down  to 
the  next  seam. 

? 

8rd 

r 

3rd  Seam  at  Pas- 
serabhia  No. 
17B  and  17C 
shafts. 

Named  1  c,,  same  page. 
Besides : 

Gavgamopteris  angitsfifoUa, 
Mc*Coy. 

Samaropsis  comp,  parvula 
Heer,  seed. 

Karharbari  beds. 

Talchir  ■ 
Division. 

2iia 

The  outcrop  of 
scams  at  ‘-'pnr- 
-  daha,  Lopsadih 
and  f  ati^hatj  in 
Khakoo  lUver. 

. 

2Dd  seam  at  Pas- 
sorabhia{No.  24 
and  40  shafts) 
Wathadi.  .logi- 
tandand  Donia- 
lini.  Fossils 

known  from  the 
first  place. 

2ud  seam  at  Buri- 
adi  and  Chunka. 

Identified  now  for  tho  first 
time : — 

Scliiconeura  ?  govclwanensiB 
Fstm. ;  Equisetriceons 

steins ;  Vertebraria  in> 
dica,  Royle;  Gangomop- 
ieris  cyclopferoides,  Fstm. 
Glossopferis  communis, 

Fstm. ;  (rather  numerous) 
OloKSojjferis  another  sp., 
Noggerathiopsis  kislopi, 
Bunb.  sp,  (Feistm.)  ; 
seeds. 

Karharbari  beds. 

L 

1st 

Bottom  scam  at 
Passer  a  b  h  i  a 
(No  5D,  No. 55) 
Malliadi  (No.  1) 
.Togitand  (No. 

2  and  5),  Domah- 
ni. 

Bottom  scam  at 
Buviadi  (No.  IIA). 
and  Chunka  (No. 
16  and  lOG). 

Named  in  the  above  work, 
p.  44,  Of  interest,  tho 
two  large  leaves  olXiogger- 
athiopsis,  Fstm.  iirocured 
this  time. 

Karharbari  beds. 

Taleliir  Group. 


Palaeontological  notes  from  the  South  Rewah  Coal-field. 

Prom  this  extensive  coal-field  there  Lverc  hitherto  comparatively  very  few 
fossils  known.  Those  wo  possessed  were  plants  only,  and  belong  to  two  collec¬ 
tions;  of  the  one  made  in  1861  by  Mr.  J.  Gr.  Medlicott  the  specimens  were 
labeled  “South  Rewah”  and  “Sohagpur;”  the  former  designation  corresponds 
with  what  now  will  be  distinguished  as  the  Gopat  river  area,  while  the  latter 
name  will  be  retained. 

Another  collection,  sent  by  Mr.  C.  A.  Hacket,  1872,  contains  a  few  fossil 
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plants  from  the  Son  river,  west  of  Garara,  a  place  that  is  also  rcjiresented  in  tlio 
collections  received  recently  from  Mr.  Hughes. 

From  those  fossils  and  their  equivalents  elsewhere  I  had  judged  that  they 
represent  the  Raniganj  (Kiimthi)  group,  an  opinion  which  the  subsequent  collec¬ 
tions  have  confirmed. 

Since  October  last  a  regular  survey  of  this  field  was  begun  by  Mr.  Hughes, 
•who  has  already  been  fortunate  enough  to  procure  a  largo  number  of  interesting 
fossils,  both  vegetable  and  animal,  which  are  of  great  importance  for  fixing  the 
horizon  of  the  beds. 

Mr.  Hughes  has  sent  two  collections ;  the  first  contained  plants  from  the 
Lower  and  animals  from  the  Ujjper  Gondwanas.  The  former  I  wms  able  to  include 
in  the  list  of  localities  in  my  paper  (now  in  the  press)  on  the  Damuda-Panchet 
flora ;  they  all  were  of  the  Raniganj  (Kamthi)  horizon,  while  the  animal 
remains  were  of  the  Maleri  horizon  of  the  Central  Provinces. 

The  second  collection  contained  Low'er  and  Upper  Gondwana  plants,  many  of 
great  interest ;  it  arrived  too  late  to  enable  me  to  insert  the  localities  of  Lower 
Gondwana  fossils  in  the  alphabetical  list  in  my  detailed  work. 

This  collection  was  much  larger,  and  contained  fossils  from  many  more 
horizons,  also  several  new  species  of  ijlants.  In  anticipation  of  full  description 
and  illustration  I  may  now  give  a  brief  notice  of  them,  so  far  as  they  arc 
known  with  certainty.  I  shall  enumerate  them  according  to  the  horizons,  and 
within  each  horizon  from  each  locality.  The  horizons  I  have  put  do-wn  as  Mr. 
Hughes  has  provisionally  indicated  them  on  his  labels ;  two  localities  for  which 
there  was  no  horizon  indicated,  I  have  placed  to  such  horizons  as  would  bo 
assigned  to  them  by  the  fossils  when  compared  with  already-established  classi¬ 
fications.  I  also  include  the  older  collections  made  by  Mr.  J.  G.  Medlicott  and 
later  by  Mr.  0.  A.  Hacket. 

A.— LOWER  GONDWANAS. 

I.  Talchie  Division, — Tahhir  group. 

Goraia,  on  the  Johilla  river,  near  Pali,  Singwara  district. 

Collectio  Hughes,  1880. 

Eqidsetaceous  stem. — One  specimen  only,  -with  a  fragmentary  stem,  showing  a 
fine  ribbing  on  the  surface,  but  no  joint ;  may  be  equisetaceous. 

II.  Damuda  Division. 
a.  Bardhar  group. 

■  Pali  and  Johilla  rivers  (junction  of),  near  Pali. 

Collectio  Hughes,  1880. 

Glossopteris  communis,  Fstm.  Of  the  usual  type. 

Gangamopteris  cyclopteroides,  Pstm.  There  is  one  leaf  which  I  cannot  distin¬ 
guish  from  this  spiccies. 
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NoggeratMopsis  (?  Ehiptozamites)  liislopi,  Bunb.  sp  (Pstm.)  Numerous  leaves  of 
various  sizes. 

Seeds,  small,  slightly  winged. 

I  nnist  confess  that  this  flora,  small  as  it  may  apjrear,  romincls  me  more  of 
tliat  of  the  2nd  and  3rd  seams  of  the  Karharhari  coal-field  (Karharburi  beds)  than 
of  the  typical  Baj'akar  group.  When  Mr.  Hughes  next  season  takes  up  rvork 
again,  he  will  probably  succeed  in  procuring  a  few  more  fossils  which  may  decide 
the  question  ;  in  the  meantime  they  may  remain  with  the  Barakar  group. 

h.  Uanigavj  group  (and  Kamthis). 

With  this  group)  I  include  also  those  localities  which  Mr.  Hughes  marked 
Kamthis.  Here  also  are  placed  the  fossils  collected  previously  by  Messrs.  J.  G. 
Medlicott  and  C.  A.  Hacket.  I  name  first  the  localities  from  the  northern 
portion  of  the  field,  from  the  Gopat  river  area ;  these  constitute  also  the  lower 
Gondwana  fossils  of  the  first  collection  sent  by  Mr.  Hughes  in  March  1880 
Then  follow  those  in  the  Sohagpur  district. 

a.  Gopat  river  area. 

Bajbai,  2  miles  west  of  Gopat  river,  lat.  24“  4',  long.  81“  57'. 

Collectio  Hughes,  1880. 

ScMzoncara  goniimnensis,  Fstni.  Just  like  the  same  from  the  typical  Raiiigaiij 
group,  Eanigaiij  field. 

Vertebraria  indiea,  Eoylo.  Many  nice  specimens. 

Glossopteris  communis,  Pstm. 

Glossopt.  indica,  Schimp. 

Glossupt,  angustifoUa,  Bgt. 

ChanduiiloJ,  about  8  miles  west-north-west  of  Bajbai,  and  about  3  miles  west 
of  Marhwas. 


Collectio  Hughes,  1880. 

ScMzoneura  gondwanensis,  Pstm.  Typical  Eaniganj  form. 

Glossopteris  formosa,  n.  sp.  Eaniganj  species. 

Malian  river  (tributary  of  Gopat  river),  between  Minarra  (Mirhara)  and  Gaja 
(Ganjar),  lat.  23“  57’,  long.  81“  58'. 

Collectio  Hughes,  1880. 

ScMzoneura  gondwanensis,  Pstm.  Typical  Eaniganj  form. 

Glossopteris  communis,  Pstm. 

Glossopt.  angustifoUa,  Bgt. 

Alethopteris  comp,  whithyensis,  Gbpp.  I  have  no  means  to  distinguish  this  fern 
from  the  jm'assio  species. 

Angiopteridium. — Two  fragments  of  a  tceniopteroid  fern  resembling  a  similar  one 
in  the  Kamthi  beds  of  the  Nagpur  area,  which  I  cpioted  as  Angiopt.  comp. 
mc’clellandi  O.  M. 


IMRT  3.]  Feistmantel :  Karharhdri  and  South  Rewah  Coal-fields. 


185 


Mahan  river,  near  Minarra  (close  to  the  former  locality). 

CoUectio  Hughes,  1880. 

ScMzoncura  gondwan-ensi.t,  Pstm.  Typioal  Ratiigatij  form. 

GlossopterU  communis,  Pstm. 

Glossopt.  indica,  Schimp. 

Glossopl.  retifera,  Pstm.  Raiiiganj  form. 

Glossopt.  angustifolia,  Bgt. 

Alethoptevis  comp,  whithycmis,  Gopp.  As  above. 

Mahin  river,  near  Tansar,  close  to  junction  with  Gopat  river,  north  of  the 
preceding  locality. 

CoUectio  Hughes,  1880. 

Vertehraria  indica,  Eoyle. 

Glossopteris  sp. 

Parasi,  west  of, — from  stream  running  between  Parasi  and  Kunjwar,  about  5 
miles  cast  of  Gopat  river,  lat.  24°  2",  long.  82°  7''. 

CoUectio  Hughes,  1880. 

Glossopteris,  sp.  Pragments. 

With  this  area  also  those  fossils  contained  in  our  collections  have  to  bo  in¬ 
cluded  which  were  collected  by  Mr.  J.  G.  Medlicott,  1861,  and  are  labelled  “  South 
Hewah.”  The  fossils  are — 

Vertebraria  indica,  Royle. 

Stems. 

Glossopteris  communis,  Pstm. 

JSoggerathiopsis  hislopi.  Buiib.  sp.  (Pstm.). 

Voltzia  heterophylla,  Bgt.  The  tlotermiualion  of  this  species  from  this  eoal-liold 
is  now  confirmed  by  Mr.  Hughes’  recent  specimens. 

Small  seeds. 


These  fossils,  however,  correspond  very  much  with  those  of  the  next  following 
locality,  in  the  Sohagpur  district. 


ft.  Sohagpur  District. 


Hardi,  near — about  15  miles  south-east-south  of  Sohagpur,  long.  81°  30",  lat. 
23°  6". 


CoUectio  Hughes,  1880. 


Vertehraria  indica,  Eoyle. 

Glossopteris  communis,  Pstm. 

Nbggeratliiopsis  hislopi,  Bunh.  sp.  (Pstm). 

Voltzia  heterophylla,  Bgt.  Several  leaved  branchlets,  which  leave  no  doubt  about 
this  species. 

Samaropsis  comp,  parvula,  Heer.  Winged  seeds,  known  also  from  other  places. 


Kachodhar,  about  11  miles  west  of  Sohagpur. 

CoUectio  Hughes,  1880. 

Glossopteris  communis,  Pstm.  One  leaf  peculiarly  folded. 
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Solidijpur,  ill  South  Rewali. 

CoHectio  J.  G.  Medlicott,  18lil. 

Tei'telraria  indica,  Royle. 

Glussoptei'is  communis,  Fstni. 

Glossopteris  bruwniana,  Bgt. 

Glo.isopt.  damudica,  Fstm. 

Sou  river,  west  of  Garara,  Sohagpur  district. 

Collectio  Hacket,  1872. 

Fossils  in  a  dark  gi’eenisli-grey  sandy  shale.  Considering  tlie  fossils,  I  placed 
this  locality  with  the  Raniganj  (Kamthi)  group,  which  now  by  Mr.  Hughes’ 
fossils  from  the  same  locality  (see  next  locality)  is  further  confirmed. 

The  fossils  were — 

Vertehraria  indica,  Royle. 

Macrotainiopteris  feddeni,  Fstm.  Like  the  same  in  the  Kainthis  of  the  Nagpur 
area. 

Glossopteris  communis,  Fstm. 

Dictyopteridium  (?)  sp. 

Son  river,  near  GurSru  (as  written  by  Mr.  Hughes — Guimru  on  the  Indian  Atlas) 
about  1  mile  east  of  Son  river,  long.  81°  23'',  lat.  23°  28". 

Collectio  Hughes,  1880. 

This  is  evidently  the  same  locality  as  that  above  mentioned  of  Mr.  Hacket. 
Mr.  Hughes’  fossils  are  in  tw'o  kinds  of  shale,  one  dark  greenish-grey  sandy,  like 
in  Mr.  Hacket’s  specimens ;  the  other  light  yellowish-grey  soft  clay-shale. 
a. — Dark  greenish-grey  shale — 

Schizonetira  gondtoanensis,  Fstm.  Raniganj  type. 

Glossopteris  communis,  Fstm. 

Glossopt.  indica,  Schiinp. 

Squama  gyinnospermarum. 

These  fossils  leave  no  doubt  about  the  Raniganj  horizon  of  this  bed,  as  deter¬ 
mined  already  hcfoi-e  by  me  from  Mr.  Hacket’s  specimens. 
h. — Light  yellowish-grey  shale. 

Glossopteris  angustiofolia,  Bgt. 

Hhipidopsis,  n.  sp.,  like  in  the  Kamthis  on  the  South  Godavari  (Kunlachern,  origi¬ 
nally  a  genus  in  the  Russian  Jura  of  the  Petschora  country). 

Son  river,  opposite  Sarsi. 

Collectio  Hughes,  1880. 

ScMzoneura  gondteanensis,  Fstm.  Very  big  leaves  (or,  better  said,  portions  of  the 
leaf  spath.) 

Glossopiteris  hroicniana,  Bgt. 

These  fo.ssils  leave  indeed  no  doubt  as  to  the  establishment  of  the  typical 
Raniganj  group  in  this  region,  as  is  especially  illustrated  by  the  numerous  occur¬ 
rence  of  Schizoncura  gondwanensis,  Fstm.,  and  several  species  of  Glossopteris, 


PART  3.]  Feidmimlcl :  Karharbari  and  South  Itowuh  Coal-fields. 


187 


occurring’  mostly  in  tlic  Raniganj  grouji.  We  can  in  fact  say,  Schizonetira  is  the 
characteristic  feature  of  these  localities  in  South  Rewah,  and  is  more  widely  dis¬ 
tributed  here  than  Vertebraria,  as  out  of  eleven  localities,  Schkoneiira  occurred  in 
six  and  in  great  numbers,  while  Vertebraria  was  found  only  at  five  localities.  Of 
other  fossils  I  would  specially  point  out  the  following : — 

Macrotoenioxiteris  feddeni,  Fstm.  1  both  of  the  typical  Raniganj 

Ohssoxteris  formosa,  n.  sp.,  retifera,  Fstm.,  i  group. 

Alethopteris. — There  are  two  pinnas  of  an  Alethopteris  which  has  to  be  referred 
to  the  group  of  Al.  ioliithyevsis,  Gcipp.  A  fragment  of  an  Augiopteridium  has  to 
be  referred  to  Ang.  md Glellandi. 

VoUzia  Jicterophijlla,  Bgt.,  which  we  already  know  from  the  Karharbari  beds, 
is  here  again  represented  in  the  Raniganj  group,  and  not  rare. 

c.  Siipra-Da.niiidas. 

On  the  labels  of  several  fossils  from  two  localities  Mr.  Hughes  has  indicated 
the  horizon  as  “  Supra-Damudas.”  To  judge,  however,  from  the  fossils  and  from 
petrographical  character  of  the  specimens,  the  fossils  indicate  lower  Gond- 
wfinas,  although  representing  perhaps  two  horizons. 

Daigaon,  on  the  Johilla  river,  about  4  miles  north-west  of  Pali. 

CoUectio  Hughes,  1880. 

]  ertehraria  indica,  Eoyle. 

According  to  our  present  knowledge,  Vertebraria  is  especially  typical  of  the 
Damuda  division,’  and  in  default  of  other  fossils,  I  would  consider  this  locality 
to  belong  to  this  division;  it  may  be  Raniganj  (Kamthi)  group. 

Parsora  (south  tolah),  near  Beli,  about  6  miles  north-north-east  of  Pali. 

CoUectio  Hughes,  1880. 

The  fossils  from  this  locality  are  very  interesting,  especially  one  new  species. 
They  are  preserved  in  a  red-brown,  highly  ferruginous,  micaceous  shale,  com¬ 
pletely  agreeing  with  the  rock  in  which  Mr.  V.  Ball’s  fossils  from  Latiahar,  in 
the  Auranga  coal-field,  are  preserved,  which  as  to  the  horizon^  were  left  undecided, 
although  Mr.  Ball  thought  that  they  are  probably  “Mahadevas.”  Considering, 
however,  the  fossils,  amongst  which  there  is  Vertebraria  and  Glossopteris,  I 
treated  this  locality’’  as  belonging  to  the  Panchets,  and  it  might  bo  the  same 
case  with  the  present  locality  in  South  Rewah,  and  the  more  so  as  the  fossils 
would  perhaps  support  that  view. 

The  fossils  are — 

Banceopsis. — A  new  species— in  numerous  specimens. 

Of  this  genus  there  were  hitherto  known  with  certainty  only  two  species, 

’  Tliere  are  several  specimens  tnown  from  tlie  Karlmrbari  beds  of  the  Karliarbari  coal-field 
and  also  from  a  doubtful  locality  in  tbe  Auranga  coal-field,  which  probably  is  Panchets,  but,  as  a 
rule,  it  is  a  fossil  of  the  Damudas. 

2  Pall,  Mem.  Geol.  Survey  of  India,  Vol.  XV,  pt.  2,  p.  8S1.  ’ 

’  Pal.  indica,  Ser.  XI 1,  pt.  2,  p.  ti.  (To  be  issued  sliortly.) 
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1).  marantacea,  Hecr,  from  the  German  Kouper  (Upper  Trias),  and  Banaiopsis 
rajmalialcnsis,  Fstm.,  from  the  Rajmalnil  gronj)  in  Bengal  (Riijmahal  hills). 
The  present  specie, s  differs  from  both.  It  is  a  much  larger  form  than  D.  rojma- 
halcnsis,  Fstm,,  as  is  especially  seen  from  the  thickness  of  the  rhachis  and  the 
midribs  of  the  pinnulie ;  the  veins  also  have  another  direction  in  B.  rajmahalensls, 
passing  out  at  a  more  acute  angle  from  the  rhachis  and  running  straighter  to  the 
margin.  Banaopsis  marantacea,  on  the  other  hand,  is  again  bigger  than  our  pre¬ 
sent  species,  the  vhole  frond  appicars  much  larger,  the  pinnulm  longer,  the  midribs 
thicker,  and  especially  the  top  piunulm  much  larger.  There  are  two  specimens 
in  Mr.  Hughes’  collection,  showing  the  top  pinnula,  which  is  shorter  than  the 
other  pinnula),  while  in  Ban.  waraniacea,  Heer,  the  top  pinnula  was  equal  in 
size  to  the  others.  I  refer  especially  to  Schimper’s  figure  Tr.  d.  Pal.  v6get., 
PI.  XXXVII.  The  secondary  veins  in  Ban.  marantacea  agree  well  with  those 
in  our  present  species. 

But  there  is  an  important  character  in  our  present  species  of  Banreojtsis ; 
ihs  primary  rhachis  of  the  frond  is  dichotomonsly  forlced,  as  is  shown  distinctly 
by  about  six  sjiccimens  ;  the  pinnulse  at  the  beginning  of  the  fork  on  the  inner 
side  being  represented  by  lobes  only.  Below  the  furcation  the  pinnuhie  are  also 
only  small.  We  shall  have  to  take  this  present  species  as  intermediate  between 
B,  rajmalialensis,  Fstm.,  and  B.  marantacea,  Heer,  with  closer  relation  to  the 
latter.  All  other  details  will  be  given  subsequently  with  illustrations.  It  will 
be  described  as  B.  hiujhesi, 

Thinvfeldia  comp,  odontopteroides,  Moor.  sp.  There  are  three  fragments  of 
fronds,  with  forked  rhachis,  which  have  entirely  the  aspect  of  Thinnfeldia  odon- 
topteroides,  Moor.  sp.  A  similar  fern  was  already  brought  by  Mr.  Griesbach  from 
the  Panchets  of  the  Ramkola  coal-field,  and  this  plant  would  be  a  support  for  the 
view  of  the  locality  under  discussion  being  of  the  same  horizon. 

Neitropteridinm,  sp.  There  is  a  portion  of  a  frond  w'hich  appears  to  be  single 
pinnate  and  belongs  to  Professor  Schimper’s  triassic  group  of  Neuropteris,  dis¬ 
tinguished  as  Ncuroptei'idinm.  We  know'  already  one  species  from  the  Karhar- 
bari  beds.  The  present  one  appears  to  be  different. 

NdggeratMopsis  hislopi,  Birnb.,  sp.  Portions  of  large  leaves.  This  species  is 
known  from  the  whole  Talchir  and  Damuda  division. 

This  is  certainly  a  very  interesting  association  of  forms,  but  it  no  doubt 
show's  that  this  locality  has  to  be  considered  as  belonging  to  the  Low'er 
Gondwanas,  probably  Panchets,  but  Banwopsis  would  be  another  form  helping  to 
bridge  over  the  break  between  the  loAver  and  upper  Gondwiinas. 

B,— UPPER  GONHWAXAS. 
a.  Maleei  beds. 

The  most  important  discovery  made  by  Mr.  Hughes  is,  I  think,  that  of  the 
Maleri  horizon  (of  the  Godavari  basin)  in  South  Rewah.  It  is  undoubtedly 
established  by  numerous  bones  of  land  animals,  the  same  as  those  in  the  Central 
Provinces. 


PART  3.]  Feislmantel :  Karharban  and  South  Heimh  Coal-jlddn. 


189 


Tihi,  about  6  miles  soutli  of  Beoliari,  loug.  81°  25',  lat.  23°  50', 

GoUectio  Hughes,  1880. 

Paramclms  hislojn,  Huxley  (MSS.)  represented  by  portions  of  jaws,  several 
teeth,  numerous  fragments  of  dermal  scutes,  vertebrae,  and  othei’  bones.  They 
represent  an  animal  about  equal  in  size  to  that  of  the  Maleri  beds  in  the  Central 
Provinces. 

Hyperodapeclon,  sp.  Jaws,  apparently  of  the  same  animal  as  that  of  the 
Central  Provinces,  but  three  of  the  jaws  are  larger  than  any  hitherto  known  from 
the  latter  place. 

Unio,  sp.  Several  specimens  of  a  small  Unio-like  shell  also  occur. 

b.  Jabalpur  Group. 

There  is  another  horizon  of  importance  in  this  coal-field,  as  it  contains  besides 
most  of  the  Jabalpur  plants  of  the  Satpura  basin,  also  others,  and  especially  one 
species  characteristic  of,  and  hitherto  only  known  from,  the  intermediate  beds'  of 
the  upper  Gondwanas  on  the  south-east  coast  of  India. 

Bansa,  on  the  Machrar  river,  about  6  miles  south-west  of  Chandia. 

Colleetio  Hughes,  1880. 

Alethopteris  whithpensis,  GopjJ.  Topical  form. 

Alethopteris  indica,  0.  M.  Probably  only  a  larger  variety  of  the  former. 
Alethopteris  medlicotiiana,  Fstm.  The  same  typical  form  as  from  near  Jabalpur. 
Besides  these,  there  are  three  other  ferns  which  requii'e  further  examination. 
Fodozamites  lanceolahis,  L.  &  H.  Numerous  specimens. 

Ftilophyllum  cutchense,  Moor.,  in  (lark  sandy  shale,  resembling  similar  shales  from 
the  Sher  and  Hard  rivers. 

A  pycadeaceous  fruitleaf? 

Taxites  tenerrimus,  Fstm.,  a  Jabalpur  group  species. 

Taxites  ydanus,  Fstm.  At  first  described  from  the  Eagav.apui'am  shales,  the  Sri- 
permatur  group,  and  the  Vemaveram  shales,  now  here  represented  by  several 
specimens,  one  a  very  fine  one.  I  think  we  have  to  consider  this  species  as 
surviving  from  these  intermediate  beds  on  the  south-east  coast  into  the 
Jabalpur  groujj  of  South  Eewah  ;  it  is  not  met  with  in  the  Jabalpur  group  of 
the  Satpura  basin. 

Brachyphyllum  mumviillare  L.  &  H.,  completely  the  same  form  as  in  the  typical 
Jabalpur  group  near  Jabalpur. 

Fchinostrobus  rhomhicus,  F'stin. 

Araucarites  cutchensis,  Fstm.  The  same  as  in  Cutch  and  the  typical  Jabalpur 
group. 

Ginylco,  sp.,  a  small  leaf  with  a  thin  stalk. 

Some  other  coniferous  branches. 

It  will  be  very  interesting  to  learn  from  Mr.  Hughes’  descriptions  in  what 
relation  is  Jabalpur  group  is  to  the  Maleri  beds  of  Tiki. 

To  make  this  list  of  fossils  from  South  Eewah  complete,  I  have  still  to  quote 

‘  Riigavfipuran  shales,  Sripcrniatur  group,  Vcmavcrain  shales. 
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a  few  fossils  wliicli  in  1872  were  brought  by  Mr.  Hacket.  They  were  already 
mentioned,  and  some  figured  in  my  Jabalpur  Flora and  referred  to  as  from 
“  South  Rewah.”  I  have  since  found  a  label  referring  to  these  South  Rewab 
fossils  and  giving  some  information  as  to  the  locality. 

Ohandia,  small  nadi  south  of, — South  Rewah,  Singwara  district. 

Collectio  Hacket,  1872. 

1877.  Feistmantel,  Floi'a  of  the  Jabalpur  group,  etc  ,  Pal.  Ind.,  IX,,  2. 

Ahtlinpteris  medlicottiana.  Fstm.,  a  small  specimen  not  mentioned  in  my  Jabalpur 
flora,  found  subsequently,  will  be  figured  together  with  Mr.  Hughes’  specimens. 

Sagenopieris  ?  sp.,’  Feistm.,  1.  c.,  p.  10, ‘PI.  Ill,  fig.  6. 

JPodosamiies  laneeolatus,  L.  &  H.,  /.  c.,  p.  11,  PI.  Ill,  figs.  7,8,  11,  12. 

Podezamites  .ipafhnlatus,  Fstm.,  1.  c.,  p.  12,  PI.  IV,  figs.  11,  12. 

Araucarites  cutchensis,  Fstm.,  1.  c.,  p.  16,  PI.  XIV,  figs.  11 — 13. 

Echmostrohus  expanstis,  Sohimp.,  p.  17,  PI.  XI,  fig.  5. 

Ech.  rliomhicus,  Fstm.,  J.  c.,  p.  18,  PI.  XI,  figs.  6 — 11. 


Fubther  notes  on  the  coerelation  op  the  Gondwana  flora  with  other  floras 
hy  Ottokar  Feistmantel,  M.D.,  Palmontologist,  Geological  Survey  of  India. 

Flora  of  the  Kusnezh  basin  and  Tungusha  river,  Siberia. 

In  a  short  note  in  the  first  number  of  this  year’s  Records  with  I’eference  to  a 
preliminary  paper  of  Mr.  Schmalhausen  on  the  Jurassic  flora  of  the  Kusnezk  basin 
and  Tung.ska  river,  I  compared  the  Indian  (and  Australian)  leaves  formerly 
known  as  NoggeratMa,  but  distinguished  by  me  as  Noggernthiopsis,  with  the  Sibe¬ 
rian  Uhiptozamites  Sohmalh,  which  also  had  at  first  been  described  as  Noggerathia. 
I  have  since  received  Prof.  Schmalhausen’s  work,  illusti’ated  with  sixteen  plates,® 
and  I  would  now  complete  my  reference  to  his  observations. 

My  supposition  of  our  Noggerathiopsis  and  the  Siberian  Ehiptozamites,  Schmalh. 
being  in  closest  relation  is  now  confirmed.  The  size  and  form  of  the  leaves 
and  the  characters  of  the  veins  is  in  both  genera  completely  identical;  the 
only  difference  between  them  being  that  the  veins  in  Bhiptozamites  are  closer. 
This  character  might  eventually  be  taken  as  a  speeifical  distinction  only,  while 
yet  the  two  genera  might  be  identical.  This  of  course  is  not  necessarily  of  much 
consequence  regarding  the  correlation  of  the  two  formations  in  which  these 
genera  are  found ;  but  their  close  generical  relation  (perhaps  identity)  i.s  of  great 
importance  in  fixing  the  sj^stematical  position  of  the  one  from  the  other. 

Prof.  Schmalhausen  places  his  Bhpfozam  ites  *  (which  name  by  itself  implies  the 

*  Pal.  Indica,  Ser.  IX,  pt.  2. 

’  In  the  paper  quoted  the  locality  of  this  fossil  is  by  mistake  given  as  Jabalpur  instead  of 
South  Rewah. 

®  Beitriige  zur  .Tnra-Flora  Russlar.ds,  von  Joh  Sclnnalhansen,  in  Mem.  de  I’Acad.  Iinper. 
des  Sc.  de  St.  Petersbonrg  VII,  Ser.,  Tome  XXVII.,  No.  4. 

*  piiTTU)-  1“  off,  and  Zarnia — botanical  name. 
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cycadeaceous  nature)  ■\vitli  the  CycaJeacece,  together  with  well-known  cycadea- 
ceous  genera,  such  as  Gtenophylluni,  Diooniies,  and  Poiloza/inites ;  in  the  first 
instance  these  leaves  (^Rhiptozanutes')  which  are  described  as  pinnate  (I  used  for 
the  Indian  leaves  the  expression  foliiS  hiseruilihas')^  arc  compared  with  forms  of 
Podozamites,  as  I  also  had  done  with  the  Indian  leaves,  before  Prof.  Sohmal- 
hausen’s  paper  was  in  my  hands.  ‘ 

The  Siberian  leaves  are  described  as  deciduous,  being  generally  found  as  single 
leaves ;  this  certainly  was  also  the  case  with  the  Indian  forms,  as  all  the  leaves 
hitherto  found  were  detached  (h  c.  p.  24). 

Prof.  Schmalhausen  also  points  to  the  uneqirilateral  shape  of  the  leaves, 
adducing  this  as  a  character  in  favour  of  the  view  of  the  fronds  having  been  pin¬ 
nate,  in  which  case  the  leaves  generally  met  with  would  be  the  pinnulas.  A 
similar  character  had  already  been  observed  in  the  Indian  leaves  from  the  Nagpur 
area  by  Sir  Ch.  Bunbury,  who  expressed  it  by  saying  the  leaves  were  “  not  sym¬ 
metrical,  but  very  slightly  oblique,”  and  I  confirmed  it  subsequently  from  the 
Karharbarl  specimens  (h  o.  p.  24  and  figures)  ;  it  is  seen  also  in  all  the 
specimens  from  the  other  localities,  so  that  we  may  fairly  use  this  character  in 
support  of  the  view  that  the  detached  leaflets  belonged  to  a  pinnate  frond. 
Amongst  the  Indian  specimens  not  one  has  been  observed  showing  the  connection 
with  the  stalk  ;  but  there  are  several  specimens  (from  the  Raniganj  field,  from 
South  Bewail,  and  the  Satpura  basin)  which  show  such  an  association  of  two 
or  three  leaves  as  forcibly  reminds  us  of  an  arrangement  of  the  pinnulce  in  a 
pinnate  leaf. 

W^ith  this  close  gencrical  relation  (eventually  identity)  of  RJiiptozarnltcs 
Schmalh.  and  Noggeratluopsls,  Fstm.  in  view,  we  are  completely  justified  in 
placing  these  latter  also  with  the  order  Cycadeaaea,  family  Zamiece,  and  have  to 
compare  them,  as  I  have  already  done,  with  the  fossil  Podozaniites,  which  is 
essentially  a  mesozoic  and  prominently  Jurassic  genus,  known  in  the  Upper 
Gondwanas  in  India,  in  the  Kusnezk  basis  in  the  Altai  (in  association  with 
Bhiptozamites),  and  in  the  jura  of  E.  Siberia  and  in  the  Amur  countries ;  also 
numerous  in  Europe.  This  cycadeaceous  plant,  Noggerathlopsis,  is  rather 
numerous  in  the  Eower  Gondwanas ;  it  occurs  in 

t  Tiilcliir  grouj) :  rare  (Doogluir). 

Tue  TAlcniB  Division  ...  j  Karliarbari  beds ;  very  lumierons  both  in  the  Karharbari  field 
I  (Nos.  1,  2,  3  scams)  and  in  the  Molipani  coal-field, 
f  Barakar  group:  Riimkola  coal-field,  South  H-ewah  coal-field,  Satpura 
j  basin  (Sliahpur  and  Uinret). 

Dajiuda  Division  ...  I  Kauiganj  (Kamthi) :  Raniganj  coal-field  (rare) ;  South  Rewah 

I  (frequent). 

(^Nagpur  district  (Kaiuthis);  numerous. 

This  Noggerathlopsis  forms  in  the  Lower  Gondwanas  just  as  prominent  a 
feature  as  Pterophjllmn,  or  Gyoadltes,  or  Podozaniites  does  in  the  Upper  Gondwanas, 
and  consequently  the  great  break  between  the  Lower  and  Upper  Gondwanas  is 

'  Tab  Indica,  Scr.  XII,  1,  p.  23. 
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now- — as  regards  at  least  the  Gycadeacew — to  a  great  extent  removed.  This  break 
is  still  more  filled  in  by  the  interesting  circumstance  (to  be  noticed  presently) 
that  there  are  other  forms,  both  in  the  Lower  and  Upper  Gondwanas,  which  find 
their  close  analogie.s  or  identical  representatives  in  the  Jura  of  the  Altai  and 
Siberia  and  elsewhere. 

Before  proceeding  to  this  point,  the  systematical  position  and  analogies  of 
Ndytjerathio^sis,  Ustm.,  may  be  therefore  expressed  thus — 

CYCADEACE^. 

a.  Zamieji. 

NdggeratJilopsiSj  Fstni.  Noggerathiopsis,  Fstm.  Mhiptozamites.  Scliuiulh.  PodozamUeSy  Br. 

„  ,  ,  -  j  Jura — (Upper  Gondwanas,) 

Pala30zoic— Australia  Lower  Gondwanas,  Jura — Altai  and  the  Indi-i  Siberia  and 

(N.  S.  Wales).  India.  Tunguska  Kiver.  elsewhere.  ’ 


The  Jurassic  flora  described  by  Professor  Schmalhauscn  from  the  Altai 
IVP*'  and  the  Tunguska  river,^  is  further  interesting,  as  it  contains  several  forms 
partly  identical  with  and  partly  closely  related  to  species  in  the  Upper  and 
Lower  Gondwanas  of  India,  representing  thus,  so  to  speak,  an  amalgamation  of 
parts  of  both.  Taking  also  the  other  Jurassic  floras  of  E.  Siberia  and  the 
Amur  countrie.s  (Ueer)  into  consideration,  we  can  establish  the  following  list  of 
correlations :  — 


GONDWANA  SYSTEM— India. 

a,  UrpEE  Gondwanas. 

Alelhopteris  whithgensis,  Gopp.  Kacli  and  ) 
Jabalpur  group;  Sripermatiir  group  j 
(Sriporniatur  and  Veuiavcruui).  )■ 

Alethopteris  indica,  Oldh.  and  Morr.  Sri-  | 
perniatur  and  Kajinalial  group.  J 

DicTesonia  bindrabunensis,  Fstiii.  Kajmahal 
group. 

Pudozamites  lanceolatws,  Scliimp.  .labalpur 
and  Sriporniatur  group. 

Anomozamites  t^Pterophyllmn)  princeps,  0.  M. 
Kajinalial  group. 

Anomozamites  lindleganns,  Schlmp.  Sriper- 
iiiatur  group. 

Qinglco  lohata,  Fstm.  Jitbalpur  group. 
Czekanoii'slia  t  and  Fliouicopsis  ?  Jabalpur 
group. 

b.  Lower  Gondwanas. 
PTiyllotheca  indica,  Bunb.  Kaniganj  (Kainthi) 

group. 

Stems  of  the  same. 


JUKA — Siberia,  etc. 


Asplenium  whitbyense,  Ilecr  (Siberia  and 
Amur  countries). 

Picksonia  concinna,  Heer.  Amur  countries. 

Podozamites  lanceolatus,  eichwaldi,  etc. 

E.  Siberia  and  the  Altai. 

Anomozamites  sclimidti,  Ilecr.  Amur  coun¬ 
tries. 

Anomozamites  lindleyanus,  Heer.  E.  Siberia. 

Giugko  digilata,  Heer.  E.  Siberia  and  Altai. 
Czekanowskia  and  Phonicopsis.  Heer.  Altai, 
E.  Siberia,  Amur  countries. 

Phyllotlieca  sibirica,  Ilecr,  and  Phyll.\  deli- 
quescens,  Schiiialh,  (Gopp.  sji.).  Altai  and 
E.  Siberia. 

Stems,  quite  similar  {See  Schmalhauseii,  1.  c. 
I’l.  1,  fig.  2).  Altai. 


■  I  leave  the  flora  of  the  Fetschora  country  out  of  comparison  hero,  and  refer  to  the  Asiatic 
(Siberian)  forms  only. 
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GONDWANA  SYSTEM— India-  contd. 

VhyXlotlieca  Tobiista,  Fstm.  Eaniganj  group 
(liajmalial  hills). 

Alethopteris  whiihyensis,  Gtipp.  Eaniganj'^ 
group.  _  _  -j, 

Alethopteris  lindleyana,  Eoyle.  Eaniganj  | 
group.  J 

Cyaihea  comp.  tchihatchejffi,  Sclunalh. 
Barakars. 

Diclesonia  hughesi,  Fstm.  Eaniganj  group. 

Glossopteris  gangamopteris.  Lower  Gond- 
wauas. 

{liuhidgea.  Karoo  beds,  S.  Africa). 


Ndggeratldopsis  Jiislopi,  Fstm.  Lower  Gond- 
wanas. 

Samaropsis  corap.  parmla,  Ilecr.  Kariiarb^ri 
beds,  Eaniganj  group  (Bijori).  Pancliets. 
S^nmncB  gymnospermarum.  Barakars  and 
Eaniganj  group. 


JURA — SiBEEIA,  ETC. — contd. 
Phyllotheca  scMschwowsTci,  Scbinalh.  Altai. 


Asplenium  ijohithyense.  Ileer.  (Siberia,  Amur 
countries.) 

Cyaihea  tchihatchejfi,  Sebm.,  Altai. 

Diclesonia  concinna,  Heev.  Amur  countries. 

Zamiopteris  glossop/eroides,  Scbmalb.  Altai, 
This  fern  resembles  strikingly  (and  is 
.also  by  Sobmalbansen  compared  with) 
Glossopteris  ill  slmpe  and  distribution  of 
veins,  but  has  no  midrib  and  no  anastoinoscs. 
Other  specimens  resemble  Gangamopteris 
angustifoUa,  but  they  again  want  the 
anastomoses.  The  most  closely  related 
genus  is  Uuhidgea  from  the  Karoo  beds ; 
there  is  hardly  any  distinguishing  character, 
but  they  are  not  to  be  inistfiken  for  my 
PalcBorittaria. 

Dliiptozamites  giipperU,  Scbmalb.  Altai, 
Tunguska. 

Samaropsis parvula,  Ilccr.  Altai  (See  Scbmalb. 
1.  c.,  El.  IV,  fig.  3  b.)  E.  Siberia. 

S^uanice  gymnospermarum.  Altai,  Tunguska 
(PI.  XV,  figs.  14, 15,  represent  forms  of  the 
Eaniganj  group,  while  PI.  XVI,  fig.  22, 
represents  a  Barakar  form). 


This  list  speaks  for  itself,  and  there  is  nothing  surprising  in  it  when  we 
consider  the  close  relations  of  the  various  groups  of  the  Gondwana  system  as 
independently  obsoived.  We  have  in  addition  the  occurrence  of  Qlossopteris 
in  the  Upper  Gondwanas,  the  representation  of  Podozamites  in  the  Upper,  by 
Nbggerathiopsis  in  the  Lower  Gondwanas,  the  occurrence  of  Qlossopteris  and 
Vertehraria,  in  a  horizon  in  the  Auranga  coal-field,  which  Mr.  Ball  could  not 
assign  to  any  bed  of  the  Lower  Gondwanas,  hut  thought  it  should  belong  to  the 
Milhadevas  (Upper  Gondwanas),  although  I  think  it  may  represent  the  Panchot 
group,  etc.  There  is  also  a  fine  collection  of  plants  made  by  Mr.  Hughes 
in  South  Eewah,  which  will  further  illustrate  this  intermingling  of  the  fiora  just 
on  the  boundaries  between  the  lower  and  upper  bods  of  the  Gondwana  system. 

These  relations,  wdiich  no  doubt  will  find  further  illustration  in  course  of 
the  more  detailed  work  of  the  Survey,  show  well  the  fitness  of  combining  all 
the  beds  from  the  Talchir  group  up  to  the  Jabalpur  and  Kach  group  under  one 
collective  designation,  for  which  the  name  Oondivdna  system  W'as  very  happily- 
chosen. 
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Additional  note  on  the  Aktesian  Wells  at  Pondicheery,  hg  W.  King,  Deputy 
Supervutendeut  (^Madras),  Geological  Survey  of  India. 

While  my  paper  in  the  last  number  of  the  Records  was  in  press,  I  received 
some  further  details  from  Mr.  Poulain,  giving  corrected  heights  and  discharges 
of  water  columns  in  the  Savana  and  IJpallom  wells,  which  were  inserted  in  the 
body  of  the  paper,  but  not  in  the  introduction.  Unfortunately  T  misunder.stood 
some  of  these  corrections,  as  they  arc  explained  in  a  later  letter  i-eooivcd  from 
Mr.  Poulain,  and  therefore  it  becomes  necessary  to  draw  attention  to  the  fol¬ 
lowing  errors : — 

On  page  113,  line  33,  for  ‘three’  read  6'5;  for  ‘44’  read  30. 

On  page  114,  line  16,  for  ‘  nearly  1  foot  ’  read  3'28  feet. 

On  page  120,  lino  21,  for  ‘  44,’  read  30 ;  for  ‘  one  ’  read  six. 

These  corrections  are  made  from  a  later  note  published  in  the  ‘  Travaux 
lies  Gom/missions  Locales'  which  my  friend  Poulain  has  furnished  since  the  publi¬ 
cation  of  my  paper,  and  of  the  existence  of  which  I  was  unaware  until  now.  A 
translation  of  this  note  is  now  appended  ;  it  follows  as  number  five  on  the  ‘  Ex¬ 
periences  of  Mr.  Poulain’  given  in  Appendix  II  of  my  paper, 

Experience  at  “  Savana.” 

“  The  latest  information  given  on  the  progress  of  the  borings  up  to  the 
11th  September  left  the  depth  at  52’68  meters  and  the  discharge  at  90  litres 
a  minute. 

“  The  discharge  increased  jiroportionally  with  the  disengagement  of  the 
sands  at  the  bottom  of  the  a8<5ending  column.  It  is  now  at  135  litres  a  minute. 
During  the  working  the  water  had  a  very  marked  yellow-ochrey  colour,  and  it 
became  limpid  as  soon  as  the  work  was  stopped.  The  actual  depth  is  53  meters. 

“Wo  have  verified  the  hydrostatic  level  of  this  source,  and  as  the  ground 
surrounding  our  well  has  lately  been  raised  by  the  heaping  uj)  of  the  excavated 
material,  we  have  boon  obliged  for  exactness  to  take  the  level  of  the  old  soil. 
This  having  been  ascertained,  the  rise  is  1‘96  meters  above  the  soil.  The  water 
has  not  lowered  from  this  point. 

“  Regarding  the  uses  to  which  the  water  of  the  ‘  Savana  ’  well  may  be 
applied,  we  cannot  do  better  than  reproduce  in  text  the  official  analysis  given  by 
Mr.  Castaing,  Ohof  do  Service  Pharmaceutique,  at  the  requisition  of  the 
Ordonnatour ; — “  Depth  of  the  well,  52’68  meters.  This  water  is  limpid,  colour- 
loss,  inodorous,  agreeable  to  the  taste,  and  fresh.  It  contains  26  centigrammes 
of  saline  residue  to  the  litre,  composed  of  earthy  chlorides  and  sulphates.  It 
mai'ks  7  degrees  on  the  ‘  hydrotimetre.’  It  boils  vegetables  well,  dis-solves  soap, 
and  does  not  contain  any  organic  matter.  It  possesses  all  the  r-equisite  condi¬ 
tions  of  a  potable  water,  and  is  adapted  for  all  culinary  and  industrial  uses.  It 
will  leave  only  a  feeble  deposit  in  boilers  if  it  be  allowed  to  settle  for  a  short 
time.” 

“  Prom  an  agricultural  point  of  view,  and  in  the  opinion  of  several  nativ'e 
cultivatoi’s,  the  quantity  of  water  now  furnished  by  the  well  would  be  sufficient 
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for  tlio  cultivation  of  12  cawnies  of  rice  fields,  or  above  double  tbis  superficies 
for  inferior  {menus)  grain. 

“  The  sinking  of  tbe  tube  will  bo  continued  for  some  meters  more  or  so  to 
penetrate  further  into  the  water  sheet.” 

Pondicherry,  SOth  September  1877. 

The  search  for  these  water  sources  is  still  being  prosecuted  at  Pondicherry 
and  in  the  neighboui’hood,  and  this  has  been  attended  with  fair  success ;  but 
the  Government  boring  in  the  Ville  Ifoii'c  is  now  in  abeyance,  as  it  was  found 
impossible,  with  the  aj)pliances  at  hand,  to  drive  the  tube  down  beyond  tlie 
depth  attained,  namely,  about  550  feet,  and  there  has  boon  no  further  rise  of  water. 
It  is  proposed  to  run  down  a  tube  of  smaller  diameter,  when  opportunity  offers. 

In  the  meantime,  a  new  well  has  been  started  by  Government  in  the  village 
of  Ariankupam,  at  about  300  yards  from  the  south  or  right  bank  of  the  river  of 
that  name,  which,  however,  is  so  far  a  failure  also,  though  a  rising  sheet  of  water 
was  tapped  at  a  comparatively  slight  depth. 

Here  the  level  in  the  surrounding  wells  is  at  16'40  feet  below  surface  soil, 
perhaps  about  the  mean  level  of  Ariankup  livcr,  which  is  tidal. 

At  32 ’28  feet,  water  rose  to  a  height  of  3'83  feet  over  the  surface  soil. 
This  water  appears  to  have  been  the  pur-est  yet  obtained  in  this  way.  After 
throe  days  the  discharge  ceased,  and  the  water  disajjpoared  from  the  tube. 
Mr.  Poulain  conceived  this  might  be  attributable  to  accident ;  that  the  hole 
made  by  the  borer  was  larger  than  the  tube,  and  that  the  water  had  passed  away 
between  the  latter  and  the  surrounding  deposits  and  boon  absorbed  into  permeable 
beds  above,  and  on  this  he  suggested  to  Government  some  means  for  meeting  the 
mishap.  The  Engineer  preferred  to  proceed  with  the  boring  and  the  sinking  of 
the  tube,  and  now  a  depth  of  15?  feet  has  been  reached  without  a  further  water 
sheet  having  been  struck. 

The  deposit  latterly  pierced  is  a  clay  or  lithomarge  of  a  reddish  colour,  with 
veins  or  streaks  of  white,  such  as  is  occasionally  met  with  in  the  sandstones  of 
Pondicherry  and  Cirddalore,  below  which,  according  to  one  account,  is  a  conglo¬ 
merate  of  a  greyish  colour  and  hard  enough  to  be  taken  as  an  approach  to  beds 
of  that  series. 

It  is  indeed  vei-y  possible  the  Cuddaloro  sandstones  may  have  been  touched, 
or  that  the  borer  is  close  on  them,  it  being  not  at  all  unlikely  that  a  s  ub-alluvial 
ridge  or  plateau  of  those  beds  may  exist  at  no  great  depth  between  the  Ariankup 
and  Punoar  rivers,  there  being  here  a  gap  of  rather  unexplainable  width  in  the 
red  sandstone  belt. 

The  general  succession  of  beds  in  this  boring  is  :  — 

1.  Sandy  soil  and  sands, 

2.  Thin  band  of  black  clay, 

3.  Wliitish  clay, 

but  this  recjuii’cs  confirmation. 

A  private  boring  was  put  down  some  time  ago  at  Mudoliarpot,  a  small  village 
in  the  vicinity  of  the  Colonial  Gardens  and  the  Savaua  filature,  and  a  rising 
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these  of  water  was  tapped  at  49'20  feet,  which  remained  at  nearly  a  foot  below 
surface  soil.  The  rise  increased  on  the  boring  being  carried  deeper,  and  even¬ 
tually  stood  at  the  level  of  the  ground,  which  is,  however,  1'47  feet  above  the 
surface  level  at  Savana,  that  is,  10'47  feet  above  sea-level.  The  discharge  is  17’6 
gallons  a  minute,  but  the  tube  is  filled  with  sand  for  more  than  3  feet  from  the 
bottom,  which  when  cleared  may  allow  of  an  increased  flow. 

A  block  of  wood  or  a  tree  trunk  was  met  with  embedded  in  the  sand  at  72 
feet,  which  disappeared,  however,  in  some  unaccountable  manner  after  being  cut 
at  with  the  jumper  for  two  or  three  days.  Mr.  Poulain  seems  to  think  that  it 
may  have  been  carried  off  by  the  current  of  water  at  this  horizon ;  but  such  free¬ 
dom  of  motion  is  hardly  conceivable  in  alluvial  strata the  trunk  has  been 
probably  just  shoved  aside. 

The  beds  traversed  are  ; — 


Feet. 

Vegetable  mould . 1‘96 

Sandy  soil . .  •  31'65 

Black  clay  ..........  7‘87 

Coarse  and  fine  sand . 39’36 


This  succession  would  tie  in  W'ell  with  the  sections  exposed  by  the  Savana, 
Jardin  d’Acclimatation,  and  Upallem  borings,  though  the  clay  band  has  thinned 
out  a  good  deal  from  what  it  is  at  the  Savana  well. 

Another  well  was  commenced  last  year  in  the  village  of  Archiwakum,  about 
7  miles  south  of  Pondicherry,  which  reached  a  depth  of  144'32  feet,  after 
passing  through  the  following  strata : — 


Feet. 

Vegetable  mould  ........  1'64 

Bed  sandy  soil . 13'12 

Micaceous  sand  .........  13'12 


Very  bard  clay  of  yellowish  colour,  streaked  with  veins  of 

light  green  clay,  with  some  layers  of  white  sand  .  .  111'52 
“  A  sort  of  Molasse  ”  of  reddish  yellow  colour  .  .  .  3'28 

Sand! 

The  water  asiended  from  the  later  deposit  to  within  6’56  feet  of  the  surface 
soil,  the  wells  of  the  neighbourhood  having  their  water  at  13' 77  feet  below  sur¬ 
face,  or  perhaps  about  sea  level. 

This  boring  is  stopped  for  the  present,  as  the  pipe  cannot  be  forced  down 
any  further  ;  but  a  second  pipe  is  to  be  inserted  in  this,  after  which  better  jiro- 
gress  may  bo  made. 

The  boring  in  Mr.  Cornet’s  compound,  which  was  noticed  in  my  previous 
paper  (?.  c.  p.  115),  has  been  again  continued  with  the  ho23e  of  finding  a  sheet  of 
bettor  water.  It  is,  1  believe,  nearer  the  sea  than  any  of  the  other  wells  to  the 
south,  and  a  certain  oscillation  of  the  hydrostatic  level  of  that  sheet  w^as  observed 

•  Free  and  cavernous  pas'’.ngcs  arc,  I  fancy,  only  possible  in  bard  ami  rocky  strata,  and  most 
freipieutly  in  soluble  rocks,  sucb  as  limestones. 
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to  be  apparently  in  accord  wtb  the  rise  and  fall  of  the  tide ;  but  I  have  received 
no  farther  information  on  this  point-  -A.s  bearing^  on  this  an  important  fact  was 
bron^^ht  to  my  notice  by  His  Grace  the  Duke  of  Buckingham  in  connection  with 
the  tidal  observations  made  at  iladras  by  Colonel  Baird,  which  shows  that  there 
is  veiy  free  percohition  of  fresh  water  into  the  sea  on  the  coast  there.  It  appears 
that  a  well  or  cylinder  was  sunk  in  the  vicinity  of  the  harbour  works  for  a  tidal 
gauge,  and  it  was  found  that  the  water  in  this  well  became  fresh  in  a  very  short 
space  of  time.  This  indicates  a  head  and  large  supply  of  water  which  should 
be  struck  by  borings  of  no  great  depth.  It  may  be  that  a  stratum  of  this  kind 
has  been  tapped  by  aU  the  wells,  except  that  of  the  Ville  Xoire  and  in  the 
neighbourhood  of  Pondicherry,  the  few  tubes  put  down  having  offered  a  freer 
exit  than  that  existing,  not  only  on  the  sea  face,  but  also  in  the  beds  of  the  rivers 
near  the  coast. 

This  observation  at  iladras  implies  that  the  flow  of  water  shows  itself  at  a 
very  shallow  depth,  but  the  free  pereolation  must  be  deeper  than  this  under  the 
Madras  plain,  for  it  is  well  known  that  at  the  ordinaiy  depth  to  which  open  wells 
are  made  here,_  there  is  not  free  communication  of  their  waters.  For  instance,  in 
many  compounds,  wells  have  been  dug  at  various  spots,  only  some  of  which  con¬ 
tain  fresh  water’s.  A.  case  in  point  is  that  of  iMr.  Franck’s  compound  on  the 
Mount  Road,  an  area  of  about  3  or  4  acres  in  which,  as  far  as  I  remember,  5  wells 
were  dug,  most  of  which  gave  brackish  water,  so  here  in  this  small  space  and  at 
a  very  shallow  depth,  are  seams  of  permeable  sti-ata  which  can  hardly  be  in 
free  communication  with  each  other. 


Salt  is  Rajputas.^,  hy  C.  A.  Hacket,  Geological  Survey  of  hu.lia. 

The  soil  of  Rajpntana,  over  wide  areas,  is  impregnated  with  salt.  This  is 
more  particularly  the  case  on  the  western  side  of  the  Arvali  range  of  hills, 
where  large  quantities  of  salt  are  manufactured  from  the  efflore.scence  deve¬ 
loped  on  the  surface,  and  the  water  in  the  majority  of  the  weUs  is  too  brackish 
to  drink,  and  in  some  places  the  only  drinking  water  obtainable  is  from  small 
tanks  in  which  the  rain  water  is  collected. 

The  country  on  the  eastern  side  of  the  range,  north  of  A j  mere,  is  also  fre¬ 
quently  saliferous,  but  with  the  exception  of  a  few  place.s,  like  Sambhar  and 
Bhartpur,  not  nearly  to  so  great  an  extent  as  on  the  western  .side.  South  of 
A  j  mere,  on  the  eastern  side  of  the  range,  salt  is  not  met  with  in  any  quantity. 

So  many  descriptions  of  the  sources  and  process  of  manufacture  of  the  salt 
of  Rajpntana  have  been  published,  of  which  the  most  complete  are  those  in  the 
Gazetteer  of  Rajpntana  and  the  Reports  on  the  Administration  of  the  Inland 
Customs  Department,  that  it  is  unnecessary  for  me  to  enter  into  these  particulars. 
The  object  of  this  paper  is  to  give  a  brief  description  of  the  rocks  in  the  neigh¬ 
bourhood  of  the.se  salt  sources  -svith  reference  to  the  possible  origin  of  the  salt. 
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Tlio  salt  is  obtained  from  four  sources — 

1st. — From  tlie  large  shallow  lakes,  from  which  great  quantities  of  the  best  quality  of  salt 
are  obtained. 

2nd. — From  earth-wor-ks,  or  the  collection  of  the  efflorescence  on  the  surface  of  the  soil, 
re-dissolving  it  in  pits,  and  allowing  it  to  evaporate  in  shallow  pans. 

3rd.— From  vvoak  brine  wells,  as  at  Bhartpur. 

4<7i. — From  the  deposits  formed  in  old  beds  of  rivers. 

Tbo  earth-works  used  to  be  exceedingly  numerous,  particularly  on  the  western 
side  of  the  Arvalis,  but  they  are  now  mostly  abandoned.  Large  quantities  of 
salt  were  also  obtained  at  Pachbadra,  from  pits  sunk  in  a  hollow  supposed  to  be 
an  old  bed  in  the  Lfini  river. 

Under  the  new  salt  revenue  regulations  the  works  at  Bhartpur  arc  closed, 
l)ut  they  were  once  extensive.  In  the  Gazetteer  of  the  Bhartpur  State,  salt 
llgurcs  as  more  than  two  and  a  half  lakhs  of  rupees  in  the  revenue  recei[)ts 
for  1873-74.  The  principal  works  were  close  to  the  west  of  the  city,  where 
largo  evaporating  areas  were  supplied  with  brine  drawn  from  wells  in  the  open 
plain.  The  nature  of  the  source  is  altogether  obscure  :  there  is  no  natural  sur¬ 
face  efSoresocnce  or  any  other  sign  to  indicate  the  salt  below :  rich  cultivation  is 
carried  on  close  to  the  brine  wells,  and  in  other  wells  at  a  short  distance  off 
sweet  water  stands  at  about  the  same  level.  At  the  time  of  observation 
(December  18GS)  the  briny  water  was  only  20  feet  from  the  surface,  and  was 
said  to  be  20  to  30  feet  deep.  A  well  then  being  worked  was  said  to  have  boon 
in  use  for  28  years,  without  sensible  change  in  the  quality  of  the  water.  In 
one  unlined  well  the  20  feet  over  water  level  was  seen  to  bo  one  unbroken  mass 
of  sandy  kankaiy  clay,  of  the  type  so  general  in  the  great  alluvial  deposits  of 
the  plains. 

At  present  the  manufacturing  operations  are  almost  restricted  to  the  salt 
lakes,  the  most  important  of  which  are — 

Sambbar  on  the  borders  of  Jeyporo  and  Jodbpore  — 

Kaclior-Bewasa  ...  ...  ...  ...  in  Sbaikbawati. 

Uidwaiia  and  Plmlodi  ...  ...  ...  ..  in  Jodbpore. 

Lonkara  Snr  ...  ...  ...  ...  in  Bikaneer. 

But  as  I  have  visited  only  the  first  three  of  these  lakes,  my  remarks  will  be 
confined  to  them. 

The  Sdmhhar  Lahe — is  situated  on  the  eastern  side  of  the  Aiwali  range 
(Indian  Atlas  sheet  33,  S.  E.).  Its  greatest  length  is  about  20  miles,  and 
the  average  breadth  is  about  5  miles.  Its  greatest  depth,  near  the  centre,  at 
tbo  end  of  the  rains,  is  seldom  more  than  3  feet. 

The  Arvali  range  near  the  lake  consists  of  several  broken  parallel  ridges  of 
quartzite,  some  of  them  rising  to  a  height  of  1,000  feet  above  the  level  of  the 
plain.  The  ground  between  the  ridges  is  not  much  higher  than  the  level  of  the 
])lain  to  the  cast,  and  is  mostly  covered  by  the  blowTi  sand. 

The  country  oast  of  the  range,  and  surrounding  the  lake,  is  covered  by  long 
ridires  of  sand  running  in  an  east  and  west  direction,  some  of  them  ninvards 
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of  100  feet  in  height  above  the  level  of  the  lake ;  thus  the  northern  shore  of  the 
lake  near  Guclha  is  1,184  feet  above  sea  level,  whilst  An,  about  1  mile  from 
the  southern  shore,  is  1,262  feet,  Singla,  4  miles  from  the  southern  shore, 
1,292  feet,  and  Duri,  about  6  miles  east  of  the  lake,  1,363  feet  above  sea  level. 

These  ridges  of  sand  arc  formed  by  the  west  wind  bringing  the  sand  through 
the  gaps  in  the  ridges  of  quartzite  forming  the  range.  The  lake  is  merely  a  hollow 
in  the  sand,  lower  than  the  surrounding  country,  from  the  fact  of  its  lying  under 
the  lee  of  one  of  the.se  high  ridges  and  so  protected  from  the  blown  sand. 

The  drainage  area  of  the  lake  is  about  2,200  square  miles. 

Of  the  two  princi25al  streams  that  flow  into  the  lake,  one  talces  its  rise  about  fiO 
miles  to  the  north-ea.st,  and  the  other  near  Ajmore  about  40  miles  to  tho  south. 

As  the  lake  becomes  dry,  a  deposit  of  black  mud  is  left  at  tho  bottom,  which, 
when  diy,  contains  numerous  small  crystals  of  salt.  Mr.  Adams,  tho  Assistant 
Commissioner  of  Inland  Customs  at  Sambhar,  gives  the  following  section  of  a  j)it 
sunk  10  feet  dee})  in  the  bottom  of  the  lake  near  the  low  water  level  opposite 
JajDOg.  “  After  penetrating  through  a  layer  of  about  one  and  a  half  feet  in 
thickness  of  the  dark  gieyish  sand  which,  when  covered  with  -water,  becomes  the 
black  mud  of  the  lake,  about  half  a  foot  of  quicksand  with  brine  was  met 
with.  Below  this  a  black  micaceous  sand  occurred,  which  was  much  decomposed 
on  the  surface,  but  which  became  gradually  harder  downwards.  A  very  similar 
stratum  of  micaceous  schists'  occurs  in  wells  about  4  miles  to  the  south¬ 
east  of  Ja2)og.”  (Inland  Customs  Rejsort,  1870-71,  p.  113). 

Outcrojis  of  these  schists  occur  on  the  shores  of  the  lake  near  Japog  and 
several  other  places.  They  belong  to  the  Arvali  series  of  rocks,  of  which  mention 
will  presently  be  made. 

Calcareous  dej^osits  of  considerable  thickness  are  of  frequent  occurrence  I’ound 
the  shores  of  the  lake.  They  are  well  developed  near  Sambhar  and  Nan-^va. 
Those  dejiosits  are  apparently  formed  by  the  infiltration  of  water  into  the  blown 
sand  forming  the  banks  of  the  lake.  Upwards  of  20  feet  of  this  concretionary 
limestone  is  exjjosed  in  a  well  sunk  on  the  southeni  shore  of  tho  lake  near 
Kotarsina. 

Tho  followdng  statements  relating  to  the  specific  gra'('ity  of  the  lake  water  is 
taken  from  Mr.  Adams’  report  for  1870-71  {1.  c.  p.  115)  “  The  specific  gravity 

of  the  lake  w'ater  during  the  past  rains  never  -was  less  than  that  of  sea  -water, 
the  siiecific  gravity  of  sea  -water  being  given  as  1'03,  while  tho  lake  wuter  on 
30th  July  gave  1‘03.  In  August  about  5  inches  of  rain  fell,  and  as  the  evajjo- 
ration,  owing  to  the  humid  state  of  the  atmosphere,  -was  alight,  tho  specific  gravity 
was  the  same  as  that  at  the  end  of  July.  During  September  the  specific  gravity 
kept  at  1’04  ;  in  October  it  increased  from  105  to  1'07 ;  in  November  it  varied 
from  1-08  to  TIO ;  in  December,  owing  to  some  slight  showers  of  rain,  it  was 
reduced  to  1‘095 ;  in  January  it  increased  from  I'll  to  1-14;  in  February  it 
increased  from  I'lo  to  1-20,  and  at  this  specific  gravity  salt  began  to  deposit. 
No  difference  of  gi-avity  was  at  any  time  observed  in  tho  brine  taken  from  the 
.surface  and  that  taken  from  the  deepest  part  of  the  lake. 

>  It  is  to  1)0  presumtd  tLat  the  ‘  sand  ’  of  the  preceding  seiitciico  is  decomposed  schist. 
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“  The  specific  gravity  of  a  saturated  solution  of  salt  is  1-2046,  but  on  tlie  9tb 
Marcli  the  specific  gravity  of  the  bigbly  concentrated  lake  brine  was  1-22,  and  on 
the  30tb  March  1-245.  In  this  state  the  chemical  solution  is  so  dense  that  pre¬ 
cipitation  in  the  form  of  truncated  pyramid-shaped  crystals  (the  well-known  form 
of  the  Siimbhar  salt)  is  constantly  occurring,  until  a  layer  of  salt  about  2  inches 
in  thickness  overlies  the  mud  of  the  lake.” 

Dr.  H.  Warth  gives  the  following  analyses  of  the  lake  brine  (?.  c.,  1871-72, 
p.  155) 

“  The  samples  examined  were  as  follows  : — 

1.  Lake  brine — 

A.  — Common  brine  from  the  lake,  10th  December,  100  yards  from  the 

shore  near  Japog. 

B.  — The  same  brine  artificially  saturated. 

C.  — Brine  from  Japog,  24th  January. 

2.  SubteT'ranean  brine,  or  percolation  brine,  taken  from  diggings  in  the  lake 

bed  at  places  wbei’o  the  surface  water  had  receded — 

A.  — Brine  from  reservoir  in  walled  enclosure  Ko.  2,  10th  December. 

B.  — Brine  from  the  same,  on  13th  January. 

C.  — Brine  from  a  hole  made  on  the  shore  near  Japog,  10th  December. 

3.  Mother-liquor — Residue  brine  from  the  manufacture  of  salt  in  kyaris — 

A.  — Mother-liquor  from  walled  enclosure,  No.  2,  December  1869. 

B.  — Mother-liquor  from  the  same,  17th  January  1870. 

0. — Mother-liquor  from  -walled  enclosure  No.  1,  26th  January  1870. 


Analyses. 


Lake  Brine. 

Subterranean  Brine. 

Mother-Liquor. 

A. 

B. 

C. 

A. 

B. 

C. 

A. 

B. 

C. 

Dry  residuum 

2T9 

27-1 

27-8 

22-7 

20-8 

20-1 

30-6 

30-4 

30-4 

Water 

78-0 

72-6 

72-2 

77-5 

79-3 

80-0 

68-8 

68-8 

68-4 

Oliloride  of  sodium 

19-9 

24-6 

24-8 

19-7 

17-5 

17-3 

19-1 

20-5 

19-4 

Sulphate  of  soda 

1-6 

2-0 

2-6 

2-5 

2-5 

2-5 

7-1 

9-4 

6-5 

Carbonate  of  Soda 

0-4 

0-5 

0-4 

0-5 

0-8 

0-3 

4-4 

0-5 

4-5 

Total 

99-9 

99-7 

1000 

100-2 

100-1 

100-1 

99-4 

99-2 

98-8 

Percentage  of  foreign  salt  in 
dry  rcsidimiu 

9-1 

9-2 

10-8 

13-2 

15-9 

13-9 

37-6 

32-6 

36*2 

Average 

97 

14-3 

35-5 
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Analysis  of  day  from  Lahe-hed. — “  Tlic  sample  was  taken  from  tlie  Lake-bed, 
some  feet  under  the  surface,  when  the  reservoir  was  being  excavated,  in  walled 
enclosure  No.  2,  in  December  1869. 


Water  ...  ...  ...  ...  ,,,  38'9 

Silica  ...  ...  ...  ...  ,,,  25'0 

Oxide  of  alumina,  iron,  iScc.  ...  ...  ...  8'6 

Carbonate  of  lime  ...  ...  ...  ...  8'1 

,,  of  magnesia  ...  ...  ...  3-4 

Cliloride  of  sodium  ...  ..  ...  ...  13-1 

Sulphate  of  soda  ...  ...  ...  ...  2’8 

Carboimte  of  soda  ...  ...  ...  ...  0  3 

Total  ...  100 


“  Proportion  of  foreign  salts  in  the  soluble  substance,  18' 1  per  cent.” 

The  Didn-dna  salt  lake — is  situated  about  20  miles  to  the  west  of  the  Ai'vali 
j'ange  and  35  miles  from  the  iSambhar  lake  in  a  north-westerly  direction.  It  is 
about  4  miles  long  and  1|  miles  broad.  During  the  rains  there  is  mostly  a  foot 
or  so  of  water  in  the  lake,  but  which  soon  dries  up.  When  I  was  there  in  Nov¬ 
ember  it  was  quite  dry,  with  the  exception  of  a  few  patches  of  mud. 

The  origin  of  the  lake  is  similar  to  that  of  the  Sambhar  lake.  It  i.s  situated 
under  the  lee  of  a  short  ridge,  between  300  and  400  feet  in  height  above  the  level 
of  the  plain,  and  .so  protected  from  the  blown  sand,  which  about  here  forms  long- 
ridges  sometimes  upward.s  of  a  100  feet  bigb,  extending  in  an  east-north-east 
direction.  Thi.s  is  also  the  direction  of  the  longer  axi.s  of  the  lake. 

Two  dam.s  are  built  across  the  lake  at  about  tliree-fourths  of  a  mile  from 
either  end,  to  cut  off  the  accos.s  of  surface  water. 

The  mode  of  procuring  the  salt  differ.s  from  that  at  the  Sambliar  lake.  At 
Didwana  wells  of  about  6  feet  in  diameter  are  sunk  in  the  bottom  of  the  lake  to  a 
depth  of  about  15  feet,  the  bottom  of  the  w-ell  is  then  pierced  to  a  further  depth 
of  2  or  3  feet,  by  a  heavy  iron-shod  pole,  when  the  brine  rises  suddenly  to  within 
4  feet  of  the  mouth  of  the  well,  at  which  level  it  constantly  stands  during  the 
hot  weather  and  the  rains.  When  the  wells  are  first  pierced  large  quantities  of 
sulphuretted  hydrogen  gas  are  evolved,  and  even  in  the  old  wells  the  smell  of  the 
gas  is  vei-y  strong. 

The  sections  exposed  in  the  wells  consist  of  alternations  of  sand  and  sandy 
calcareous  tufa. 

The  brine  from  these  wells  bas  a  specific  gravity  of  about  1"2.  It  is  lifted  by 
tbe  clianat,  or  lever  bucket,  into  shallow  pans  of  about  20  j-ards  square  and  allowed 
to  evaporate,  when  the  salt  is  collected. 

The  manager  of  the  works  told  me  that  the  cost  of  manufacture  was  only 
Re.  I  for  200  maunds. 

The  Kadior-Rewassa  lake — is  situated  in  Shaikhawati,  about  30  miles  north  of 
the  Sambhar  lake.  It  is  very  shallow,  and  when  I  was  there,  perfectly  dry,  and 
no  manufacture  of  salt  was  being  carried  on. 

F 


20^ 


Jiecords  of  tlm  Oeolojkal  Survey  of  India. 


[vOL.  XIII. 


Geological  features, — Tbe  rocks  forming  tlio  Arvali  range  belong  to  tlio 
gneissic  or  metamorpbic  series  and  tbe  lower  transition  or  sub-metamorphio 
series.  Tire  latter  series  consists  of  schists,  slates,  limestones,  and  quartzites,  and 
Las  been  called  the  Arvali  series.  All  the  sections  across  the  range  show  that 
the  rocks  have  been  gi'catly  disturbed,  folded,  and  repeated  several  times.  Tho 
flip  is  always  high,  seldom  less  than  70°,  and  often  vertical.  The  most  prominent 
features  in  the  range  are  formed  by  tho  quartzites,  the  highest  member  of  the 
Arvali  series ;  thus,  Taragarh  hill  near  Ajmere,  2,855  feet  above  sea  level,  is 
formed  of  this  quartzite,  as  well  a.s  the  ridges  immediately  we.st  of  the  Sambhar 
lake,  one  of  which  rises  to  tho  height  of  2,430  feet,  and  tho  ridges  of  quartzite, 
of  the  southcTO  poi-tion  of  the  range,  south  of  Todgarh,  attain  an  elevation  of 
upwnrds  of  4,000  feet  above  the  sea. 

Complete  sections  of  the  Arvali  series,  from  the  gneiss  to  the  top  quartzites, 
arc  exposed  both  to  tho  south,  near  Ajmere,  and  to  the  north  of  the  Sambhar 
lake  in  Shaikhawati,  but  in  the  neighbourhood  of  the  lake  only  a  skeleton  of  the 
range  is  left,  consisting  almo.st  entirely  of  vertical  ridges  of  quartzite,  the  lower 
and  softer  slates,  schists,  &c.,  having  for  the  most  part  been  worn  down  below 
the  level  of  tho  jilain  and  covered  bj^  the  alluvium  and  blown  sand. 

Several  outcrops  of  tho  Arvali  schists  occur  on  tho  shores  of  the  Sambhar 
lake,  particularly  a  few  mile.s  W'est  of  Sambhar.  The  only  other  rocks  exposed 
arc  portions  of  two  broken,  roughly  parallel  ridges  of  quartzite,  one  at  tho 
western  end  of  the  lake,  and  the  other  near  the  centre,  a  short  distance  east  of 
Nanw’a.  The  famous  marble  quarries  of  Makrana  are  situated  on  the  western 
side  of  tho  range,  about  lO  miles  due  west  of  the  lake. 

No  rocks  are  exposed  in  the  bed  of  the  Didwana  lake,  but  a  considerable 
thickness  of  slates  occurs  in  tho  hills  a  .short  distance  to  the  w^est ;  there  are  also 
some  hills  of  quartzite  at  Kolia  and  Patan,  a  few  miles  distant  from  the  lake. 

Besides  the  motamorphic  and  sub-metamoi'phic  rocks  of  which  the  central 
range  is  composed,  another  scries  of  rocks,  tho  Vindhyans,  occur  near  it  on  the 
w'estei’n  side.  The  eastern  boundary  of  these  Vindhyans  runs  from  Sojat  to  Kh;ltu, 
at  a  distance  of  about  20  miles  fr’om  the  western  edge  of  the  range.  West  from 
this  line  they  extend  almost  continuously  to  the  west  of  Jodhpore.  Tho 
Vindhyans  of  this  area  consist  of  sandstone,  limestone,  and  conglomerate  ;  they 
are  but  slightly  disturbed,  being  mostly  horizontal,  and  seldom  dip  at  a  higher 
angle  than  5°.  They  rest  quite  unconformably  upon  the  Arvali  series.  Good 
sections  of  this  unconformity  ai’e  exposed  both  at  Sojat  and  Khatu,  where  the 
nearly  horizontal  sand.stone  of  tho  Vindhyans  rests  upon  the  edges  of  the  vertical 
Arvali  slates. 

As  no  fossils  have  as  yet  been  found  cither  in  tho  Vindhyan  or  Arvali  series, 
their  age  cannot  be  determined  with  any-  certainty.  There  is  a  great  break 
between  the  Vindhyans  and  the  Gondwanas,  the  next  series  in  ascending  order ; 
and  as  the  lowest  group,  the  Talchirs,  of  the  latter  are  probably  permian,  the 
Vindhyans  are  not  likely  to  be  younger  than  the  carboniferous  and  possibly  much 
older.  The  unconformity  between  the  Vindhyans  and  the  Arvalis  is  very  great, 
it  is  almost  necessary  to  suppose  that  the  Arvali  range  was  formed  previous  to 
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the  deposition  of  tlic  Viudliyans,  in  wLicli  case  the  Arvali  scries  would  bo  of  very 
ancient  date,  probably  Cambrian. 

The  favourite  theory  to  account  for  the  origin  of  the  salt  in  Rajputanais,  that 
the  rocks  of  the  Arvalis  belong  to  the  “  Permian  system,”  which  is  confounded 
with  the  saliferous  rocks  of  England  ;  and  that  the  salt  of  this  region  is  derived 
from  some  of  these  beds  as  yet  undiscovered,  being  dissolved  by  the  rains  and 
rivers  and  rodeposited  in  the  shallow  lakes. 

I  have  already  shown  that  both  the  Viudliyans  and  Arvalis  arc  older  than  the 
permian ;  but  this  would  not  di,sposo  of  the  assumption  that  either  one  or  both 
of  these  series  might  contain  .salt  bods.  As  tlie  lower  beds  of  the  Arvali  series 
arc  covered  by  the  alluvium  and  blown  sand  in  the  neighbourhood  of  the  Siimbhar 
and  Didwana  lakes,  it  is  impossible  to  say  that  salt  beds  do  not  exist  in  that 
position ;  but  it  is  evident,  from  the  wide  distribution  of  the  salt,  that  it  could 
not  be  derived  and  distributed  in  the  alluvium  from  one  or  two  local  sources, 
and  therefore,  if  the  origin  of  the  salt  be  in  the  rock,  its  occurrence  there  must  be 
frequent,  aud  the  probabilities  of  detecting  it  (or  traces  of  it)  in  situ  would  bo 
very  great. 

I  have  examined  a  very  large  area  occupied  by  the  Arvali  scries,  from  the 
extreme  northern  end  of  the  Arvali  range  to  within  a  short  distance  of  Mt.  Abu, 
without  finding  any  trace  of  a  salt  deposit,  notwithstanding  the  numerous  com¬ 
plete  sections  of  the  series  that  arc  exposed,  from  the  gneiss  to  the  highest 
known  beds. 

There  seems  even  less  probability  of  salt  escaping  detection  in  the  Vindhyans; 
for  in  the  very  large  area  covered  by  them  in  this  region,  both  to  the  south-east 
and  to  the  north-west  of  the  Arvali  range,  the  whole  formation  is  exposed,  from 
its  very  base,  wdthout  any  contortions  to  favour  the  concealment  of  peculiar  beds, 
yet  no  ti’acc  of  a  salt  de^iosit  has  been  observed.  * 

The  artificial  lakc.s,  wells,  aud  rivers  afford  stronger  evidence  that  the  salt 
is  not  derived  from  either  the  Arvalis  or  the  Vindhyans.  There  arc  several 
large  artificial  lakes  and  tanks  within  the  range  at  elevations  greater  than  that 
of  the  plains.  The  principal  of  these  arc  the  Ana  Sagar  at  Ajniere,  situated  in 
an  eroded  anticlinal  fold  of  the  Arvali  strata  in  the  centre  of  the  range,  Pohkar 
lake  near  the  western  side,  and  the  Rae  Samand  at  Kankroli  on  the  eastern  side 
of  the  range.  The  water  supplying  these  as  well  as  the  numerous  smaller  tanks 
of  the  range  flows  over  more  or  less  complete  sections  of  the  Arvali  rocks,  aud  i.s 
in  all  of  them  sweet. 

Of  the  numerous  wells  sunk  in  the  Arvali  rocks  of  the  range,  I  do  not  remem¬ 
ber  that  the  water  in  any  of  them  was  brackish. 

The  Luni  river,  and  its  numerous  tributaries  draining  the  greater  portion 
and  a  long  length  of  the  Arvali  range,  contain  sweet  water  as  far  as  the  western 
edge  of  the  range ;  but  after  flowir  g  some  distance  over  the  plain  to  tlje  w'est, 
the  water  becomes  saline,  and  salt  is  deposited  on  the  banks  in  the  hot  season, 
when  the  rivers  cease  to  flow.-  At  Pachbadra,  3.5  miles  south-west  of  Jodh- 
porc,  large  quantities  of  salt  arc  manufactured  in  a  valley  near  to,  and  probably 
an  old  bed  of,  the  Luni.  The  Banas  river  aud  its  tributaries  flowung  to  the 
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east,  drain  a  considerable  portion  of  the  range,  and  the  waters  remain  sweet 
throughout. 

The  wells  sunk  in  the  Vindhyan  rooks,  on  the  western  side  of  the  range, 
contain,  without  exception,  sweet  water,  while  those  sunk  in  the  alluTium  a 
short  distance  off  contain  brackish  water. 

As  it  seems  improbable  that  the  salt  is  derived  from  either  the  Arvali  or  the 
Vindhyan  series,  the  only  visible  source  remaining  is  the  alluvium.  It  has  been 
suggested  that  the  alluvium  is,  in  part  at  least,  of  marine  origin,  and  that  the 
salt  lakes  are  parts  of  the  old  sea  bottom  in  which  the  salt  has  accumulated.  As 
no  good  sections  of  the  alluvium  west  of  the  Arvali  range  are  exposed,  the  beds 
of  all  rivers  being  shallow,  seldom  more  than  20  feet  below  the  level  of  the  plain, 
and  as  large  areas,  more  especially  in  the  northern  portion,  are  covered  by  blown 
sand,  it  is  difficult  to  produce  any  dii’ect  evidence  on  this  point. 

Mr.  Blanford  found  a  mollusk  (Potamkles  laganli),  an  inhabitant  of  salt 
lagoons  on  the  coast,  in  one  of  the  salt  pools  near  Umerkot,  from  which  ho  in¬ 
ferred  that  an  arm  of  the  sea  extended  as  far  as  this  in  recent  times.  But 
Umerkot  is  more  than  300  miles  nearer  the  sea  and  several  hundred  feet  lower  than 
the  level  of  the  plain  near  the  Sambhar  lake.  In  the  portion  of  the  alluvium 
that  I  have  examined,  extending  south  to  25°  north  latitude,  I  have  not  seen  a 
marine  shell ;  but  in  several  places,  in  the  old  banks  of  the  rivers,  1  have  found 
fresh- water  shells  of  existing  species. 

In  my  examination  of  the  alluvium  west  of  the  Arvali  range,  I  mot  with 
several  ridges,  many  miles  in  length,  of  water-worn  boulders,  often  as  much 
as  1  foot  in  diameter.  Nearly  all  of  them  were  formed  of  the  hard  quartzite 
of  the  Arvali  series,  and  must  have  undergone  much  rolling  to  reduce  thorn 
to  their  present  shape.  A  short  distance  west  of  Khatu,  and  about  35  miles 
west  of  the  Arvali  range,  there  are  two  parallel  iddgcs  formed  of  these  boulders, 
about  a  mile  apart  at  their  nearest  points  and  about  6  miles  in  length,  running 
nearly  north  and  south.  How  far  north  they  may  extend  I  am  iunable  to  say ; 
but  to  the  south  they  reach  in  a  broken  line  to  the  Luni  river,  a  distance 
of  upwards  of  70  miles.  The  boulders  sometimes  rest  upon  the  Vindhyans,  and 
are  frequently  isolated  in  the  alluvium.  The  base  of  the  ridges  is  never  above 
the  level  of  the  plain.  The  boulders  are  clearly  superficial  to  the  Vindhyans  and 
of  comparatively  recent  origin;  but  whether  they  mark  the  course  of  a  large 
river  or  of  an  ancient  coast  lino,  it  would  be  rash  at  present  to  decide. 

General  condusiom. — If  the  question  of  origin  from  rocks  underlying  the  allu¬ 
vium  could  be  decided  from  all  that  is  visible  of  these  rocks  above  the  alluvium, 
and  if  the  whole  nature  of  these  covering  deposits  could  be  told  from  what  we  can 
see  of  them  in  shallow  sections  at  the  surface,  the  answer  in  both  cases  would  bo 
in  the  nogativo,  and  the  only  source  remaining  for  the  salt  would  be  its  local 
production  from  natural  causes  still  in  operation.  Theoretically  the  case  i.s 
possible,  as  any  modern  schoolboy  knows  that  lakes  without  an  outflow,  and 
to  a  great  extent  the  ocean  itself,  become  saline  from  the  continual  concentration 
by  evaporation  of  what  wo  call  sweet  water.  In  the  present  case,  however,  the 
process  with  known  data  seems  inadequate  to  the  result.  For  a  long  time  the 
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pi’oduction  of  salt  from  the  Sanibhar  hike  has  })ecn  on  an  oxtensivo  scale,  and,  as 
a  source  of  salt,  the  lake  dates  from  the  mythical  ago.  Myths  are,  no  doubt,  still 
a  popular  product  of  contemporary  invention,  and  I  cannot  say  whether  histori¬ 
cal  documents  throw  any  light  upon  the  remote  statistics  of  salt  manufacture  at 
Sambhar.  But  the  facts  in  hand  arc  sulBoieut,  without  appealing  to  ancient 
history;  and  I  have  seen  no  mention  of  any  symptoms  of  failing  in  the  supply. 
To  accomplish  so  much  within  any  reasonable  time,  Avith  a  catchment  basin  of 
only  2,000  square  miles,  would  seem  an  impossible  feat,  and  we  must  not  forgot 
that  the  foi-mation  of  the  lake  itself,  as  already  desci’ibcd,  is  apparently  due  to 
conditions  that  are,  at  least  geologically,  modern ;  the  reign  of  sand  in  Raj¬ 
putana  may  almost  certainly  be  assigned  as  a  result  of  the  reign  of  quasi-civilized 
man,  the  Rajput  and  his  compeers ;  for  it  can  scarcely  be  doubted  that  it  Avas 
once  in  the  possession  of  the  forest  pidmcval. 

In  this  connection  it  has  been  considered  Avhether  we  might  not  call  in  the  aid 
of  some  of  the  great  northern  rivers.  It  is  Avell  knoAvn  that  the  Satlej  for¬ 
merly  lloAved  far  to  the  east  of  its  jaresent  course,  and  it  is  geologically  possible, 
or  even  probable,  that  the  Jumna  once  upon  a  time  fioAved  through  Rajputana, 
w’est  of  the  Arvali  range.  ^  The  Avaste  AA'aters  of  those  rivers,  distributed  AAndely 
by  overfloAV  and  percolation,  before  the  channels  became  diverted  into  loAVcr 
ground,  must  have  supplied  to  the  soil  a  vciy  large  amount  of  saline  matter,  and 
under  suitable  conditions  of  evaporation  and  jAercolation  this  might  bo  retained 
in  those  upper  deposits.  At  the  present  day  all  the  rainfall  on  the  tract  betAvcon 
the  Jumna  and  the  Satlej,  where  is  noAV  the  ‘divide’  between  the  basins  of  tho 
Indus  and  tho  Ganges,  including  the  Avater  of  some  considerable  streams  from  the 
SiAA^alik  hills,  is  wdiolly  dissipated  or  absorbed  AAothin  that  area,  there  being  little 
or  no  escape  by  surface  drainage.  It  seems,  hoAvcver,  that  this  aid  cannot  bo 
called  in  at  Sambhar,  AA’ithout  almost  inadmissible  assumjhions  as  to  changes  of 
level.  There  is  certainly  no  room  to  suppose  that  the  area  under  consideration 
has  suffered  from  erosion ;  and  at  present  the  alluAual  spill  from  the  Himalaya 
on  the  north  meets  that  of  the  ArAmli  from  the  south  about  Hissar,  Avhore  aa'o  find 
the  loAvest  gi'ound  in  the  cross-section  of  the  ludo-Gangetic  plains  at  their  w'ater- 
shed.  The  elevation  at  Hissar  is  700  feet,  or  neaily  500  feet  lower  than  tho 
Sambhar  lake,  ICO  miles  to  the  south. 

There  is  j'ct  another  fact  to  be  considered  in  this  discussion.  Without  ex¬ 
ception,  so  far  as  knoAA'n,  SAveet  water  is  obtainable  from  tho  alluvial  deposits 
at  loAver  levels  than  the  saline  Avater.  I  cannot  say  that  this  has  been  tried  at 
any  actual  focus  of  salt  production,  but  it  is  a  fact  of  universal  exjAerienee  and 
practice  in  tho  region  under  notice  and  throughout  the  plains  of  north-west  India 
to  sink  deep  wells  for  fresh  Avater,  Avhero  the  upper  w’ater  stratum,  as  A'cry  often 
happens,  is  too  salty  for  use.  It  might  seem  at  first  sight  that  this  fact  Avould 
at  once  pAit  out  of  court  a  question  we  have  had  to  leave  undecided — Avhother 
there  may  not  be  recent  marine  deposits  bcloAV  the  surface  alluvium,  which  latter 
is  everywhere  proved  by  its  fossil  contents  to  be  of  fresh  Avater  origin ;  but  it  is 
abundantly  proved  that  strata  Avdiich  must  have  been  originally  impregnated  Avith 
*  See  section,  ‘  The  Pliiius,’  iu  the  GezeUeoi'  of  the  rmijah. 


[voL.  xiir. 


2(j6  Records  of  the  Geological  Siiireg  of  India. 

salt  water  become  purged  by  tbe  forced  circulation  of  fresb-water  underground' 
from  artesian  pressure,  so  our  fact  is  of  small  account  in  the  argument  for  or 
against  marine  strata  in  the  alluvium.  It  is,  however,  of  great  weight  in  the 
argument  for  the  local  and  actually  operative  production  of  these  deposits  of  salt ;; 
for  it  is  almost  beyond  question  that,  as  a  common  phenomenon  in  Upper  India, 
the  saline  condition  of  the  upper  water  stratum  is  due  to  the  present  operation 
of  assignable  conditions  upon  the  surface  and  subsoil  waters,  whether  rain  water 
or  as  derived  by  percolation  or  irrigation  from  rivers  and  canals. 

With  such  good  evidence  of  a  vera  causa  of  salt  production  actually  in  opera¬ 
tion,  it  should  certainly  be  an  object  of  continued  observation  and  study  whe¬ 
ther  such  extreme  cases  of  local  concentration  may  not  be  brought  within  its 
action.  It  may,  nevertheless,  bo  well  to  point  out  what  alternatives  remain  for 
those  extreme  cases.  We  can,  I  think,  confidently  assert  that  the  Arvali  forma, 
tion  (or  rock  series)  is  not  the  repository  of  rock-salt.  These  strata  occur  in 
many  outliers  far  into  the  alluvium  on  the  prolongation  of  the  range,  and  always 
in  the  same  condition  of  extreme  disturbance.  There  is  a  strong  probability 
that  what  is  seen  of  them  in  natural  outcrops  throughout  the  range  may  bo 
taken  as  fully  representative  of  the  whole  series.  Of  the  Vindhyans  it  may  be 
asserted  with  even  groater  certitude  that,  so  far  as  seen,  they  do  not  and  never 
did  contain  rock-salt.  It  has  even  been  conjectured  that  this  formation,  so  far  as 
known,  is  of  fresh-water  or  subaerial  origin  ;  but  this  very  conjecture  might  en¬ 
courage  the  supposition  of  contemporary  salt  deposition  in  contiguous  areas 
while  the  undisturbed  condition  of  those  rocks  would  bo  in  favour  of  the  total 
concealment  of  any  such  deposits  at  a  lower  level  than  the  actual  outcrops.  The 
area  of  covered  ground  here  is  quite  extensive  enough  to  conceal  any  such  depo¬ 
sits  of  Vindhyan  or  of  any  subsequent  age ;  and  thus  there  remains  the  possibility 
of  such  a  source  for  the  salt  of  Sambhar  and  of  other  localities  of  apparently 
unlimited  production. 


Record  op  gas  and  mud  eruptions  on  the  Aeakan  Coast  on  12th  March  1879 

AND  IN  June  1843. 

The  following  reports  by  the  local  officers  upon  cases  of  eruptive  action  on 
the  Arakan  Coast  are  in  continuation  of  those  published  in  the  Records  for 
February  1879,  Vol.  XII,  ji.  70  : — 

From  Libut.-Colonei  AV.  W.  Pemberton,  Deputy  Commissioner,  Kyouk-Phyoo,  to  the 
Commissiouer  of  Arakau,  Akyab, — No.  4i-14,  dated  23rd  June  1870. 

Referring  to  your  endorsement  No.  451-222,  General,  dated  7th  May  last,  on  the 
subject  of  a  recent  volcanic  eruption,  I  have  the  honour  to  state  as  follows  : — 

The  Extra  Assistant  Commissioner  of  Cheduba  was  asked  for  a  report  on  the  subject, 
and  ill  his  reply  he  states  that  the  eruption  did  not  occur  on  the  i.sland  of  Cheduba.  Some 
fishermen,  who  were  out  at  .sea-fishiiig  at  the  time  of  the  occurrence,  told  him  that  they  had 
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■observed  the  plieiiomenon  and  tliought  it  occurred  on  the  island  of  Ma-Gyee,  wlnle  persons 
residing  on  that  island  said  they  had  seen  the  illumination  seawards  north  of  the  island. 
The  Extra  Assistant  Commissioner  then  states  that  afterwards  he  was  informed  by  a 
Burmese  medical  practitioner  who  happened  to  be  at  Sandovvay  on  the  night  of  the  occur¬ 
rence,  that  the  explosion  took  place  on  a  small  island  situated  south  of  the  Tha-dai- 
chyoungvva  creek,  in  the  Sandoway  district,  which  statement  was  corroborated  by  some 
fishermen  who  came  from  Kha-Mongdoon,  in  the  Sandoway  district,  and  who  happened  to  be 
fishing  at  sea  at  the  time  the  phenomenon  occurred. 

Previous  to  the  receipt  of  your  letter  under  reply,  I  had  hoard  of  the  occurrence,  and 
sent  to  the  Extra  Assistant  Commissioner  of  Cheduba  for  a  report  on  the  subject,  but  the 
outbreak  of  cholera  in  the  town  prevented  him  from  making  the  enquiry  for  some  time. 


From  Major  M.  C.  Poole,  IDeputy  Commissioner,  Sandoway,  to  the  Commissioner  of 
Arakan,  Akyab, — No.  3-49,  dated  29th  April  1879. 

In  continuation  with  the  subject  of  your  letter  No.  95,  dated  4th  instant,  I  have  the 
honour  to  mention  that  when  at  Htsongoung  on  the  12th  March,  I  saw  the  sky  brilliantly 
illuminated  by  an  eruption  of  the  volcano  at  Cheduba.  Some  of  the  Burmans  with  me  going 
on  shore  and  looking  aci'oss  the  sea  in  the  direction  of  Cheduba  distinctly  saw  the  flames. 
You  have  doubtless  received  further  details  from  the  Deputy  Commissioner,  Kyouk-Phyoo. 


From  Major  M.  C.  Poole,  Officiating  Deputy  Commissioner,  Sandoway,  to  the  Commis¬ 
sioner  of  Arakan,  Akyab, — No.  3-90,  dated  Sandoway,  31st  July  1879. 

In  continuation  of  the  subject  contained  in  my  letter  No.  3-49,  dated  29th  April  1879, 
I  have  the  honour  to  furnish  all  the  additional  information  I  have  been  enabled  to  collect 
regarding  the  volcanic  phenomenon  observed  on  the  12th  March  last.  To  my  observation 
it  appeared  to  emanate  from  some  island  lying  north-west  of  Htsengoung ;  but  not  taking 
the  bearings  of  the  distant  flames,  I  am  unable  to  accurately  define  their  position  and 
joined  in  the  hasty  but  not  unnatural  conclusion  of  the  other  spectators,  that  it  was  in 
the  direction  of  the  island,  of  Cheduba.  I  visited  the  village  of  Ka  moun-doou  on  the 
22nd  instant,  and  there  held  conversation  with  some  who  had  seen  it ;  the  day  was 
beautifully  clear,  and  from  the  slightly  elevated  shore,  the  southern  extremity  of  the 
island  of  Kamreo,  the  islands  of  Zagoo,  Magroe  Kyoon,  and  Yey  Kyoon,  all  .stood  out  clear 
and  distinct  like  a  chard ;  in  the  distance  could  he  distinguished  the  sharp)  serrated  outline 
of  hills  in  the  island  of  Cheduba.  The  head-marr  of  the  village  pointed  out  to  me  two 
sharp  pinnacle-shaped  rooks  far  out  on  the  horizon,  and  known  by  the  name  of  Kyouktahon 
which  he  said  he  was  certain  was  the  exact  spot  where  the  flame.s  came  from.  These  rocks 
lie  south  of  Cheduba,  and  when  viewed  from  Htsongoung,  in  a  line  with  the  north  of  that 
island  and  Yey  Kyoon.  This  latter  islatrd  was  the  scene  of  a  similar  occurrence  in  1843, 
Captain  Hopkinson’s  account  of  which  I  setrd  a  copy  of.  I  am  inclined  to  believe  that  most 
of  these  rocks  and  islands  contain  cavernous  hollows  irr  which  petroleum  or  other  gases 
are  generated,  and  that  they  occasionally  ignite  and  burst  out.  Several  men  who  were  at 
sea  that  night  gave  me  different  versions  of  what  the  aspect  of  the  phenomenon  was^  to 
them,  varied  of  course  by  the  different  positions  from  which  they  saw  it ,  I  am  of  opinion, 
however,  that  the  testimony  of  the  headman  at  Iva-moun-doou  is  the  most  trustuoithj, 
and  my  own  opinion  iticlim-s  to  .in  endorsement  of  his  view. 
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From  Captain  H.  IIopkinson,  Officiating  Senior  Assistant  Commissioner,  Sandoway,  to 
the  Commissioner  of  Arakan,  Akyab, — dated  25th  November  1843. 

Having,  in  compliance  with  the  instrnotions  contained  in  your  letter  to  my  address 
No.  838  of  the  21st  ultimo,  pi'oceecled  to  Rekoong  or  Flat  Island  for  the  purpose  of  making 
enquiries  into  the  volcanic  eruption  which  has  recently  been  observed  at  the  southern 
extremity  of  that  island,  1  now  beg  to  submit  to  yon  the  I'esult  of  my  enquiries  with  all 
the  information  I  have  been  able  to  collect  in  the  matter. 

2.  Before  I  give  the  .auhatanco  of  the  Thoogyee’s  deposition,  I  will  endeavour  to  state 
what  I  saw  myself,  pi-einising  shortly  that  whatiwer  island  niav  h.avo  been  formed  by  the  sub¬ 
marine  volcano  has  either  sunk  or  perhaps,  being  merely  composed  of  mud  and  loo.se  volcanic 
fragments,  has  boon  washed  away  during  the  sonth-we.st  monsoon,  leaving  no  trace  of  its 
existence,  and  not  even  having  distui’bed  the  reef  of  rocks  among  which  it  is  said  to  have 
ari.sen.  I  lament  exceedingly  my  total  ignorance  of  geological  science  which  would  most 
probably  have  led  me  to  pass  over  mucli  which  was  really  valuable  whilst  I  noted  down  objects 
of  trivial  importance,  and  which  also  pi'e  vents  me  from  communicating  any  useful  observation 
I  might  have  made  in  such  language  as  would  be  nndei-stood  by  a  scientific  person. 

3.  I  arrived  at  Rngjmung  on  the  third  daj^  after  my  departure  from  Sandoway,  and 
immediately  put  myself  in  communication  with  the  Thoogyee  of  the  place,  wh(  se  attendance 
to  depose  what  he  knew  about  the  volcanic  eruption  and  also  to  act  as  my  guide  to  the  site 
of  their  occurrence  I  procured  for  the  following  day.  We  started  early  in  the  morning 
•and  arrived  near  the  small  island  in  the  vicinity  of  which  the  eruptions  were  remarked  at 
8  p.m.  I  was  obliged  to  proceed  for  upwai'ds  of  a  mile  from  the  island  itself  in  the  jolly- 
boat  ;  reefs  of  sunken  rocks  running  out  in  every  direction  preventing  a  nearer  approach  for 
the  schooner,  though  otherwi.se  the  water  was  of  a  consideralile  depth,  being  from  two  to 
three  fathoms  within  a  boat's  length  of  the  little  island  itself.  My  office  h.as  not  been 
furnished  with  a  general  chait  of  the  province,  and  I  do  not  know  whether  the  island 
lias  been  noted  or  not,  but  it  may  be  easily  identified,  as  I  was  careful  to  take  Us 
exact  bearings  to  known  points  on  the  coast.  I  also  made  a  rough  survey'  of  it  by  cir- 
enmferenter  and  enclose  a  sketch  thereof,  showing  the  bearings,  site  of  volcanic  eruption,  &c.,Ao. 
The  rocks  which  formed  the  b.asis  of  the  island  were  chiefly  the  common  sandstone  of 
Arakan,  interspersed  with  large  masses  of  rock,  of  which  No.  1  of  the  specimens  I  had  the 
honour  to  forward  in  the  Swallow  is  a  fragment.  I  could  obtain  no  distinct  traces  of  strati¬ 
fication  on  any  part  of  the  island,  the  action  of  the  sea  having  broken  np  its  .surface  into  a 
confused  mass  of  rocks.  I  have  marked  on  the  map  the  site  of  the  volcanic  eruption  ns 
given  by  the  Soogree,  but  further  than  the  mere  direction  goes,  I  do  not  think  much 
dependence  can  he  placed  on  its  accuracy.  The  Soogree  never  visited  the  volcanic  island  ; 
the  eruption  occurred  during  the  height  of  the  rains,  when  it  is  seldom  clear  for  even  a  few 
hours,  and  the  Soogree’s  nearest  point  of  [observation  was,  I  should  say,  at  least  4  miles 
distant.  I  should  infer  that  the  eruption  must  have  been  on  a  small  scale,  since  from  the 
testimony  of  the  natives  it  {ipipears  that  none  of  the  numerous  rooks  near  which  they  were 
observed  liave  been  altered  in  position,  neither  ea.st  down  nor  upraised.  I  have  marked  on  the 
sketch  the  situations  from  whence  I  took  the  different  spieciniens  before  alluded  to  ;  the  trap 
rock  which  I  labelled  Iiornblende  was  broken  off  a  large  rock  about  12  feet  square  at  top. 
Tlie  piece  I  have  called  fekspar  was  from  an  adjacent  rock,  but  smaller.  I  could  only  find  the 
iron  pyrites  on  the  side  neai'est  the  volcano ;  there  it  was  most  plentiful,  and  I  might  have 
collected  it  by  the  mannd  ;  one  specimen  which  I  have  called  quartz  is,  I  believe,  limestone  ; 
its  appearance  at  first  misled  me.  On  the  sand  mound  I  found  large  quantities  of  sponge  of 
diflerent  kinds.  I  saw  no  cor.al  on  the  island,  nor  any  formation  of  it  among  the  rooks,  an 
unusual  eircum.stanoe  in  Arakan.  1  looked  for  pnmiee,  but  did  not  find  any. 
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4.  The  above  is  all  that  oocnrs  to  me  to  remark  upon,  and  I  sliall  now  proceed  to  give  the 
substance  of  the  information  gained  from  the  Soogree  :  he  states  that  in  the  month  of  Wageo 
01  June,  at  about  8  o’clock  in  the  morning,  he  observed  the  eruption  for  the  first  time,  issuing 
apparently  from  between  three  rocks  to  the  eastward  of  his  village  and  about  one  liour’s  sail 
distance  from  it,  to  the  south  of  Thoe-hyoo-gyoung-lot,  White  Sand  Island,  the  one  in  tha 
sketch.  The  eruption  was  like  fire  of  a  bright  red  colour,  and  continued  without  intermission 
for  throe  da3-s,  when  it  ceased,  and  deponent  then  observed  that  a  small  island  has  arisen 
from  the  sea ;  this  island  lasted  for  about  a  month,  but  he  cannot  say  when  it  actually  dis¬ 
appeared,  for  the  weather  was  very  boisterous  during  tho  whole  time,  and  it  was  only  by  a 
calm  supervening  and  tho  waves  subsiding  that  he  found  tho  island  had  ceased  to  exist.  The 
surface  of  the  sea  was  as  before,  and  not  a  rock  was  displaced  ;  deponent  did  not  visit'  tbo 
volcanic  island,  nor  did  any  one  in  bis  circle,  the  fury  of  tho  waves  prevented  all  approach  to  it- 
When  bo  fir.st  visited  the  island  nearest  tbo  site  of  the  eruption,  the  only  change  ho  noticed  was 
that  some  cocoanut  trees  had  disappeared — probably  been  washed  away — which  were  planted 
there  about  two  years  ago.  During  tbo  time  the  eruption  continued  there  was  an  unaccount¬ 
able  increase  of  water  in  the  wells  and  tanks  of  bis  village ;  be  also  felt  several  slight  shocks 
as  of  an  earthquake  during  tho  time.  Tlio  above,  meagre  as  it  is,  is  all  the  information 
I  could  obtain  from  tho  SoogrOo,  hut  it  was  fully  confirmed  by  the  different  inhabitants  of 
llekooung  whom  I  questioned  on  the  subject. 


DONATIONS  TO  THE  MUSEUM. 

From  1st  ArEit  to  30in  June  1880. 

Dono's, 

Two  specimens  of  coal  shale  with  fossil  plants  from  the  Karharharl  coal-field. 

W.  G.  OiiPHEETS,  Esq.,  C.E.,  F.G.8,, 
Managei',  KarharhAn  Collieries,  E,  I,  B, 

Forty-seven  specimens  of  tertiary  fossils  from  tho  neighbourhood  of  Kasauli. 

A.  Melloe,  Esq., 

Head  Master,  Laiorence  Asylum,  Sanaioar,  Kasauli, 

Mandibles  of  Bhyncholatus  djeddensis  from  the  Madras  Coast. 

E.  M,  Daly,  Esq. 


ADDITIONS  TO  THE  LIBEARY. 

Feom  1st  Apeil  to  30th  June  1880. 

Titles  of  Bootes.  Honors. 

Abich,  Heeemann. — Goologische  Forschungon  in  don  Kaukasischen  Landern,  Theil  I,  Eine 
Bergkalkfauna  aus  der  Araxesongo  hei  Djoulfa  in  Armenien  (187S),  4to,  Wien. 
Adams,  A.  Leith. — On  tho  Recent  and  Extinct  Irish  Mammals  (1878),  8vo,  Dublin, 

Ball,  V. — Jungle  Life  in  India  (1880),  8vo,  Loudon, 

Home,  Eev.,  and  Ageic.  Depaetment. 

Baltzee,  De.  a, — Der  Oliiruisehe  (1873),  4to,  Zurich. 
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Titles  of  Booles.  Donors. 

Beddome,  Major  R.  H. — The  Flora  Sylvatica  for  Southern  India,  Parts  I — XXVIII 
(1S69-73),  4to,  Madras. 

The  Indian  Museum. 

British  Manufacturing  Industries,  edited  by  G.  P.  Bevan ;  Iron  and  Steel,  Copper  Smelting 
Brass  Founding,  Tin-plate  and  Zinc  Working,  2nd  Edition  (1876),  8vo,  London. 

Ditto  Ditto  Pottery,  Glass  and  Silicates,  Furniture,  2ud  Edition  (1877), 

8vo.,  London. 

Ditto  Ditto  Metallic  Mining  and  Collieries,  Coal,  Building  Stones, 

Explosive  Compounds,  2ncl  Edition  (1878),  8vo,  London. 

Bronn’s  Klassen  und  Ordnnngen  des  Thier-Iteiohs.  Band  VI,  Abth.  Ill,  Reptilion,  Lief.  2-4, 
and  5-7 ;  Band  VI,  Ahth.  V,  Mammalia,  Lief.  23-25  (1879),  8vo,  Leipzig. 

Chuech,  Jonir  A. — The  Comstock  Lode,  its  Formation  and  History  (1879),  4to,  New  York. 

CuNNiuGHAM,  Aeex. — Ladak,  Physical,  Statistical,  and  Historical  (1854),  8vo,  London, 

Daubeee,  a. — Etudes  Synthetiques  do  Geologie  Exporimentale  (1879),  8vo,  Paris. 

Doyle,  P. — Petroleum  and  its  Distillate  Korosine  (1880),  8vo,  Brisbane. 

The  Author. 

Dufbisnoy  et  elie  de  Beaumont. — Explication  de  la  Carte  Geologiquo  do  la  France, 
Vols.  I  (1841),  II  (1848),  III,  pt.  1  (1873),  and  IV,  pit.  2  (1879),  Text  only,  4tc, 
Paris. 

Flowee,  Wm.  Henry. — Catalogue  of  the  Specimens  illustrating  the  O.stoology  and  Dentition 
of  Vertebrated  Animals,  Recent  and  Extinct,  contained  in  the  Museum  of  the  Royal 
College  of  Surgeons  of  England,  Part  I,  Man  (1879),  8vo,  London. 

Feitbch,  Db.  Ant. — Fauna  der  Gaskohle  und  der  Kalkstciue  der  Permformation  Bohmens 
Band  I,  heft  1  (1879),  4to,  Prag. 

Gaudby,  Albert.— Gdologie  do  L’  He  de  Chypre  (1859),  4to,  Paris. 

Gervais,  Paul. — Rcoherchea  sur  les  Mammiferes  Fossiles  de  L’Amerique  Mdridionale 
(1855),  4to,  Paris. 

Gervais,  Paul. — Zoologio  et  Paldontologie  Generales,  2nd  Series,  livr.  1-3  (1876),  4to, 
Paris. 

Hunt,  Thomas  Steeey. — Chemical  and  Geological  Essays,  2nd  Edition  (1879),  8vo, 
London. 

Malaise,  C. — Desoripition  de  Gites  Fossiliferes  Devoniens  et  D’  Affleurements  du  Terrain, 
Crctaco  (1879),  4to,  Bruxelles. 

Ministeeb  de  L’  Inteeieur. 

Meyer,  Hermann  von. — Dio  Fossilen  Ziihne  und  Knocheu  und  ihro  Ablagerung  (1834), 
4to,  Frankfurt-am-Main. 

Naumann,  De.  C.  F. — Palaontologischer  Atlas,  plates  I — LXX,  4to,,  Leipzig. 

Neuman  and  Baeeiti. — Dictionaiy  of  the  Spanish  and  English  Languages,  New  Edition, 
Vols.  I  and  II  (1854),  8vo,  London. 

Oldham,  Thos.— Geological  Glossary,  edited  by  R.  D.  Oldham  (1879),  8vo,  London. 

Peaee,  De.  F. — Allgemoino  Geologic  als  e.xacte  Wissenschaft  (1873),  8vo,  Leipzig. 

Peaef,  De.  F. — Der  Mechanismus  der  Gebirgsbildung  (1880),  8vo,  Heidelberg. 

PoMEL,  A. — Paleontologio  dn  Description  dcs  Animaux  Fossiles  do  la  Province  D’  Oran : 
Spongiaires  (1872),  4to,  Oran. 

Quenstedt,  P.  G. — Petrefixetenkundo  Deutschlaiids,  Band  VI,  Abth.  I,  heft  4,  with  0  folio 
plates  (1879),  8vo,  Leipzig. 
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Titles  of  Books,  Donors. 

lioEMEE,  S’. — Letliaea  Goognos‘ica,  Theil  I,  Letliaea,  Palaoozoica,  Text-band,  lief.  I  (1880), 
8vo,  Stuttgart. 

ScHLAaiNTWEiT.-SAKuNLUNSKi,  HERMANN  TON.— Koison  ill  Indicn  und  Hocliasieii,  Band 
III  and  IV  (1872  and  1880),  8vo,  Jena. 

Scientific  Eesults  of  the  Second  Yarkand  Mission,  Ehynchota,  by  W.  L.  Distant  (1879), 
4to,  Calcutta. 

Home,  Eet.,  and  Agbic.  Depaetment. 

SiBEEE,  Eevd.  James. — Tlie  Great  African  Island  (1880),  870,  London. 

Spoil’s  Encyclopaidia  of  tlie  Industrial  Arts,  Manufactures,  and  Commercial  Products,  edited 
by  G.  G.  Andrd,  Division  I  (1879),  8vo,  London. 

WiNKLEE,  De.  Gustav  Geoeg. — Die  Scbiobteu  der  Avicula  Contorta  inner-und  Ausserlialb 
dor  Alpen  (1859)j  870,  Miincben. 

PEEIODICALS,  SEEIALS,  &c. 

American  Journal  of  Science  and  Arts,.  3rd  Series,  Vol.  XIX,  Kos.  111—113  (1880),  870, 
New  Haven. 

The  Editors. 

Annalen  der  Physik  und  Cbemie,  Band  139-141  (1870),  and  New  Series,  Band  IX,  Nos.  3 
to  4,  and  X,  No.  5,  870,  Leipzig. 

Annales  des  Mines,  7tb  Series,  Vol.  XVI,  No.  6  (1879),  870,  Paris. 

Annales  des  Sciences  Geologiques,  Vols.  II,  (1870),  to  X  (1879),  8vo,  Pairs. 

Annales  des  Sciences  Naturelles,  Ctk  Series,  Vol.  VIII,  Botanique,  Nos.  3-6  (1879),  IX, 
No.  1  (1880),  and  Zoologie  et  Palcontologie,  Vol.  VIII,  Nos.  4-6  (1879),  870., 
Paris. 

Annals  and  Magazine  of  Natural  History,  5th  Series,  Vol.  V,  Nos.  28 — 30  (1880),  Svo, 
London. 

Archiv  fiir  Naturgeschichte,  Jahrg.  XLV,  heft  5,  and  XLVI,  heft  2  (1879  and  1880),  870, 
Berlin. 

Athenmum,  Nos.  2733 — 2745  (1880),  4to.,  London. 

Beiblatter  zu  den  Annalen  der  Phj’sik  und  Chemie,  Band  1,  Nos.  2-12  (1877);  II  (1878); 
and  IV,  Nos.  3—5  (1880),  870,  Leipzig. 

Bibliothequo  Ilniverselle:  Archives  des  Sciences  Physiques  ct  Naturelles,  3rd  Series,  Vol.  Ill, 
Nos.  1 — 4  (1880),  870,  Geneva. 

Bibliotheque  Universelle  et  Eevno  Suisse,  3rd  Series,  Vol.  V,  No.s.  2  to  3,  and  VI,  No.  4, 
(1880),  870,  Lausanne. 

Botanisches  Contralblatt,  Nos.  1 — 13  (1880),  870,  Leipzig. 

Chemical  News,  Vol.  XLI,  Nos.  1059 — 1071  (1880),  4to,  London. 

Colliery  Guardian,  Vol.  XXXIX,  Nos.  1002 — 1014  (1880),  fob,  London. 

Das  Ausland,  Nos.  10—22  (1880),  Boy .(870,  Stuttgart. 

Geological  Magazine,  New  Series,  Decade  II,  Vol.  VII,  Nos.  4 — 6  (1880),  870,  London. 

Iron,  Vol.  XV,  Nos.  37'1— 386  (1880),  fob,  London. 

Journal  do  Conchjdiologie,  3rd  Series,  Vol.  XX,  No.  1  (1880),  8vo,  Paris. 

Journal  of  Science,  3rd  Series,  Vol.  II,  Nos.  76 — 78  (1880),  8vo,  London. 

Just,  De.  Leopold. — Botauischer  Jahrosberioht,  Jahrg.  V,  Abth.  3,  1877  (1879),  8vo, 
Berlin. 

London,  Edinburgh,  and  Dublin  Philosophical  Magazine  and  Journal  of  Science,  5th  Scries, 
Vol.  IX,  Nos.  56—58  (1880),  Svo,  Loudon, 
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Tales  of  Books. 

Mining  Journal,  with  Supplement,  Vol.  L,  Nos.  232<l — 2330  (1880),  foL,  London. 

Naturae  Novitates,  Nos.  1 — 10  (1880),  8vo,  Berlin. 

Nature,  Vols.  XXI,  Nos.  541—548,  and  XXII,  Nos.  549-o53  (1880),  4to,  London. 

Neues  Jalirbuch  fiir  Miueralogie,  Goologio,  und  Palaeontologio,  Baud  I,  heft  3  (1880),  8vo. 
Stuttgart. 

Ocean  Highways,  New  Series,  Vol.  I,  Nos.  9  (1873),  and  10  (1874),  8vo,  London. 

Palajontograpliica,  Band  XXVI,  Ucf.  4  (1880),  4to,  Casscl. 

Palcoutologio  Fran^aise,  Ist  Scries,  Animaux  invertebres.  Terrain  Jurassiquo,  Echinides 
Eeguliers,  lirr.  43  (1880),  8vo,  Paris. 

Petermann’s  Geographischo  Mittheiluugen,  Band  XXVI,  Nos.  3 — 5  (1880),  4to,  Gotha. 

Petcrniann’s  Geographischo  Mittheiluugen,  Supplement,  Nos.  00  &  61  (1880),  4to,  Gotha. 

Professional  Papers  on  Indian  Engineering,  2nd  Series,  Vol.  IX,  No.  36  (1880),  8vo, 
Eoorkee. 

Thomason  College  of  Civil  Engineering. 

Quarterly  Journal  of  Microscopical  Science,  Vol.  II,  No.  7  (1854);  No.  XXV  (1858),  and 
No.  XXVIII  (18.59);  and  New  Series,  Vol  XIII,  Nos.  49— 51  (1873);  and  XX, 
No.  78  (1880),  8vo,  London. 

Thomason  Civil  Engineering  College  Calendar  for  1878  and  1880  (1878  and  1880),  8vo, 
ivoorkce. 

Thomason  College  of  Civil  Engineering, 


GOVERNMENT  SELECTIONS,  &c. 


Bengal. — Eeport  on  the  Administration  of  Bengal  for  1873-74  to  1878-79  (1875-79),  8vo, 
Calcutta, 

Government  of  Bengal. 

„  Ricketts,  Henry. — Reports  on  the  Districts  of  Midnapore  and  Cuttack  (1858), 
8vo,  Calcutta. 

Home,  Rev.,  &  Ageic.  Department. 

„  Selections  from  the  Records  of  the  Government  of  Bengal,  No.s.  XXIV,  XXXII, 
XXXIII  pt.  3,  and  XXXVIII  (1866,  1859, 1860,  and  1861),  8vo,  Calcutta. 

Government  of  Bengal. 


Westland,  J.— A  Report  on  the  District  of  Jessoro  ;  its  Antiquities,  its  History 
and  its  Commerce,  2ud  Edition  (1874),  8vo,  Calcutta, 

Home,  Rev.,  &  Acbic.  Department. 


Hyderabad. — Statistical  Report  on  Gangra  or  Meilghat,  fisc. 

Home,  Rev.,  &  Ageic.  Department. 


India. — General  Report  on  the  Operations  of  the  Survey 
Use.,  Calcutta. 


of  India  during  1878-79  (1880), 
Surveyor  General  of  India. 


Indian  Meteorological  Memoirs,  Vol.  I,  pt.  4  (1880),  4to,  Calcutta. 

Meteorological  Reporter  to  Government  of  India. 
Registers  of  Original  Observation, s  in  1879,  reduced  and  corrected.  February  and 
March  1879  (1880),  4to,  Calcutta. 

Meteorological  Reporter  to  Government  of  India 
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Titles  of  Books.  Donors^ 

India. — List  of  Civil  Officers  holding  Gazetted  Appointments  under  the  Government  of  India 
in  the  Home,  Levenno,  and  Agriculturnl  Department,  the  Legislative  and 
Foreign  Departments,  on  1st  January  1880  (1880),  8vo,  Calcutta. 

Home,  Rev.,  &  Ageic.  Department. 

„  List  of  Officers  in  the  Survey  Departments  on  the  1st  January  1880  (1880),  flse., 
Calcutta. 

Home,  Rev.,  &  Ageic.  Department. 

„  Selections  from  the  Records  of  the  Government  of  India,  Foreign  Department, 
No.  162.  Report  on  the  Political  Administration  of  the  Rajputana 
States  for  1878-79  (1880),  8vo,  Calcutta. 

Foreign  Department. 

„  Selections  from  the  Records  of  the  Government  of  India,  Foreign  Department, 
No.  ICJ.  Report  on  the  Administration  of  the  Ajmerc  and  Mhairwara 
Districts  for  1878-79  (1879),  8vo,  Calcutta. 

Foreign  Department. 

„  Selections  from  the  Records  of  the  Government  of  India,  Foreign  Department, 
No.  1C5.  Report  on  the  Administration  of  the  Persian  Gulf  Political 
Residency  and  Muscat  Political  Agency  for  1878-79  (1880),  8vo,  Calcutta. 

Foreign  Department, 

5,  Selections  from  tho  Records  of  the  Government  of  India,  Foreign  Department, 
No.  1C6.  Report  on  the  Political  Administration  of  the  Territories 
within  the  Central  India  Agency  for  1878-79  (1880),  8vo,  Calcutta. 

Foreign  Department. 

Madras. — Carmichael,  D.  F.— A  Manual  of  the  District  of  Vizagapatam,  in  tho  Presi¬ 
dency  of  Madras  (1809),  8vo,  Madras. 

Home,  Rev.,  &  Ageic.  Department. 

„  Ceole,  C.  S. — The  Chingleput,  late  Madras,  District  (1879),  8vo,  Madras. 

Home,  Rev.,  &  Ageic.  Department. 

„  Maclean,  C.  D. — Standing  Information  regarding  the  Official  Administration 
of  tlio  Madras  Presidency  in  each  Department,  2nd  Edition,  revised  to 
March  1879  (1879),  8vo,  Madras. 

Madr-is  Government. 

„  Morris,  Henry. — A  Descriptive  and  Historical  Account  of  tho  Godaveri  District, 

in  the  Presidency  of  Madras,  (1878),  8vo,  London. 

Home,  Rev.,  &  Agric.  Department. 

„  Selections  from  tho  Records  of  tho  Madras  Government,  No.  XLV.  Papers 
relating  to  tho  Survey  and  Settlement  of  the  Salem  District  (1879),  8vo, 
Madras. 

Madras  Government. 

N.-W.  Provinces. — Oldham,  AVilton.— Historical  and  Statistical  Memoir  of  tho  Ghazi- 
pur  District,  Parts  I  &  II  (1870  and  1876),  4to,  Allahabad. 

Home,  Rev.,  &  Ageic.  Department. 

„  Pearson,  Capt.  G.  F. — Report  on  the  Mundla  District  south  of  the 

Narbada  (18G0),  8vo,  Allahabad. 

Home,  Rev.,  &  Ageic.  Department. 
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N.-W.  Peovotces. — SiNon,  Kuae  Lachman. — Historical  and  Statistical  Memoir  of  Zila 
BiilandsLaliar  (1874),  8vo,  Allaiabad. 

Home,  Eev.,  &  Ageic.  DErAETMENi.. 

Punjab. — Gazetteer  of  the  Ludhiana  District,  8vo. 

Home,  Eev.,  &  Ageic.  Depaetment. 

„  Gazetteer  of  the  Eohtak  District,  8vo. 

Home,  Eev.,  &  Ageic.  Depaetment. 


TEANSACTIONS,  PEOCEEDINGS,  &c.,  op  societies. 

Beleast. — Proceedings  of  the  Belfast  Natural  History  and  Philosophical  Society  for  1872-73 
(1874),  8vo,  Belfast. 

The  Society. 

Beelin. — Monatshericht  dor  Kouig.  Preuss.  Akademio  der  Wissenschaften,  December  1879' 
and  January  1880  (1880),  8vo,  Berlin. 

The  Academy. 

„  Zoitschrift  der  Deutsohen  Geologlschen  Gescllschaft,  Band  XXXI,  heft  4  (1879), 
8vo,  Berlin. 

Sr»r<Ti7'rv 


Bologna. — Novi  Commontarii  Academiro  Scientiarura  Instituti  Bououionsis,  Vols.  I  (1834), 
to  X  (1849),  and  Indices  Geuoralcs  (1855),  4to,  Bonouiso. 

The  Academy. 


Memorie  doir  Accadeinia  dello  Scionzo  dcir  Istituto  di  Bologna,  Vols.  XI  (1861), 
XII  pts.  1-4,  (1862),  and  Iiidici  Generali  1850  to  1870 :  2nd  Serie.=, 
Vols.  I  (1862)  to  X  (1870) ;  3rd  Series,  Vols.  I  (1871)  to  IX  (1878),  4to, 
Bologna, 

The  Academy. 

Aggiunta  alia  Colleziono  delle  Opero  del  colebro  Professorc  Luigi  Galvani  (1842), 
4to,  Bologna. 

The  Academy. 

Opero  edite  od  inedite  del  Professorc  Luigi  Galvani  (1841),  4to  Bologna. 

The  Academy. 


Boston. — Memoirs  of  the  Boston  Society  of  Natural  History,  Vol.  Ill,  pt.  I,  Nos.  1  &  2 


(1878-79),  4to,  Boston. 


The  Society. 


Proceedings  of  the  Boston  Society  of  Natural  Histoi'y,  Vols.  XIX,  pts.  3  &  4, 
and  XX,  pt.  1  (1878-79),  8vo,  Boston. 

The  Society. 

Proceedings  of  the  American  Academy  of  Arts  and  Sciences,  New  Series,  Vol.  VI 


(1879),  8vo,  Boston. 

Buussels. — Bulletin  de  la  Socidto  Beige  do  Goographie, 
8vo,  Brussels. 


The  Academy. 
No.  6  (1879),  and  No.  1  (1880) 

The  Society. 


Commission  do  la  Carte  Geologiquo  de  la  Belgique.  Toxtc  Explioatif  du  Levd 
Gcolog’ique  des  Blanchettes  d’Hohohen  et  de  Contich.  With  3  Maps 
(1880),  8vo,  Brussels. 


The  Commission. 
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Calcutta. — Journal  of  tho  Agricultural  and  Horticultural  Society  of  India,  New  Series, 
Vol.  VI,  No.  2  (1880),  8vo. 

The  Society. 

„  Journal  of  tlio  Asiatic  Society  of  Bengal,  New  Series,  Vol.  XLIX,  pt.  I,  No.  1, 
and  pt.  II,  No.  1  (1880),  8vo,  Calcutta. 

The  Society. 

„  Proceedings  of  tlie  Asiatic  Society  of  Bengal,  Nos.  1 — 5,  (1880),  8to,  Calcutta. 

The  Society. 

„  Memoirs  of  the  Geological  Survey  of  India,  Vols.  XVII,  pt.  2,  and  XV,  pt.  2 
(1880),  8vo,  Calcutta. 

The  Sukvey. 

„  Palajontologia  ludioa.  Series  XIII,  pt.  2,  and  X,  pt.  4  (1880),  4to,  Calcutta. 

Geological  Suevey'  of  India. 

„  Eecords  of  the  Geological  Survey  of  India,  Vol.  XIII,  pt.  2  (1880),  8vo,  Calcutta. 

The  Suevey. 

Cambeidge. — Bulletin  of  the  Museum  of  Comparative  Zoology,  Vols.  IV  (1878),  V, 
Nos.  2—10  (1879),  and  VI  Nos.  3 — 7  (1878-80),  8vo,  Cambridge,  Mass. 

Museum  of  Compaeative  Zoology. 

„  Memoirs  of  the  Museum  of  Comparative  Zoology,  Vol.  V,  No.  2,  and  Vol.  VI, 
No.  1  (1st  part),  (1877-79),  4to,  Cambridge,  Mass. 

AIuseum  of  Compaeative  Zoology. 

Deesden. — Sitzungs-beriohto  der  Naturwissonsohaftlichon  Gesellschaft  Isis  zu  Dresden, 
Jahrgang  1861,  1863,  1864,  and  1865  No.  1,  1870  April  to  June,  1877 
January  to  Juno,  1878  January  to  July,  and  1879  July  to  December,  8vo- 
Drosden. 

The  Isis  Society. 

„  Naturwissenschaftlicho  Beitriige  zu  Kenutniss  der  Kankasuslandcr  (1878),  8vo, 
Dresden. 

The  Isis  Society. 

Edinbuegh. — Proceedings  of  the  Royal  Society  of  Edinburgh,  Vol.  I  Nos.  1 — 3  and  5 — 24, 
and  Vols.  II  and  III  (1845,  1851,  and  1857),  8vo,  Edinburgh. 

The  Society. 

„  Transactions  of  tho  Royal  Scottish  Society  of  Arts,  Vol.  X,  pt.  2  (1879),  8vo, 
Edinburgh. 

The  Society. 

Peankfuet-Am-Main. — Abhaudlungen  von  der  Sonckenbergischen  Naturforschendeu 
Gesellschaft,  Band  XI,  heft  4  (1879),  8vo,  Prankfurt-Am-Main. 

Geneva. — Memoires  de  la  Socidte  do  Phj'siquo  et  d’llistoire  Naturelle  de  Genove,  Vol.  XXVI, 
,pt.  2  (1879),  4to,  Geneva. 

The  Society. 

Haeeisbueg.— Hunt  T.  Steeey. — Second  Geological  Survey  of  Pennsylvania;  1875,  Special 
Report  on  tho  Trap  Dykes  and  Azoic  Rocks  of  South-Eastern  Pennsyl¬ 
vania,  pt.  I,  Historical  Introduction  (1878),  8vo,  IlaiTisburg. 

Geol.  Suevey  of  Pennsylvania. 
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Indianapolis. — 8tli,  9tli,  and  lOtb  Annual  Eeports  of  the  Geological  Survey  of  Indiana^ 
made  during  1876-77-78  (1879),  8vo,  Indianapolis. 

Geol.  Scevet  of  Indiana. 

London. — Beitish  MosEmi.  Catalogue  of  the  Specimens  of  Lizards  in  the  Collection  of  the 
British  Museum  (1845),  8vo,  London. 

London. — Beitish  Museum.  Catalogue  of  the  Tortoises,  Crocodiles,  and  Amphisbomians 
in  the  Collection  of  the  British  Museum  (1844),  8vo,  London. 

London. — Beitish  Museum,  Claek,  Rev.  Hamlet.  Catalogue  of  Halticidse  in  the 
Collection  of  the  British  Museum,  pt.  I,  Physapodos  and  ffldipodes  (1800)j 
8vo,  London. 

London. — Beitish  Museum.  Hagen  De.  II.  Catalogue  of  the  Specimens  of  Nenrop- 

terous  Insects  in  the  Collection  of  the  Bidtish  Museum,  pt.  V,  Termitiua 
(1858),  8vo,  Loudon. 

London. — Beitish  Museum.  List  of  the  Molhisca  in  the  Collection  of  the  British 
Museum,  pt.  II,  Olividie  (1805),  8vo,  London. 

London. — Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland,  Vol.  IX, 
Nos.  3  and  11  (1879),  8vo,  London. 

London. — Journal  of  the  Royal  Asiatic  Sooiotjf  of  Great  Britain  and  Ireland,  New  Series, 
Vols.  XII,  pt.  1,  and  XI,  pt.  3  (1879-80),  Svo,  London. 

The  Society. 

London. — Journal  of  the  Society  of  Arts,  Vol.  XXVIII,  Nos.  1425—1437  (1880),  Svo, 
London, 

The  Society. 

„  Palffiontographioal  Society.  A  Monograph  of  the  British  Fossil  Crustacea  belong¬ 
ing  to  the  Order  of  Merostomata,  pt.  I,  Pterygotus,  by  Henry  Woodward 
(1866),  Svo,  London. 

„  Palffiontographical  Society’s  publication,  Vol.  XXI  (1867),  4to,  London. 

„  Proceedings  of  the  Royal  Geographical  Society  and  Monthly  Record  of  Geography. 
Now  Series,  Vol.  II,  Nos.  2 — 5  (1880),  Svo,  London. 

The  Society. 

„  Proceedings  of  the  Royal  Society  of  London,  Vol.  XXIX,  No.  199,  and  XXX, 
Nos.  200—202  (1879-80),  Svo,  London. 

The  Society. 

„  List  of  Vertebrated  Animals  now  or  lately  living  in  the  Gardens  of  the  Zoological 
Society  of  London.  First  Supplement  containing  additions  received  in 
1879  (1880),  Svo,  London. 

The  Society. 

„  Proceedings  of  the  Zoological  Society  of  London,  No.  IV,  1879  (1880),  Svo, 
London. 

The  Society. 

„  Transactions  of  the  Zoological  Society  of  London,  Vols.  X,  pt.  13,  and  XI,  pt.  1 
(1879-80),  4to,  London. 

The  Society. 

Quarterly  Journal  of  the  Geological  Society  of  London,  Vol.  XXXVI,  pt.  1, 
No.  141  (1880),  8vOj  London. 


The  Society, 
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London. — Report  of  the  35th  Meeting  of  the  Britieh  Association  for  the  Advancement  of 
Science  held  at  Birmingham  in  September  1865  (1866),  8vo,  London. 

Madrid. — Boletin  de  la  Sociedad  Geografioa  de  Madrid,  Yol.  VIII,  Nos.  I — 4  (1880),  8vo, 
Madrid, 

The  Society. 

Manchesteb. — Transactions  of  the  Manchester  Geological  Society,  Yol.  XV,  pts.  12  and 
13  (1878),  8vo,  Manchester. 

The  Society. 

Mklbouene. — Geological  Survey  of  Victoria.  Prodromus  of  the  Palaeontology  of  Victoria, 
by  Fred.  McCoy,  Decade  VI  (1879),  8vo,  Melbourne. 

Geological  Scetey  of  Victoeia. 

„  Mineral  Statistics  of  Victoria  for  1879  (1880),  8vo,  Melbourne, 

Mining  Department,  Victoeia. 

„  Reports  of  the  Mining  Surveyors  and  Registrars  for  quarter  ending  31st 

December  1879  (1880),  flsc.,  Melbourne. 

Mining  Department,  Victoria. 

„  Transactions  and  Proceedings  of  the  Royal  Society  of  Victoria,  Vol,  VI 

(1865),  8vo,  Melbourne. 

The  Society. 


Milano. — Atti  della  Societa  Italiana  di  Scienze  Natural!,  Vols.  XI  (1868)  to  XXII,  Nos 
1—2  (1879),  8vo,  Milano. 


The  Society. 


La  Fillossera  a  Valmaderera  (1879),  8vo.  Milano. 


The  Society. 


,,  Eegolamento  della  Societa  Italiana  di  Scienze  Nafurali  (1879),  8vo,  pamphlet, 
Milano. 

The  Society. 

„  Relazione  Annnale  della  Commissione  di  Soryeglianza  Contro  la  Fillossera  (1879), 
8vo,  pamphlt.  ,  Milano. 

The  Society. 

Moscou. — Bulletin  de  la  Sooiete  Imperiale  des  Naturalistes  do  Moscou,  Vol.  LIV,  Nos.  2 
and  3  (1879),  Svo,  Moscou. 

The  Society. 

Munich. — Ahhandlungen  der  Math-Phys.  Classe  der  Koniglich.  Bayeilschen  Akademie  der 
WissenscLaften,  Band  VI  (1852),  and  VllI  Abth.  1  (1867),  4to,  Miinchen. 

New  Haven. — Transactions  of  the  Connecticut  Academy  of  Arts  and  Sciences,  Vol.  V,  pt.  I 
(1£80),  8yo,  New  Haven. 

The  Academy. 


Penzance. — Thirtieth  Annual  Report 
Svo,  Penzance. 


of  the  Council,  with  the  President’s  address  (1843), 

The  Society. 


Transactions  of  the  Royal  Geological  Society  of  Cornwall,  Vol.  IX,  pt.  IV,  and 
X,  pts.  1—2  (1877-79),  Svo,  Penzance. 


The  Society. 
H 
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Philadelphia.— Journal  of  the  Franklin  Institute,  3rd  Series,  Yol.  LXXIX,  Nos.  3 — 5 
(1880),  8vo,  Philadelphia. 


The  Institute. 


Proceedings  of  the  American  Philosophical  Societ}',  Yol.  XYIII,  Nos.  103. 
and  104  (1879),  8vo,  Philadelphia. 

The  SociEiT. 


Pisa.— Atti  della  Societa  Toscana  di  Scienze  Natural!,  Process!  Yerhali,  14  Marzo.  1880, 
(1880),  8vo,  Pisa. 


The  Societt. 


Home. — Atti  della  R.  Accademia  dei  Lincei,  3rd  Series,  Transunti,  Yol.  lY  fasc.  3 — 3,  (1880) 
4to,  Roma. 

The  Academy. 

Salem.— Bulletin  of  the  Essex  Institute,  Yol.  X  Nos.  1 — 12  (1878),  8vo,  Salem. 

The  Institute. 

Singapore. —Journal  of  the  Straits  Branch  of  the  Royal  Asiatic  Society,  No.  4  (1880),  8vo, 
Singapore. 

The  Society. 
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On  some  Pleistocene  deposits  op  the  Noetheen  Pcnjab,  and  the  evidence 

THEY  APPOED  OP  AN  EXTREME  CLIMATE  DUEING  A  POETION  OP  THAT  PERIOD, 

hy  W.  Theobald,  Geological  Survey  of  India. 

The  deposits  to  which  I  propose  to  direct  attention  in  the  following .  notes 
are  those  commonly  called  ‘  recent  deposits,’  and  as  such  commonly  neglected, 
though,  if  patiently  interrogated,  they  are  capable  of  affording  a  key  to  the  solu- 
tion  of  some  interesting  questions  bearing  on  mundane  physics  of  no  very  remote 
age.  I  allude,  of  course,  to  the  much-vexed  question  of  the  extension,  universal 
or  otherwise,  of  glacial  jihenomena  during  a  ‘  great  ice  age,’  and  particularly 
of  the  proofs,  pro  or  con,  for  the  existence  of  any  such  glacial  phenomena  in  or 
near  the  plains  of  India,  or  at  so  low  a  level  in  the  Northern  Punjab  ns  2,000 
or  thereabouts.  So  long  ago  as  1867,  Dr.  Verchere  recorded  the  presence  of 
‘  erratic  ’  blocks  in  the  Potwar  at  loss  than  2,000  feet  altitude  (Jour.,  As. 
Soc.,  Bengal,  Vol.  XXXVI,  Part  II,  ji.  113)  ;  but  from  the  known  liability  of 
the  Indus  vaUey  to  cataclysmal  inundations,  consequent  on  the  bursting  of  dams 
in  its  upper  portion,  the  true  bearings  of  these  masses  have  never  been  pi’operly 
appreciated,  nor  has  any  attempt  been  made  to  .study  the  facts  in  detail  or  in¬ 
terpret  the  relation  they  bear  to  the  general  geological  history  of  the  district, 
and  to  postulate  the  conclusions  we  may  legitimately  deduce  therefrom.  The 
following  papers  may  be  beneficially  consulted  a.s  bearing  on  the  matters  in 
question,  and  I  cannot  bettor  preface  my  present  remarks  than  by  briefly  review¬ 
ing  what  has  been  already  written  on  the  subject,  and  pointing  out  which  state¬ 
ments  require  modifying,  and  wherein  I  differ  from,  or  coincide  with,  the  opinions 
of  the  writers  I  quote  below — - 

Wynne,  Becords,  Vol.  X,  pp.  107,  112,  122. 

Theobald  „  „  X,  p.  ItO. 

„  „  „  X,  p.  223. 

Wynne,  Memoirs,  „  XIV,  p.  116. 

Lydekker,  Becords,  Vol.  XII,  p.  29. 

Wynne,  „  „  XII,  p.  lit. 

Blanford,  Manual,  pp.  Ixx,  372,  516,  586. 

Medlicott,  ,,  p.  668. 
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Ill  tlie  first  paj)er  Mr.  Wynne  describes  the  relations  and  characters  of  the  post- 
tertiary  and  superficial  deposits  of  the  Hortli- Western  Punjab.  These  deposits 
he  divides  into  an  upper  alluTiiim  (elsowhoro  termed  loe.ss),  largely  imbued  in 
places  with  soda  salts,  and  much  cut  up  by  ravines ;  and  a  lower  division  formed 
of  “  coarse  pebble  beds  and  sand  or  clay.”  These  bed.s  are  described  as  not  only 
filling  the  valleys,  but  covering  largo  tracts  of  country,  as,  for  example,  in  the 
neighbourhood  of  Rawalpindi  and  elseAvhere.  They  are  de.scribed  as  rising  to 
3,000  feet  above  the  sea ;  but  this  estimate  may  bo  indefinitely  extended,  if  we 
take  into  consideration  the  homologous  deposits  which  were  being  cotemporaue- 
onsly  formed  within  the  hills,  and  the  high  level  gravels  of  the  larger  river  valleys. 
Mr.  Wynne’s  estimate,  however,  probably  is  meant  only  to  include  the  deposits 
in  the  immediate  vicinity  of  the  outer  hills  of  the  Hazm’a  district.  The  tertiary 
period  may,  in  fact,  be  described  as  closing  in  a  great  subsiding  movement  of 
the  Himalayan  region,  -whereby  the  I’iver  valleys  became  filled  up  to  the  height  of 
several  hundred  feet  by  coarse  river  deposits,  and  the  whole  country  overspread 
by  the  gravels  and  the  high-level  alluvium  which  rests  on  them. 

One  remark  of  Mr.  Wynne  I  believe  to  be  erroneous.  At  page  124  we  read, 
“  With  regard  to  the  existence  of  a  glacial  period  affecting  the  upper  Punjab  in 
very  recent  geological  times,  the  only  evidence  the  country  seems  to  offer  is  in  the 
occurrence  of  the  formerly  Indus-borne  crystalline  fragments  at  heights  of  some" 
2,000  feet  above  the  present  bed  of  the  river.  These  would  indicate  either  a  very 
late  elevation  of  the  region  traversed  by  the  Indus,  or,  that  when  it  ran  in  a 
channel  so  much  higher,  the  hilly  country  to  the  northward  may  have  been  as 
much  more  lofty  (or  even  higher  still),  and  regions  of  perennial  snow  much  nearer 
than  they  are  at  present.”  The  above  pas.sage  is  couched  in  general  terms,  but 
1  have  reason  for  knowing  that  it  particularly  refers  to  the"  CMtapahar  range 
south  of  Attoek,  and  the  word  ‘  fragments,’  w-hich  might  be  supposed  to  refer  to 
‘erratics’  really  means  only  the  ^rolled  boulders  of  the  Indus  gravel.  As,  how¬ 
ever,  I  felt  very  sceptical  that  the  Indus,  abandoning  its  deep  and  rocky  gorge  to 
the  west  of  the  Chitapahar  hills,  had  over  really  flowed  here  and  there  over  the 
crest  of  that  range,  I  addressed  enquiries  on  this  point  to  my  colleague,  and  his 
reply,  though  intended,  I  think,  to  some  extent  as  confirmatory  of  such  an  idea, 
really  supports  my  own  opinion  on  the  subject  to  the  contrary.  In  his  repily, 
Mr.  Wynne  says  : — “One  swallow  don’t  make  a  summer,  one  pebble  would  not  make 
a  gravel ;  so  I  omi’t  declare  there  is  any  big  deposit  of  Indus  gravel  on  the  Chita 
range,  but  all  the  same  there  are  good  large  lumps  of  the  Indus  boulder  deposits 
scattered  about  on  the  ranges  of  Bagh  and  Choi,  at  heights  of  2,600  to  3,000  feet, 
too  numerous  to  have  been  carried  up  by  humans,  who  wenild  not  load  themselves 
with  two  or  three  seers  or  niore  of  such  stones  (gneiss,  ^e.)  and  carry  them  up 
some  thousands  of  feet  for  the  fun  of  the  thing,  or  as  prisoners  do  shot  drill." 
Now  I  think  these  words  of  my  colleague  establish  the  fact  that  there  is  no' 
deposit  of  gi-avel  on  the  ChitapahSr  range,  and  that  the  inference  of  the  former 
course  of  the  Indus  over  its  height  rests  on  the  occurrence  of  scattered  boulders 
of  Indus  gravel,  and  in  ignorance  of  any  reason  for  supposing  them  to  have  been 
transported  to  the  spot  in  question  by  human  agency. 

But  a  good  and  sufficient  reason  does  exist  for  this  latter  explanation.  It  is 
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tlie  habit  in  all  this  part  of  the  Indus  valley  to  collect  bonlders  from  the  vicinity 
of  the  river  and  convey  them  away  on  carts  or  camels  for  the  purpose  of 
strengthening  the  mud-walls  of  the  houses.  Near  the  river  the  walls  of  many 
houses  ore  mainly  built  of  the  larger  bouldei’s,  whilst  at  a  greater  distance,  the 
builders  use  these  stones  more  sparingly,  building  them  into  the  comers  of  the 
house  only,  where  they  protect  the  mud- walls  from  injury  from  passing  cattle,  &c. 
In  many  villages,  too,  a  very  old  trait  of  patriarchal  times  may  still  be  seen. 
Any  very  large  smooth  boulders  or  stones  from  Buddhist  or  other  ruins,  are 
brought  up  into  the  village,  and  either  ranged  under  a  tree  or  placed  in  some 
convenient  spot  for  the  use  and  delectation  of  the  village  headman,  and  ‘  grey 
beards,’  precisely  as  we  read  in  Homer,  was  the  case  in  Pyle  in  the  days  of 
Helens,  three  generations  of  articulate-speaking  men  before  the  fall  of  Troy. 
(Horn.  Od.,  Book  III,  1.  404.) 

'‘Hf/.og  S’  rjpiysVBia  i3pa.'ji\  poSoSaxruAoj 
*£lpVUT  up'  Pcp^VlOJ  l-KTrOTCl  Ngcrxcog 

’Ex  8’  kxSu>v  KUT  ap’  ex)  ^suroivi  Aidonriv 
01  ol  eirav  xpoxapot^e  bvpaxrv  t54'))A«t3'V 
Asuko),  axo(rTi\j3ovreg  aXsl^ccTO;  oi;  exi  p.ev  xplv 
NijXeuj  'i^effKBV  Seo(piy  fj.rjO’TXTg  oaaXavTog' 

AXA’  0  ptev  ^8>j  xjjpi  Sapieif  AiSoaSe  /3s/3^x6i, 

Nscrr'sxg  av  tot  e<Pii^s  TeprjViog  »pog  ' Ayjxim, 

Sx^Trrpov  eyxsv  xep)  8’  uisg  ocoXKeeg  rjyepsbovTO’^ 

An  even  more  probable  explanation  for  the  occurrence  of  Indus  gi’avcl  at 
different  .spots  on  the  Chitapahar  range  is  the  popular  fashion  of  ornamenting 
graves  in  this  part  of  the  Punjab  with  smooth  round  stones,  those  of  white  quartz 
and  variegated  gneiss  or  schistose  rock,  being  selected  more  commonly  for  this 
purpose.  This  practice  may  bo  noticed  many  miles  from  the  river  Indus,,  and 
proves  that  natural  piety  is  as  effective  a  stimulus  for  an  unproductive  ex¬ 
penditure  of  labour,  as  the  harsh  necessity  of  “  shot  drill and  to  this  latter 
cause  I  attribute  the  presence  of  the  Indus  pebbles  occasionally  mot  with  at 
considerable  height  on  the  Chitapahar  hill.  In  many  spots  villages  formerly 
existed,  which  are  now  abandoned  in  favour  of  the  plains,  owing  to  the  security 
for  life  and  property  which  the  people  now  enjoy. 

*  ‘Soon  as  Aurora,  daughter  of  the  Dawn, 

With  rosy  fingers,  had  unveiled  the  morn ; 

Prom  ofE  his  couch,  Gcreuian  Nestor  rose. 

And  issuing  forth,  refreshed  by  night’s  repose. 

On  polished  stones,  before  his  palace  gate 
As  Neleus  used  of  yore,  the  monarch  sate. 

White,  smootii,  and  glittering  in  the  sun  they  shone 
Unhewn,  each  bloch  disidayed  a  rustic  throne  ; 

But  Neleus  passing  to  th’  Elysian  shade 
Wise  Nestor  reigned  and  I’ylo’s  sceptre  swayed. 

Whilst  numerous  sons  around,  obeisance  made.’ 
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I  have  myself  crossed  the  Chitapahar  range  twice,  and  have  both  times  care¬ 
fully  sought  for  evidence  of  the  Indus  having  formerly  flowed  over  it,  hut  without 
success,  and  I  believe  that  river  has  never  deviated  from  the  deep  gorge  whereby 
it  now  crosses  this  barrier.  The  highest  alluvial  deposit  which  can  be  I’eferred 
to  the  river  Indus  in  this  quarter,  is  a  homogeneous  clay,  which  is  seen  in  places 
on  the  flanks  of  the  range  south  of  Choi,'  rising  to  a  height  (roughly  guessed) 
of  between  300  to  400  feet  above  the  present  bed  of  the  river. 

This  clay  may  possibly  be  of  lacustrine  origin  if  the  Chuch  Hazara  plain 
and  neighbourhood  weie  ever  occupied  by  a  lake  prior  to  the  lowering  of  the 
Indus  bod  to  its  present  depth.  Anyhow  I  should  say  400  feet  was  the  highest 
level  on  the  Chitapahar  range  above  the  present  Indus  bed,  at  which  any  dis¬ 
tinct  Indus  alluvium  can  be  made  out.  So  much  for  positive  indications. 

But  there  is  one  very  powerful  negative  argument  against  the  idea  of  the  Indus 
ever  having  hereabouts  flowed  at  the  height  indicated  by  Mr.  Wynne. 

Above  the  limits  at  which  the  clay  in  question  occurs,  the  hills  are  formed  of 
vertical  beds  of  limestone,  cut  up  or  fun'owed  by  deep,  almost  cavernous,  fissures, 
forming  a  deeply  serrated  surface,  which  would  have  acted  ns  the  most  efficient 
pebble  trap  that  could  be  imagined,  and  into  which  any  pebbles  must  have  been 
washed,  without  the  possibility  of  their  being  subsequently  cleared  out  again.  Yet 
not  a  single  pebble  or  boulder  of  any  sort  can  be  seen  in  any  of  these  rifts,  the 
conclusion  being  therefore  irresistible  that  no  wash  of  gravel  has  ever  taken  place 
over  them. 

The  next  papers  to  notice  are  two  by  myself  in  Records,  Vol.  X,  pages  140 
and  223.  In  the  former  I  describe  an  alluvial  deposit  in  the  Potwar  with 
numerous  .species  of  living  shells,  and  a  peculiar  silt  near  Jand,  possibly  in¬ 
dicative  of  glacial  conditions  at  the  time  it  was  being  dej)Osited.  Perhaps  the 
most  important  fact,  however,  was  the  occuiTence  of  a  large  ‘  erratic  ’  “  over 
20  feet  in  girth,  resting  on  alluvkmi  at  a  high  level,  eight  and  a  half  miles  from 
Pindigheb  and  eleven  miles  from  Taman”  (1.  c.,  p.  142) .  This  is  a  valuable  in¬ 
dication  of  the  relative  age  of  the  glacial  conditions  presumed  to  have  obtained 
in  the  district,  and  the  older  alluvium  ;  the  instance  here  quoted  not  admitting 
of  any  doubt  as  to  the  fact  of  the  '  erratic  ’  reposing  on  a  thick  bed  of  alluvium. 
My  other  paper  refers  to  certain  distinctions  that  should  be  drawn  between 
‘  erratics  ’  of  the  pleistocene  period  and  the  ‘  erratics,’  which  in  the  Salt-range 
are  embedded  in  strata  of  mesozoic  and  pateozoic  age,  and  which  are  as  distinct 
in  their  lithological  aspect,  as  they  are  from  the  Indus  erratics  by  their  geological 
age.  In  his  Memoir  on  the  Salt-range  (Vol.  XIV)  in  a  note  to  page  117, 
Mr.  Wynne  thus  correctly,  as  I  believe,  alludes  to  the  ‘erratics’  of  the  Indus 
valley : — “  In  other  parts  of  the  country,  too,  along  the  left  bank  of  the  Indus 
south  of  Attook,  the  foreign  erratic  blocks  are  too  numerous  and  too  large  to  be 
accounted  for  satisfactorily  in  any  other  way  that  I  know  Of.”  That  is,  than  by 
ice  agency.  T  wo  of  those  are  described  in  Records  X,  p.  124,  as  having  a  girth 

’  Choi  is  not  oil  the  Atlas  map.  It  is,  however,  a  little  nndcr  3  miles  from  the  mouth 
of  tlie  Haro  on  the  south  hank  of  that  river,  ami  is  a  halting  stage  (with  a  ‘sarai  ’)  on  the  road 
from  Attock  to  Khuslialgurb. 
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of  50  feet  by  6  to  8  feet  bigb,  and  48  feet  6  inches  by  12  feet  6  inches  high ;  the 
former  a  granitoid  rock,  the  last  of  basalt. 

I  now  pass  to  the  consideration  of  a  clearly- written  and  valuable  paper  by 
Mr.  Lydekker  in  Records  XII,  p.  15,  in  which  the  glacial  question  is  treated  at 
some  length.  Among  general  conclusions  my  colleague  affirms  that  in  Kashmir 
6,500  feet  is  about  the  lowest  level  at  which  “  undoubted  evidence  of  former 
glacier  action”  exists.  This,  I  think,  may  be  true,  as  I  have  myself  been  struck 
with  the  remarkable  absence  of  such  evidence  in  the  valley,  though  I  never 
questioned  the  existence  of  such  evidence  at  much  lower  levels  in  the  outer  hills. 
The  cause  of  this,  should  the  statement  not  require  modification,  is  I  regard 
an  interesting  object  for  future  investigation.  Mr,  Lydekker  differs  also  from 
Prof.  Leith  Adams  in  his  failing  to  recognise  any  proofs  of  a  glacial  origin 
for  the  Baramula  gravels,  and  in  this  I  agree  with  my  colleague.  At  page  30 
(Z.  c.)  Mr.  Lydekker  records  his  dissent  from  Colonel  Godwin-Austen’s  opinion 
that  certain  granitoid  blocks  in  the  Jhelum  valley  below  Baramula  have  been 
brought  to  their  present  position  by  ice  action.  Here  I  dissent  from  my 
colleague,  and  consider  that  Colonel  Godwin-Austen  has  rightly  estimated  the 
mode  of  transport  of  these  blocks  in  question.  In  supj)ort  of  his  view  my 
colleague  goes  at  some  length  into  a  desci’iption  of  the  Jholum  valley,  which, 
being  clear  in  language,  and  convoying  completely  my  own  views,  I  shall  here 
quote  in  extenso.  That  my  colleague  has  arrived  at  a  different  conclusion  to 
myself,  I  attribute  solely  to  the  accident  that  he  has  not  seen  such  a  ‘  key 
section,’  as  I  may  term  it,  as  I  was  fortunate  enough  to  discover  during  last 
season’s  work  in  the  valley  of  the  Xainsukh,  above  Gurhi  Habibula  ; — 

“  At  Rdmpur  the  alluvial  formation  contains  gneissic  blocks,  some  of  which 
are  as  much  as  15  feet  in  diameter ;  the  whole  formation  is  at  least  one  hundred 
feet  in  thickness  on  the  left  bank  of  the  river.  The  included  blocks  are  all  more 
or  less  rounded  and  water-worn,  while  the  matrix  in  which  they  are  embedded 
is  here  but  little  stratified.  As  we  descend  the  river,  the  blocks  of  gneiss  con¬ 
tinue  to  decrease  in  size  till  we  come  upon  the  sharp  bend  in  the  river  below 
Rampur ;  here  a  fresh  stream  of  gneiss  blocks  has  come  down  a  ti’ibutary  stream 
from  the  second  gneiss  mass  in  the  Kaj-Xag  range ;  some  of  these  blocks  have  a 
long  diameter  of  20  feet. 

“  Still  continuing  our  survey  down  the  river,  we  find  the  gneiss  blocks  again 
becoming  smaller  and  smaller,  and  half  way  to  TJri  the  alluvial  deposit  is  seen 
to  be  most  distinctly  stratified.  All  the  gneiss  boulders  have  their  long  axes 
inclined  up  the  stream  and  towards  the  river  bed  at  an  angle  of  about  30° ;  so 
that  one  of  the  fiat  sides  is  opposed  to  the  flow  of  the  stream,  as  we  find  to  be 
the  case  in  any  deposit  of  modern  river  pebbles.  The  summit  of  the  alluvial 
formation  is  level,  forming  high-level  jDlateaux  on  either  side  of  the  river.  At 
Uri  we  find  a  similar  plateau,  some  200  feet  in  thickness,  formed  of  the  red 
Sirmur  rocks  of  the  neighbouring  hills.  The  pebbles  in  this  deposit  are  rounded 
and  have  the  same  relative  position  in  regal’d  to  the  stre.am  as  the  gneiss  blocks 
higher  up.  A  few  small  gneiss  blocks  ax’e  found  in  the  Uri  deposit.” 

Now  all  this  I  fully  accept  as  a  correct  description  of  the  Jholum  terrace 
gravels  and  boulder  deposits,  for  I  regard  it  would  be  as  one-sided  in  me  to 
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either  fail  or  refuse  to  recognise  the  agency  of  water  in  their  arrangement  as 
I  hold  it  to  he  in  any  opponents  who  fail  to  recognise  the  proofs  of  glacial 
agency  concurrently  present  in  the  same  area. 

I  do  not  point  to  well-rounded  boulders  embedded  in  a  stratified  deposit, 
with  their  long  axes  arranged  with  reference  to  the  direction  of  the  river,  as 
proof  of  glacial  agency ;  but  I  do  point  to  streams  of  blocks  not  so  rounded, 
but  sub-angular  and  piled  on  one  another,  with  little  or  no  intervening  matter, 
in  a  fashion  suggestive  of  moraine  rather  than  river  transport.  It  is  true  the 
rock  of  which  the  largest  blocks  consist  rounds  off  by  surface  exfoUation  under 
atmospheric  action ;  but  the  streams  of  sub-angular  blocks,  to  which  I  allude, 
have  no  nearer  resemblance  to  the  water- worn  boulders  deseribed  by  my  colleague 
than  accrues  from  their  consisting  of  the  same  identical  rock.  As  an 
instance  in  point  I  may  mention,  on  the  right  bank  of  the  Jhelum  the  stream  of 
blocks  which  is  seen  to  descend  the  Kathai  stream  just  below  the  Fort  of 
Kathai,  and  is  buried  in  the  surface  of  the  high  level  plateau  before  reaching 
the  Jhelum.  These  blocks  are  scattered  about,  sometimes  isolated  on  the  surface 
of  the  alluvial  plateau  ivhereon  they  rest,  in  other  places  ranged  in  clusters  or  piled 
against  each  other  ivith  little  or  no  intervening  matter;  and  they  are  all  more  or  less 
suh-angular,  and  have  none  of  the  appearance  of  having  heen  washed  down  the  valley 
or  hy  the  stream.  Granting,  for  argument’s  sake,  that  a  great  debacle  might  have 
washed  them  down,  it  would  not  have  arranged  them  in  a  long  thin  line,  heading 
up  the  valley ;  in  a  word,  their  arrangement  is  decidedly  suggestive  of  moraine 
aetion  as  distinguished  from  fiuviatile. 

Mr.  Lydekker  adds  (l.e.,  p.  31)  : — “  It  will  be  gathered  from  the  above  observ¬ 
ations,  that  the  whole  of  the  gneiss  blocks  in  the  Jhelum  valley  have  followed 
the  course  of  tributary  mountain  streams,  have  not  been  carried  across  inter¬ 
vening  ridges,  and  are  embedded  in  an  aqueous  formation.”  To  this  passage  I 
can  give  my  cordial  assent,  if  I  may  interpolate  after  the  word  ‘  in’,  the  words 
‘  and  on,  ’  which  in  my  opinion  furnish  the  clue  to  the  discrepancy  of  opinion 
between  my  colleague  and  myself.  The  rounded  blocks  to  which  my  colleague 
points  as  conclusive  of  fiuviatile  agency  may  be,  and  no  doubt  are,  embedded  in 
river  deposits ;  the  sub-angular  ones  on  which  I  no  less  confidently  rely  as  proving 
moraine  agency  are,  I  believe,  always  found  resting,  not  m,  but  on,  the  above 
river  deposits. 

There  is  one  paragraph  with  which  I  cannot  agree  : — “  It  will  be  gathered 
from  the  above  observations  that  the  Jhelum  is  now  a  denuding,  and  not  a 
depositing,  river,  as  it  was  when  these  alluvial  formations  were  laid  down ;  from 
which  we  may  probably  infer  that  great  changes  of  level  have  taken  place 
since  the  period  of  these  deposits,  which  may  have  afforded  greater  facilities  at 
certain  times  for  the  movements  of  the  blochsf’  This  is  far  from  clear.  The 
‘  change  in  level,  ’  which  converted  the  Jhelum  from  an  excavating  stream 
employed  in  deepening  its  bed  into  a  depositing  one,  which  it  must  have  been 
when  it  refilled  its  valley  with  alluvial  deposits  200  or  300  feet  thick,  was  one  of 
subsidence,  w'hereby  the  gradient  of  the  Jhelum  valley,  both  the  main  channel 
and  all  its  tributaries,  was  low'ered, — the  proximate  cause,  of  course,  of  the 
deposition  of  the  above  bods:  ccoteris  paribus,  therefore,  this  change  could  neither 
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physically  nor  climatally  have  afforded  greater  facilities  for  the  transport  of  large 
blocks  than  previously  existed  ;  rather  the  contrary. 

In  his  “  further  notes,  &c.”  (Record  XII.,  p.  II4),  Mr.  Wynne  divides  the 
pleistocene  deposits  of  the  Northern  Punjab  into  an  upper,  middle,  and  lower 
sub-division,  characterizing  them  respectively  as  “  Northern  detrital  drift,” 
“  Alluvium  and  river  drift,”  “  Post  tertiary  valley  or  lake  deposits.” 

It  may  be  questioned  how  far  the  middle  and  lowei-  of  these  sub-divisions 
are  sepai-able  or  dissimilar;  but  the  great  merit  of  this  division  is  that  it 
distinctly  recognises  the  relative  position  of  the  ‘  glacial  deposits’  and  the  older 
alluvium,  and  shows  how  nearly  on  the  verge  of  discovering  the  true  significance 
of  this  fact  Mr.  AVynne  was. 

Mr.  Wynne  is,  however,  careful  to  let  it  bo  known  that  he  disclaims  glacial 
agency  in  the  distribution  of  his  ‘Northern  detrital  drift’,  not  only  by  intro¬ 
ducing  the  somewhat  superfluous  adjective  ‘  detrital  but  by  the  definition  he 
gives  at  page  132  (b  c.)  : — “  Northern  drift.  I  use  this  term  instead  of  the  more 
simple  one  “  erratic  drift,”  which  would  apjpear  to  convoy  to  some  Indian  geologists 
a  closer  connexion  with  glacial  geology  than  is  necessary  to  the  purpose.”  This 
disclaimer  suffices  to  show  how  nearly  Mr.  Wynne  missed  recognising  the 
essential  merit  of  his  own  classification.  Especially  when  read  in  connexion 
with  what  follows : — “  By  Northern  drift,  then,  is  here  iaeant  that  influx  of 
travelled  masses  which  has  followed  the  course  of  the  Indus  from  the  north 
and  been  distributed  over  large  spaces  of  the  Rawalpindi  plateau,  to  a  distance 
(I  am  informed  by  Mr.  Theobald)  of  25  miles  from  the  river.  These  bloeks 
are  easily  recognisable,  aU  along  the  upper  Indus  as  far  as  I  went,  to  be  the  same 
as  those  further  down  its  course.  They  often  rest  on  the  terraces,  and  some  of 
them  are  of  very  large  size."  Mark  how  very  nearly  discovering  the  truth 
Mr.  Wynne  must  here  have  been  (how  he  ‘  burned,’  as  children  say  at  ‘  blind 
man’s  buff  ’),  could  he  only  have  recognised  the  significance  of  their  not  occurring 
in  the  terraced  gravels  though  scattered  about  on  them !  Considering,  too,  that 
Mr.  Wynne  gives  the  girth  of  one  of  these  bloeks  near  Torbela  as  109  feet,  his 
disclaimer  of  glacial  agency  on  its  transport  seems  to  me  to  savour  of  caution 
overmuch  !  It  would,  indeed,  seem  to  be  an  afterthought,  as  in  his  Geology  of 
the  Salt  Range,  at  page  117,  Mr.  Wynne  thus  expresses  himself  of  these  very 
blocks  : — “  In  other  parts  of  the  country,  too,  along  the  left  bank  of  the  Indus 
south  of  Attock,  the  foreign  erratic  blocks  are  too  numerous  and  too  large  to  be 
accounted  for  satisfactorily  in  any  other  way  that  I  know  of  ” — that  is,  than  by 
ice  ;  and  it  is,  I  think,  to  be  regretted  that  Mr.  Wynne  should  have  been  led  to 
abandon  this  sound  view,  and  substitute  for  it  the  disclaimer  of  glacial  agency 
in  his  later  paper,  quoted  above. 

At  the  end  of  the  paper  in  the  Records  (XII,  p.  132),  Mr.  Wynne  notices 
a  detached  mass  of  limestone  127  paces  in  girth,  which  may  possibly  be  an 
‘  erratic  ’  slipped  down  from  Sirban  mountain,  aided  possibly  by  ice  before  the 
intervening  ravine  was  cut,  or,  as  I  would  suggest,  when  it  might  have  been 
sheeted  over  by  ice  ;  and  Mr.  Wynne  records  the  discovery  by  myself  of  glacial 
strias  on  a  block  of  quartzite  below  Torbela.  I  mention  this  to  express  my  belief 
that  the  strife  in  question  are  not  glacial,  as  I  once  supposed  they  might  be  ;  but 
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what  could  have  produced  straight,  but  not  parallel,  scratches  on  a  hard  corne¬ 
ous  quartzite,  I  cannot  say.  They  may  bo  glacial,  hut  their  varying  direction 
makes  this  very  doubtful. 

To  I’evert  now  to  my  own  observations  during  the  past  season.  I  may  commence 
by  saying  that  a  re-examination  of  the  ground  near  Jand  failed  to  verify  the 
occurrence  of  ‘  erratic  ’  blocks  in  the  peculiar  silt  of  that  neighbourhood.  The 
occurrence  of  ‘erratic’  blocks  in  this  silt  rests  on  two  presumed  instances- recorded 
in  my  paper  (Records  X,  p,  142)  of  such  blocks  being  seen  reposing  in  sit.u 
and  partly  embedded  in  the  silt ;  but  from  the  conditions  of  the  case,  such 
an  observation  requires  corroboration,  and  hitherto  my  search  for  a  section  dis¬ 
playing  such  blocks  embedded  in  the  silt  has  not  been  rewarded  with  success ;  and 
the  glacial  character  of  the  deposit  may  therefore  be  still  considered  as  unsettled. 
That  this  silt  is  a  lacustrine  deposit,  is,  I  think,  more  than  probable,  and  that  it  is 
really  the  homologue  of  the  coarse  alluvial  accumulations  near  Rawalpindi,  when 
the  lower  part  of  the  Sohiin  valley  and  the  adjoining  region  along  the  Indus, 
with  the  Ohuch  Hazara  plain,  constituted  a  lake  through  which  the  Indus  flowed, 
and  which  owed  its  origin  in  part  perhaps  to  that  subsidence  of  the  whole  area  to 
which  the  thick  alluvial  deposits  in  the  Indus  valley  and  its  tributai’ies  bear  tes¬ 
timony.  If  my  .suggestion  is  correct,  that  this  silt  is  the  exact  homologue  of  the 
clays  and  gravels  to  the  east  and  north,  it  at  once  explains  why  no  erratics  are 
found  embedded  in  it,  though  more  or  less  widely  dispersed  over  the  area  covered 
by  it,  .since  I  shall  presently  show  that  the  glacial  conditions  whereby  the  erratics 
in  question  became  distributed,  supervened  on  (that  is,  after)  the  deposition  of 
the  gravels  in  question.  At  page  51G  of  the  Manual,  Mr.  Blanford  suggests  the 
idea  of  lacustrine  conditions  as  contributing  to  the  di.spei’sal  of  these  blocks,  with 
the  altemative  suggestion  of  a  “  variation  in  the  cowsa  of  tii-e  Indies,  and  to  the  re¬ 
versed  flow  of  its  tributaries  in  great  floods.'^  I  shall  endeavour  to  show  that  each 
of  those  sugge.stions  has  its  share  in  pi’oducing  the  phenomena  under  review. 
The  lineal  arrangement  of  these  ‘  eri’atics  ’  in  the  Potwar, — one  line  following 
the  general  direction  of  the  Sohan  valley,  whilst  a  parallel  train  of  ereatics  passed 
near  Jand  (Reo.  X.,  page  142),  could  only  have  originated  in  two  ways,— either 
through  ‘  moraines  ’  descending  to  the  Indus  trough,  or  through  floating  masses  of 
ice  sweeping  up  the  tributary  valleys  during  a  reversed  flow  of  the  streams  pro¬ 
duced  by  floods.  And  the  result  would  not  be  interfered  with,  supposing  the  area 
adjoining  the  river  to  have  been  temporarily  covered  by  a  lake,  as  the  reversed 
flow  of  the  streams  falling  into  the  lake,  during  the  rise  in  its  waters  resulting  from 
Indus  floods,  would  suSico  to  establish  a  direct  current,  mainly  coinciding  with 
the  old  river  channels,  through  the  body  of  still  water  of  the  lake  at  large  and 
constituting  water  lanes,  along  which  the  eiTatic  blocks  and  floating  ice  could 
bo  carried,  and  to  which  the  linear  arrangement  of  the  blocks  now  seen  would 
be  due.  If,  however,  there  was  no  lake,  the  ‘  reversed  ’  flow  of  flood  would  pro¬ 
duce  this  lineal  ari’angement  of  erratics,  as  a  matter  of  course ;  but  the  presence 
of  a  lake  would,  I  think,  no  less  permit  of  a  similar  distribution  of  the  blocks,  and 
would  fully  account  for  their  presence  in  the  situations  they  are  found  to  occuj^y, 
that  is,  on  the  top  of  the  alluvium,  as  near  Pindigheb,  for  example,  and  Taman. 
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Leaving  the  vicinity  of  Jand,  which  may  be  regai’ded  as  somewhere  near  the 
centre  of  the  supposed  lake,  and  proceeding  north,  we  find  an  instructive  section 
of  these  valley  deposits  near  Pari,  on  the  Kara  river  (3  miles  east-south-east  from 
Shadipur,  on  the  right  bank  of  the  Indus^  and  about  15  miles  from  Jand.  Ap- 
proaching  the  Indus  from  the  south-east,  along  the  road  leading  to  Pari  and 
Shadipur,  we  see  in  front  of  us  a  long  stretch  of  rising  ground,  moi’e  or  less 
parallel  with  the  river  and  decreasing  in  height  away  from  the  banks.  The  edge 
of  this  line  of  rising  ground  is  very  rugged  and  broken  up  by  denudation,  and  the 
Nara  river  below  Pari  gives  a  clear  section  of  the  beds,  showing  that  the  rising 
ground  in  question  is  simply  a  belt  of  coarse  beds,  whose  maximum  thickness  is 
attained  in  the  immediate  vicinity  of  the  river,  and  which  thins  out  away  from 
its  channel,  owing  to  the  coarser  material  being  at  once  deposited,  whilst  the 
finer  sediment  only  is  conveyed  to  more  distant  parts  of  the  valley.  The  bed  of 
the  Indus  is  here  cut  deeply  in  Siwalik  sandstones,  dipping  mostly  at  high 
angles.  On  the  edge  of  these  beds  rests  a  thick  alluvial  deposit,  divisible  into 
a  lower  or  conglomeratic  portion,  and  an  upper  division  of  clays  in  which  the 
conglomeratic  element  is  wholly  subordinate — the  united  thickness  of  both  divi¬ 
sions  along  the  river  not  falling  short  of  80  or  100  feet,  though  how  much 
has  been  removed  by  surface  denudation,  it  is  impossible  to  say.  The  lower 
conglomerate  is  very  coarse  and  heterogeneously  composed,  the  largest  boulders 
in  it  being  of  nummulitic  limestone,  commonly  3  or  4  feet  in  girth ;  and  often 
sub-angular,  the  ingredients  being  evidently  derived  from  the  Chitapahar 
range  only  a  few  miles  distant  to  the  north.  This  deposit  is  clearly  a  coarse  river 
gravel,  but  although  very  large  blocks  occur  in  it,  I  did  not  notice  decisive 
proofs  of  glacial  conditions — that  is,  any  monster  blocks  of  the  Hazara  gneiss 
actually  in  it.  In  the  valley  of  the  Hara  river,  however,  one  mile  east  of 
Shadipur,  I  noticed  two  huge  ‘erratics’  not  far  apart,  one  of  Hazara  gneiss 
60  feet  in  girth,  and  one  of  nummulitic  limestone  60  feet  in  girth ;  but 
although  these  might  have  been  derived  (from  the  position  they  were  in) 
from  the  coarse  bottom  bed  above  described,  they  might  equally  have  been  let 
down  into  the  stream  bed  from  a  higher  position  by  mere  denudation,  and  this 
view  is  supported  by  other  considerations  I  shall  soon  adduce.  All  about  Pari, 
too,  large  craggy  masses  of  limestone  are  scattered,  which  may  be  doubtfully 
referred  either  to  this  coarse  bed  or  to  ice  flotation  at  a  later  period  ;  and  their 
distance  from  the  river,  and  their  being  out  of  the  direct  line  of  its  floods 
properly  so  viewed,  render  the  latter  supposition,  I  think,  the  preferable  one. 
Above  this  coarse  bottom  bed  occurs  a  group  of  clays  of  equal  thickness,  or 
greater  perhaps,  away  from  the  immediate  vicinity  of  the  river.  This  clay  in 
places  contains  a  little  kankar,  and  forms  the  general  surface  of  tbe  countiy  here¬ 
abouts  ;  and  on  its  surface  genuine  erratics  are  here  and  there  seen  of  the  Hazara 
gneiss,  which,  as  I  believe,  can  have  been  only  so  brought  by  ice  flotation ;  and 
if  we  regard  the  basal  conglomerates  as  local  deposits,  resulting  from  tbe  proxi¬ 
mity  of  the  Indus  gorge  (below  Hilab  Gash)  and  the  Chitapahar  range,  the 
homology  between  the  Jand  silt  and  the  ordinary  valley  alluvium  is  clearly  seen, 
both  resting  on  the  denuded  sandstones,  wherein  the  river  has  now  deeply  sunk, 
and  both  supporting’ genuine  ‘  erratic  ’  blocks  of  a  later  period. 
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Leaving  now  the  Potwar,  and  crossing  tlie  Cliitapaliar  range,  we  descend 
into  the  valley  of  the  Hurroh  (which  joins  the  Indus  at  the  rectangular  bend 
that  river  makes  to  the  west),  at  Nilat,  where  the  old  royal  road  from  Peshawar 
to  Hindustan  used  to  cross,  and  both  the  Haripur  and  Chuch  plains  offer  some 
points  of  great  interest  in  connection  with  their  recent  deposits  and  the  physical 
changes  of  surface  they  reveal. 

The  Haripur  plain  is  bounded  on  all  sides  except  to  the  south-west  by 
hills,  and  is  composed  of  a  deep  alluvial  deposit,  the  older  rocks  not  usually 
appearing’,  away  from  the  hills  which  bound  the  valley.  South  of  the  old  can¬ 
tonments  of  Haripur,  the  whole  of  the  drainage  of  the  valley  is  conveyed  into 
the  Hurroh  river ;  whilst  that  to  the  north  finds  its  way  into  the  Dorh,  which, 
after  being  joined  by  the  Siran,  flows  into  the  Indus  above  Torbela,  past  the 
northern  extremity  of  Gandgarh  moitntain,  which  is  interposed  between  that 
river  and  the  Haripur  plain.  Ho  erratics  occur  in  any  part  of  the  Haripur 
plain,  and  the  valley  of  the  Hurroh  is  wholly  free  from  them  till  within  a  mile 
or  less  of  the  spot  where  the  Peshawar  trunk  road  crosses  the  stream.  Down  to 
this  point  the  valley  may  be  said  to  be  sheltered  by  the  mass  of  Gandgarh ;  but 
directly  the  lower  ridges  south  of  Gandgarh  are  passed  (going  west),  ‘  erratics  ’ 
of  Hazara  gneiss,  or  the  Indus  ‘  erratics,  ’  as  they  may  be  called,  appear  in  some 
force,  and  from  the  spot  Avhere  the  road  crosses  continue  down  tin}  valletj  of  Hurroh 
as  far  as  its  junction  with  the  Indus  at  Barotha.  These  ‘erratics,’  as  I  have  stated, 
have  not  descended  the  Hurroh  valley,  but  have  cut  abruptly  into  it  from  the 
Indus,  beloAv  the  sheltering  barrier  of  Gandgarh,  or,  in  other  words,  the  former 
course  of  the  Indus  coincided  with  the  present  course  of  the  Hurroh,  west  and 
south  of  that  mountain.  This  will  be  rendered  clear  by  a  glance  at  the  accom¬ 
panying  sketch  map,  Avhereon  is  marked  the  course  of  these  Indus  ‘  erratics  ’  and 
their  distribution  in  this  neighbourhood  ;  and  it  will  be  at  once  apparent  that  at 
no  remote  period  the  Kabul  riA^er  joined  the  Indus — not,  as  now,  at  Attock,  but 
close  to  Barotha,  some  9  miles  to  the  south.  The  Avhole  of  the  country  botAveen 
the  trunk  road  on  the  north  and  the  Hurroh  on  the  south,  consists  of  rolling 
‘  downs  ’  of  river  alluvium,  mostly  sandy,  Avith  here  and  there  a  sprinkling  of  Indus 
gravel  and  boulders,  and  scattered  ‘  erratics  ’ — those  last  being  specially  numerous 
along  the  course  of  the  Hurroh,  as  the  annexed  map  Avill  show.'  Many  of  these 
en'atics  are  of  large  size,  50  feet  in  girth  or  more,  though  of  cotu’se  the  majority 
are  smaller.  They  consist  of  Hazara  gneiss  or  of  limestone,  which  last  rock  has 
not  travelled  so  far  as  the  other.  The  sketches  hero  given  (see  Plate)  of  one 
near  Dakner  and  of  another  near  Jand,  by  Mr.  Wynne,  will  give  a  good  idea  of 
the  general  appearance  of  these  blocks — those  of  limestone  or  of  any  crystalline 
schist  being,  fi-om  the  nature  of  the  rock,  usually  more  jagged  and  angular  than 
those  of  gneiss,  which  is  so  Avont  to  ‘  flake  off  ’  at  the  sni’face. 

Ho  one,  I  think,  who  considers  that  the  aboA’c  ‘  ci’ratics  ’  (granite)  have 
travelled  from  the  most  distant  parts  of  Hazara,  and  are  now  seen  reposing  on  a 
sandy  plain,  Avill  entertain  serious  doubts  as  to  their  truly  ‘  erratic  ’  charactei',  or 
that  they  huA'e  been  conveyed  by  ice  flotation  to  the  positions  they  noAV  occupy. 


^  See  also  Wynne’s  map,  Recortls  X,  Part  3. 
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Mr.  Wynne  also  writes  as  follows  (Records  X,  p.  124)  ; — “  On  one  of  the  river 
terraces  of  tlio  Indus  gorge,  between  Pari  and  Bahtar,  I  measured  an  ‘  erratic  ’ 
mass  of  unfossiliferoua  limestone  9  fcict  liigh  and  74  feet  in  girtb,  which  may  have 
belonged  to  any  of  the  neighbouring  limestones,  from  the  lower  nummulitic  down- 
wai’ds,  and  seems  to  bo  as  truly  an  erratic  block  as  any  of  the  others.’*  No  doubt  this 
block  had  not  travelled  far,  but  it  is  interesting  to  find  such  a  mass  on  an  old  river 
terrace,  when  the  full  significance  is  realised  of  such  blocks  occurring  on  the  old 
gravels,  but  not  in  them,  as  would  seem  to  have  been  always  assumed  as  being  the 
case,  as  a  matter  of  course,  by  the  opj)onents  of  glacial  theories. 

No  less  interesting,  as  proving  the  altered  surface  conditions  now  prevailing, 
are  the  indications  affoiHicd  by  the  lower  part  of  the  Dohr  valley,  where  it  is 
joined  by  the  Siran.  Leaving  Haripur  by  the  Torbela  road,  which  descends 
sensibly,  and  continues  nearly  parallel  to  the  course  of  the  Doin’,  wo  come  in 
sight,  at  about  4  miles,  of  what  seems  a  low  ridge  stretching  right  across  the 
valley  and  connecting  the  hills  across  the  Dohr  with  the  Gandgarh  range  of  hills. 
A  little  to  the  left  of  this  seeming  ridge,  and  perched  on  the  foot  of  the  Gand¬ 
garh  hills,  is  the  village  of  Dari ;  and  away  to  the  right  is  Barukot.  Approach¬ 
ing  nearer,  we  find  that  the  seeming  ridge  is  broached  right  in  fi’ont  of  us  by  the 
Dorh,  after  being  joined  by  a  small  stream  from  the  south,  when  it  flows  on  and 
joins  the  Siran  close  to  the  village  of  Tapli.  The  road  along  the  bank  of  the 
Dohr  here  affords  an  excellent  section  of  the  coarse  boulder  deposits  which  seem 
to  constitute  the  ridge  in  question.  On  the  Gandgarh  flanks,  round  which  the 
road  winds,  the  dcijosit  consists  of  coarse  gravel  and  boulder  conglomei’ates, 
with  a  good  many  Indus  erratics  strewed  about  the  hill  side  and  lying  in  the  bed 
of  the  stream.  One  of  these  near  Tapli  was  measured  by  Mr.  Wynne  (Recoi-ds, 
XII,  p.  132)  and  found  to  be  1 09  feet  in  girth,  and  others  of  about  half  that  size 
are  pretty  frequent  lower  down.  None  of  these  have  deseevided  the  Dohr,  and  at  first 
sight  the  impression  was  a  very  strong  one  that  the  seeming  bank  on  which 
Barukot  stands,  littered  over  as  it  is  with  ‘  erratics,  ’  was  a  moraine  which  had 
descended  the  Siran  valley  and  been  breached  by  the  Dohr  jmior  to  its  ellocting  a 
junction  with  the  former  river.  An  examination  of  the  ground  about  Barukot, 
however,  totally  dispelled  this  view  and  revealed  a  very  curious  and  anomalous  con¬ 
dition  of  things.  The  ridge  in  question  was  found  to  bo  a  remnant  of  the  same  old 
alluvium  constituting  the  Haripur  plain,  and  cut  into  a  tongue  by  the  Siran  on  one 
side  of  it  and  the  Dohr  on  the  other.  This  spit,  or  tongue,  is  thickly  covered  with 
Indus  boulder  gravel  and  some  erratics  ;  but  not  a  single  erratic  or  boulder  en¬ 
croaches  on  or  is  found  in  the  Haripur  plain,  which  is  hei’e  below  it  in  level ;  and 
I  do  not  think  any  of  this  gravel  is  discernible  over  100  yards  beyond  its  sharply, 
defined  boundary  at  the  village  of  Dari,  or  south  of  the  Dohr,  which  ran  under 
the  Barukot  ridge. 

In  the  valley  of  the  Siran,  not  a  boulder  or  erratic  is  to  be  seen,  and  the  sur- 
pi’ising  inference  is  unavoidable  that  the  capping  of  boulder  gravels  and  erratics 
has  been  washed  over  the  Haripur  alluvium  from  the  Indus  itself.  At  first  sight 
it  would  seem  as  if  those  erratics  and  boulder  gravel  or  drift  must  have  ascended 
the  course  of  the  joint  Dohr  and  Siran  valley,  but  a  glance  at  the  map  and  the 
space  covered  by  these  ‘  erratics  ’  will  show  that  supposition  is  not  necessary.  But 
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tlie  remarkable  tiling  is,  that  if  the  Indus  current  brought  this  gravel  over  the 
top  of  what  now  form  the  Barukot  ridge,  it  did  not  pass  bodily  round  Gand- 
garh  hills  and  flow  through  the  plains  east  of  Ganclgarh. 

The  accumulation  of  ‘  erratics  ’  rafted  by  ice,  up  a  backwater  of  a  tributary 
during  a  flood  in  the  main  river,  could  be  easily  understood ;  but  not  so  a 
thick  deposit  of  boulder  gravel,  unless  on  the  supposition  that  Bie  well-rounded 
character  of  the  boulders  is  no  bar  to  their  being  a  veritable  glacial  deposit 
also.  And  this  conclusion  is,  I  think,  the  only  one  admissible.  A  strong  current 
alone  (if  we  dismiss  the  idea  of  ice  flotation)  could  have  accumulated  the 
coarse  cap  of  boulder  gravel  and  clays  here  seen,  between  Dari  and  Barukot ; 
but  if  the  Indus  flowed  as  far  as  Dari  in  full  cuiTent,  it  must  have  flowed 
further  towards  Haripur  ;  but  this  it  unquestionably  never  did,  and  the  conclu¬ 
sion  therefore  is  that  this  deposit  is  one  formed  by  floating  ice  charged  with 
clay  and  boulders,  which  accumulated  in  the  ‘  cul  de  sac  ’  of  the  Dohr  mouth  and 
deposited  its  burden  on  melting  all  over  the  area  submerged  by  the  Indus  flood 
water.  The  reason  why  the  Indus  did  not  flow  further  into  the  Haripur  plain 
is  of  course  that  the  plain  was  then  higher  than  now,  and  barred  the  further 
advance  of  the  flood  waters  laden  with  ‘  en-atics  ’  in  that  direction.  As  I  have 
remarked,  the  boundary  of  this  coarse  boulder  deposit  is  very  sharp  and  defined, 
and  this  belt  of  gravel  has  served  to  check  denudation  over  the  area  covered  by  it, 
while  the  irndefended  alluvium  of  the  Haripur  plain  has  been  greatly  lowered 
by  the  scour  of  the  Dohr  and  its  feeders,  the  result  being  the  scarped  gravel-cap¬ 
ped  ridge  on  which  Barukot  stands.  Parts  of  this  deposit  have  a  certain  resem¬ 
blance  to  the  TaloJiir  hotdder  hed,  in  consisting  of  a  compact  clay  in  which  boulders 
are  disseminated,  as  may  be  seen  in  the  cuttings  on  the  Torbela  road,  though  the 
bulk  of  the  deposit  is  a  coarse  stratified  boulder  gravel. 

The  following  localities  for  ‘  erratics  ’  may  be  specified.  From  Barukot  to 
Toi’bela  along  the  course  of  the  Dohr,  and  on  the  left  bank  of  the  Indus  for 
some  miles  above  Torbela,  some  of  these  gneiss  erratics  are  over  100  feet  in  girth. 
Hear  Attock  small  erratics,  as  well  as  rounded  boulders,  are  freely  scattered  about 
to  a  level  of  from  300  (or  perhaps  400)  feet,  or  thereabouts,  above  the  present 
bed  of  the  river.  South  of  Haji  Shah  a  gneiss  ‘eri-atic,’  some  20  feet  in  girih,  is 
lying  in  a  field,  and  some  smaller  ones  near  it.  One  mile  north-east  of  Camp- 
bellpur  is  a  gneiss  ‘  erratic  ’  30  feet  in  girth,  and  in  the  low  ground  near  Campbell- 
pirr,  an  enormous  number  of  ‘  erratics  ’  fi-om  20  to  30  up  to  near  100  feet  in 
girth.  The  largest  of  these  are  limestone,  but  some  of  the  smaller  ones  are  of 
gneiss.  South-east  of  Campbellpur,  near  the  village  of  Boliwala,  a  little  orrtside, 
seemingly,  the  limits  of  the  Indus  bed,  or  Haro  (Hurroh)  channel  as  it  now  is, 
a  few  ‘  erratics  ’  are  seen  12  feet  or  more  in  girth  ;  and  these  blocks  were  pro¬ 
bably  stranded  there  during  floods.  At  IJ  mile  east-south-east  from  Boliwala  is 
a  granite  ‘  erratic  ’  in  a  field  by  itself,  with  ‘  cup  marks  ’  on  the  top. 

The  whole  country  in  this  direction,  towards  Kala-ka-serai,  is  an  old  high 
level  alluvium,  co-extensive  with  the  Indus  alluvium  of  the  lower  Haro  (Hurroh) 
valley,  but  no  en’atics  save  those  near  Boliwala  on  its  edge  were  noticed  in  it. 
Some  3  miles  north-east  of  Choi,  on  the  road  fi-om  Campbellpur,  a  huge  and 
jagged  erratic  of  quartzose  gneiss  occurs.  It  has  spontaneously  broken  up  into 
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several  pieces,  but  must  when  whole  have  measured  some  60  feet  in  girth.  In  a 
word,  the  whole  country  is  dotted  with  these  erratics  from  the  point  where  the 
Peshawar  road  crosses  the  Haro,  to  the  mouth  of  that  river  at  Barotha,  and  thence 
to  Dakner  in  the  Attock  road. 

Across  the  Indus,  in  a  north-west  direction,  stretches  the  Yusuf zai  plain,  the 
broad  open  valley  of  the  lower  portion  of  the  Kabul  river.  This  plain  consists 
of  a  thick  deposit  of  alluvium  laid  down  by  the  Kabul  river  and  its  tributaries, 
and  may  be  partly  at  least  of  lacustrine  origin.  I  made  one  traverse  across  it 
from  Kowshera  to  Hoti  Murdan.  Opposite  Nowshei’a  is  a  low  range,  over  which 
the  road  is  carried.  To  the  right  the  range  sinks  down  and  is  covered  over  by 
alluvium.  Resting  on  this  alluvium,  Avere  a  good  many  large  limestone  blocks, 
which  seemed  to  have  travelled  from  the  neighbouiung  range,  rafted  as  I  imagine 
by  ice.  A  little  west  of  the  road,  on  the  slopes  of  the  range,  I  noticed  a  large 
block  of  limestone  “  perched  ”  on  three  smaller  blocks  on  the  alluvium.  These 
blocks  had  none  of  the  appearance  of  being  artificially  arranged,  and  if  not, 
this  must  be  considered  a  truly  ‘perched  ’  block.  Kone  of  these  blocks  exceed 
6  or  8  feet  in  diameter,  and  they  are  aU  derived  from  the  ridge  to  the  west  of 
the  road.  I  noticed  no  erratics  along  the  line  of  road  from  Attock  to  Peshawar, 
and  it  is  pretty  certain  the  Indus  ‘  erratics  ’  never  invaded  the  Yusuf  zai  plain. 
This  I  at  first  thought  strange,  till  I  discovered  that  at  the  period  of  their 
transport,  the  Indus  ran  (as  explained)  far  south  of  its  present  course  and 
east  of  Attock  to  Barotha,  which  may  help  to  account  for  no  erratics  being 
seen  north  of  Attock,  though  no  doubt  the  valley  of  the  Kabul  river  wiU  be 
found  to  have  its  own  proper  ‘  erratics  ’  of  the  period  when  search  is  made 
for  them. 

The  Pakli  plain,  or  valley  north  of  Mansahra,  and  the  Ughi  plain  to  the  north¬ 
west,  both  present  the  same  general  feature  ;  they  are  both  surrounded  by  hills, 
the  former  being  traversed  by  the  Siran  river,  the  latter  by  the  Ughi  river,  falling 
into  the  Indus  near  Derband.  In  the  Pakli  valley  the  alluvium  of  the  Siran  river 
is  some  300  feet  thick  or  thereabouts,  of  which  an  excellent  section  is  seen  on 
the  road  from  Mansahra  to  either  Ughi  or  Shinkiari.  No  ‘  erratics  ’  are  seen  in 
the  valley  gravels,  which  are  simply  ordinary  river  gravels  and  clays  interstra- 
tified;  but  large  boulders,  which  I  regard  as  erratics,  are  occasionally  seen, 
strewed  over  the  surface.  In  the  open  part  of  the  valley  these  blocks  are 
exceptional ;  but  a  few  miles  from  Shinkiari,  where  the  Siran  debouches  from 
the  hills,  and  all  up  the  Siran  valley,  below  and  above  Shinkiari,  erratic  blocks 
are  very  numerous  at  all  levels  resting  on  the  surface  of  the  ground. 

I  have  not  examined  the  Ughi  plain  in  detail,  but  at  the  foot  of  the  Susalgali 
pass  leading  from  Mansahra  to  Ughi,  and  a  few  miles  from  that  place,  I  noticed  a 
few  granite  blocks  resting  on  the  alluvium,  precisely  as  noticed  near  Shinkiari. 

It  is,  however,  in  the  valley  of  the  Nainsukh  or  Kanhar  river  that  the 
clearest  sections  arc  seen  demonstrating  the  relations  of  the  ‘  erratics  ’  of  the 
glacial  period  to  the  older  alluvial  deposits. 

The  Nainsukh  falls  into  the  Jhelum  opposite  Rara,  and  at  Gurhi-Habibulla 
on  the  direct  road  from  Mansahra  to  Muzafarabad,  is  a  muddy  brawling  glacier 
stream,  spanned  by  a  handsome  suspension  bridge.  In  the  bod  of  the  stream 
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are  numerous  ‘  erratics,’  and  I  determined  to  trace  them  to  their  source,  though 
I  hardly  anticii^ated  so  clear  and  decisive  a  result  as  rewarded  my  efforts. 

The  valley  of  the  Nainsukh  or  Kauhar  river,  draining  the  Kaghan  valley  on 
the  north,  is  very  narrow  wuth  a  very  great  fall,  and  hounded  on  either  side  by 
ranges  of  hills  with  peaks  from  8,000  to  15,000  feet  or  more.  On  nearing  Garhi 
Habihulla  from  Mansahi-a  enormous  ‘  fans’  are  seen  descending  from  the  range 
across  the  river  (to  the  east)  to  the  stream.  On  the  west  hank,  however,  the 
road  from  Garhi  to  Kaghan  lies  along  the  bed  of  the  stream,  and  is  skirted 
in  many  places  for  miles  by  a  steep  cliff  of  old  river  gravels,  through  which  the 
brawling  river  has  cut  its  present  bed.  This  cliff  varies  from  80  to  100  feet 
or  more  in  height,  and  the  thickness  of  the  gravels,  or  old  alluvial  deposits,  of  the 
Kanhar  river  may  be  160  or  200  feet  or  more,  which  is  neither  easy  on  a 

curaory  visit,  nor  material  to  determine.  In  this  cliff  every  pebble  is  clearly 

exposed,  and  the  striking  fact  was  soon  established  beyond  all  question,  that  no 
‘  erratics’  e.xisted  in  this  dcpo.sit  from  top  to  bottom.  Yet,  they  were  plentiful 
enough  in  the  bed  of  the  stream,  from  15  to  60  feet  or  more  in  girth. 

Whore,  then,  did  they  come  from  ? 

About  Garhi,  the  gravel  of  this  old  alluvium  is  not  very  coarse,  that  is,  it  is 
a  gravel  in  which  boulders  of  one  foot  in  diameter  are  rare  and  conspicuous  for 
their  size,  conti-asted  with  the  bulk  of  the  materials  around  them.  Ascending 
the  stream,  however,  the  deposit  increases  in  coarseness  gradually,  till  near 
Byssia,  boulders  of  from  1  to  10  feet  in  diameter  have  become  pretty 

numerous,  but  no  erratics  or  boulders  of  a  larger  size.  The  section  of  the 

deposit  is  clear,  and  the  fact  indisputable.  A  mile  below  Byssia,  the  road  winds 
round  an  almost  overhanging  cliff  of  these  gravels.  Here  an  occasional  boulder 
of  3  feet  in  diameter  may  be  detected,  though  such  are  rare ;  whilst  in  the 
river  bed  beneath  huge  ‘  erratics  ’  are  plentiful,  and  a  little  way  higher  uj) 
numbers  occur,  two  of  which  were  over  70  feet  in  girth.  The  largest  ‘  erratics  ’ 
in  the  river  bed  are  of  the  usual  Hazara  gneiss  ;  whereas  gneiss  is  not  prominent 
in  the  terrace  gravels,  and  only  in  small  boulders,  the  larger  blocks  in  these  bods 
consisting  of  limestone,  hard  schists,  or  trap  rocks.  It,  therefore,  became  perfectly 
clear,  even  before  reaching  Byssia,  that  no  erratics  W'ere  being  brought  down 
by  any  agency  during  the  period  these  old  gi-avels  were  being  laid  down. 

This  deduction,  which  is  beyond  challenge,  is  the  key  to  the  glacial  pheno¬ 
mena  of  the  ontu’O  sub-Himalayan  region. 

Byssia  is  built  on  a  low  terrace  of  coarse  gravel,  as  described  above  ;  but  it  is 
not  more  than  a  third  as  high  as  the  terrace  near  Garhi.  On  the  opposite  bank 
of  the  river,  however,  a  part  of  the  old  alluvial  terrace  is  scon  of  the  usual 
height,  so  it  is  clear  that  some  agenoy  has  operated  to  reduce  the  height  of  that 
portion  on  which  Byssia  stands.  Close  to  the  village  some  scattered  erratics 
are  seen,  and  at  the  village  graves,  a  lino  of  erratics  commences  and  extends 
thence  right  up  the  valley.  The  annexed  sketch  (see  map)  will  illustrate  the 
general  feature  of  the  ground.  The  emxtic  blocks  are  of  the  ordinary  character 
of  the  Hazara  gneiss  erratics  ;  and  it  would  seem  to  bo  the  continuation  of  this 
line,  enguljxhed  in  the  river,  which  I  noticed  above  as  yielding  blocks  70  feet 
in  girth. 
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The  origin  of  this  stream  of  ‘  erratics  ’  is  not  far  to  seek.  Ascending  the 
valley  above  Byssia,  the  village  of  Shahwal  is  soon  reached,  standing  on  the 
further  bank  of  a  small  stream.  Down  this  stream  has  descended  what  those  who 
please  may  call  a  ‘  fan,’  but  Avhat  I  tei’m  a  ‘  moraine,’  disintegrated  perhaps  by 
subsequent  stream  action,  but  whicli  consists  of  an  enormous  stream  of  granite 
blocks  from  the  range  behind,  up,  say,  to  40  feet  or  moi’e  in  girth.  This  stream 
unites  with  a  similar  one  which  has  descended  the  main  valley,  and  is  just  an 
old  lateral  moraine.  A  little  way  below  this  a  small  streamlet  of  blocks  has 
forced  its  way  down  a  narrow  valley, — I  may  almost  say  cascaded  down  it,  — and 
joining  the  lai’ger  latei'al  moraine  of  Shahwal  has  helped  to  swell  the  stream  of 
blocks  all  tending  towards  Byssia.  The  little  valley  alluded  to  is  barely  60  yards 
broad  with  steep  V  sides,  and  yet  several  of  the  blocks  piled  all  on  top  of  each 
other  arc  from  40  to  70  feet  in  girth  and  completely  jam  the  gorge.  The  fall  of 
this  gorge  is  steep,  and  I  doubt  if  it  ever  contains  a  couple  of  feet  of  w.ater,  and 
that  must  bo  often  broken  up  into  foam,  cascading  over  these  rocky  masses, 
the  arrangement  of  which  is  shown  in  the  outline  section,  fig.  2  (sec  maj)) . 

In  biinging  forward  this  section,  however,  I  claim  to  be  understood  intelli¬ 
gently,  and  not  to  be  confronted  by  inapplicable  syllogisms  of  the  well-known  V 
order  of  argument  of  the  antiglaeialists.  Whoever,  indeed,  looks  hero  for  ice 
marks  on  the  rocks  will  bo  disappointed  ;  nor  can  the  obvious  history  of  the  gorge 
lead  to  any  other  anticipation.  The  gorge  originally  gave  passage  to  a  small 
glacier,  as  no  other  means  I  consider  adequate  to  the  transport  of  the  rocky  masses 
found  in  it.  The  base  of  the  glacier  no  doubt  was  of  the  usual  shape,  and  at  a 
much  higher  level  than  the  present  bod  of  the  V-shaped  gorge.  On  the  dis¬ 
appearance  of  the  glacier,  stream  action  commenced,  and,  aided  by  the  scmir  of 
the  sharp  granite  detritus,  soon  effaced  the  old  valley  and  cut  down  the  jmosent 
V-shaped  channel  into  which,  pari  i^assu,  the  ‘erratic’  blocks  sub.sided.  To 
imagine  that  such  a  piddling  stream  as  could  ever  have  foi^nd  its  way  down  here, 
brought  down  these  huge  blocks,  is  simply  absurd.  The  ai’gument  might  be 
adduced  for  the  large  stream  under  Shahwal,  but  not  here. 

The  constitution,  however,  of  the  old  river  gravels  disproves  the  idea  that 
stream  action  which  produced  them  had  any  influence  in  bringing  down  the 
‘erratics.’  The  material  of  which  the  ‘  erratics ’  consist,  existed  then,  as  now, 
close  at  hand  in  the  adjoining  ranges,  but  the  power  to  move  them  was  wanting, 
till  the  supervention  of  glacial  conditions  during  a  later  period.  It  w^ould  be 
mere  repetition  to  describe  similar  cases  all  up  the  valley,  the  ‘  erratics  ’  every¬ 
where  reposing  on  the  river  gravels  and  being  obviously  roferrible  to  subsequent 
ice  action  and  not  to  river  transpoi’t. 

The  consideration  of  the  above  facts  affords  a  key,  in  my  opinion,  for  recon¬ 
ciling  the  opposing  views  held,  regarding  the  share  played  by  ice  in  the  formation 
of  these  recent  deposits.  The  presence  of  huge  ‘erratics’  strewn  over  the  outer 
hills  is  appealed  to  by  men  like  myself,  supporters  of  glacial  view's,  as  a  proof  of 
the  reality  of  such  agency,  and  is  opposed  by  other  observers  on  the  gi-ound  that 
such  blocks  are  embedded  in  depo.sits  of  palpably  fluviatile  origin,  but  till  now 
it  has  never  been  shown  that  both  advocates  are  in  a  measure  right,  though  in 
reality  the  erratic  blocks  merely  rest  on  and  are  not  really  embedded,  save 
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superficially,  in  the  river  deposits.  To  quote  an  example :  Near  Riasi,  on  the 
Chinah,  an  enormous  limestone  ‘  erratic  ’  was  pointed  out  by  me  to  my  colleagues, 
Messrs.  Medlicott  and  Lydekker,  in  proof  of  glacial  conditions  having  necessarily 
been  involved  in  its  transpoi't,  but  as  it  rested  on  a  thick  deposit  of  river  gravels, 
my  argument  was  held  to  be  discredited.  In  these  cases,  as  in  all  others  that  I 
have  seen,  this  ‘  erratic  ’  block  rested  on  the  river  deposits,  but  the  true  signi¬ 
ficance  of  this  fact  was  not  then  fully  comprehended  by  any  of  ns,  and  was  looked 
on  as  fortuitous,  in  place  of  being  the  normal  position  of  these  blocks  with  refer¬ 
ence  to  the  old  river  gravels. 

Considering  then,  as  I  do,  that  the  distinct  relation  of  a  newer  glacial 
deposit,  consisting  mainly  of  ‘  erratic '  blocks,  to  an  older]  fluviatile  deposit,  as 
established  beyond  controversy  by  the  sections  seen  in  the  Kanhar  river,  and 
the  consequent  extension  of  an  isothermal  line  compatible  with  the  existence  of 
glaciers,  to  so  low  a  level  as  between  2,000  and  3,000  feet  in  the  Northern  Punjab, 
I  would  here  add  a  few  words  on  the  various  objections  which  have  been  adduced 
against  the  possibility  of  such  a  condition  of  things  elsewhere. 

In  my  paper  on  the  ancient  glaciers  of  the  Kangra  district  (Records  VII, 
p.  86),  I  endeavoured  to  show  that  the  ‘erratics’  originally  described  by 
Mr.  Medlicott  as  ‘glacial  debris  of  the  Dhauladhar’  (Memoirs,  III,  Part  2, 
p.  155)  were  really  due  to  moraine  transport ;  but  I  did  not  then  comprehend 
the  true  key  of  their  seeming  anomalous  relation  to  fluviatile  deposits  wherever 
they  are  seen  to  rest.  I  did  not  then  apprehend  that  they  only  rested  on  such 
deposits  and  were  not  enveloped  in  them.  But  I  did  comy)reJiend  and  claim 
to  have  distinctly  asserted  that  they  were  of  moraine  origin,  and,  what  is  more, 
that  there  should  he  no  possible  misapprehension  (though  in  this  I  was  vastly 
mistaken),  I  divided  the  area  into  three  vertical  zones  or  areas,  naming  each 
respectively  pre-glacial,  glacial,  and  post-glacial.  I  quote  my  own  words  (1.  c. 
p.  93).  “  The  Kangra  district  may  be  ideally  divided  into  three  vei’tical  areas 

or  zones  : 

Firstly,  a  pre-glacial  area  embracing  the  whole  country,  which  contributed 
from  peak  to  plain  to  the  genesis,  and  development  of  the  glaciers  under  con¬ 
sideration  ;  speaking  roundly  and  without  any  measured  data  to  check  the 
estimate,  the  above  zone  or  area  embraces  all  ground  higher  than  from  250 
to  300  feet  above  the  mean  level  of  the  present  streams. 

Secondly,  a  glacial  area  proper,  embracing  the  entire  area  either  occupied  or 
excavated  by  the  glaciers,  which  may  be  approximately  fixed  as  commencing 
at  the  bottom  of  the  above  division  and  terminating  below,  at  a  level  of  about 
150  feet  more  or  loss  above  the  mean  level  of  the  present  streams. 

Thirdly,  a  post-glacial  area,  embracing  the  whole  of  the  ground  below  the 
basal  limit  of  the  last  division  and  the  result  of  aerial  denudation  subsequent 
to  the  cessation  of  glacial  conditions.” 

The  precise  figures  used  are,  of  course,  open  to  correction,  but  no  possible 
exegesis  can  render  the  above  words  clearer  than  they  are,  as  they  stand,  and  yet 
Mr.  J.  R.  Campbell,  P.G.S.,  with  my  paper  in  his  hand,  actually  potters  about, 
looking  for  glacial  markings  within  my  post-glacial  area,  and  finding  none, 
pronounced  my  theory  discredited  (see  Journal,  Asiatic  Society  of  Bengal, 
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Vol.  XL VI,  Part  11,  lb77,  Campbell  on  Himalayan  glaciation).  I  shall  not 
discuss  Mr.  Campbell’s  brochure  at  length,  simply  because  a  man  who  professes 
to  refute  the  views  of  another,  which  his  every  word  proves  him  not  to  have 
comprehended,  cannot  be  profitably  argued  with,  but  some  [of  Mr.  Campbell’s 
arguments,  being  of  a  general  nature  and  the  joint  proj-icrty  and  stock-in-trade 
of  all  anti-glacial  geologists,  may  bo  bore  noticed.  It  may  be  hero  mentioned 
that  as  ilr.  Campbell  Las  not  realised  the  conditions  which  1  believe  really  ob¬ 
tained,  many  of  the  arguments  adduced  ai’e  really  and  truly  beside  the  question ; 
but  “  n’importe.”' 

Arguments  why  glaciers  never  descended,  as  ascribed  by  me,  to  within  2,000 


or  3,000  feet  of  the  sea  in  Northern  India 


\ 


I.  — The  course  of  these  suppositive  glaciers  lies  along  V-shaped  valleys,  which 

indicate  aqueous,  not  glacial,  erosion. 

Undoubtedly,  as  the  remarks  previously  made  show,  the  |glaciers  descended 
on  top  of  an  enormous  acamuulaiion  of  gravels  filling  up  the  old  valleys  of  a  V 
shape.  These  gravels  were  only  partly  cut  down  and  cleared  away  by  the  glaciens ; 
and  partly  to  this,  and  partly  to  the  post-glacial  action  of  streams,  the  contour  s 
of  the  ground  are  all  of  the  V  kind.  Argument  No.  I  is  consequently  worthless. 

II.  — No  glacial  markings  are  found  on  rocks  in  situ,  as  must  have  been  the 

case  had  each  river  bed  given  passage  to  a  glacier,  as  asserted. 

To  this  I  remark,  that  search  for  such  marks  seems  generally  to  have  been 
made  by  Mr.  Campbell  in  places  rvhere,  if  my  theory  is  correct,  no  glacier 
ever  descended,  that  is,  in  contact  with  the  jrresent  rock  surface;  and  that  the 
ordinary  roads  leading  up  our  largo  river  valleys  lie,  a.s  a  matter  of  fact,  below 
the  level,  where  ice  action  -would  have  left  its  mark.  Then,  again,  so  much  of  the 
ground  in  question  is  made  up  of  rock  unfitted  for,  or  incapable  of,  retaining 
‘  ice  markings  and  wdien  the  rock  is  fitted,  it  forms  crags  above  the  paths  now 
used,  accessible  to  few  living  things,  save  the  wild  goat  and  his  natural  enemy, 
the  human  hunter.  This  argument  is  therefore  no  better  than  the  last. 

III.  — Absence  of  striated  blocks  within  the  area  asserted  to  have  ^been 

traversed  by  glaciers. 

To  this  I  reply  that  the  rock  which  has  furnished  the  largest  and  most 
numerous  ‘  erratics  ’  (gi’anitoid  gneiss)  is  wholly  unfitted  for  the  retention  of  any 


'  Mr.  Campbell’s  observation  was  very  far  from  being  so  preposterous  as  Mr.  Theob.ild  would 
make  out.  Notwithstanding  the  definitions  quoted  above — a  general  meaning  for  which  (and  it 
would  be  ridiculous  to  attach  a  rigorous  meaning  to  such  definitions,  where  the  conditious  neces¬ 
sarily  admit  of  exceptions)  was  sufficiently  obvious,  in  the  prevailing  erosion  of  the  river  gorges 
below  the  level  of  the  old  gravels — it  was  a  perfectly  fair,  or  even  inevitable,  inference  that  any 
rock-surface  supporting  the  old  gravels  was  one  on  which,  according  to  Mr.  Theobald,  a  gUcier 
had  travelled.  Mr.  Campbell  found  such  a  surface  freshly  exposed,  but  without  any  trace  of  the 
markings  required  by  such  conditions.  There  might  remain  a  dispute  about  the  identity  of  tba 
gravels  at  that  spot,  but  this  would  altogether  change  the  venue  of  the  case.  It  would  seem  that 
Mr.  Theobald  did  not  at  the  time  comjireheud  his  own  brochure  otherwise  than  Mr.  Campbell  j 
for  in  a  subsequent  notice  (llecoi-ds  X,  p.  140)  of  the  opinion  that  bad  been  passed  upon  the 
supposed  glaciers  of  the  Kangra  valley,  he  makes  no  allusion  to  the  rejoinder  wliich  be  now 
(as  suggested  by  his  recent  observations)  urges  with  such  ultra  ferocious  vigoiir — a  Iriumphant 
style  which  by  no  means  helps  to  impart  the  conviction  it  ostensibly  implies. — H.  B.  M. 
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sncli  marks  ;  and  also  that  the  deposits,  •whereon  ttese  erratics  rest,  being  of  flnvia- 
tilc  origin,  have  naturally  been  searched  in  vain  for  such  evidence  ;  and  lastly 
(whatever  may  be  the  reason  therefor),  in  India,  scratched  blocks  are  so  rare 
as  almost  to  bo  exceptional  in  the  vicinity  of  existing  glaciers.  The  absence  or 
rarity  of  ‘  scratched  blocks  ’  at  lo-w  levels  is  merely,  therefore,  a  negative  argument, 
which,  if  of  any  foi’ce,  might  bo  used  to  dis2n’ove  the  existence  of  glaciers,  where 
they  arc  now  actually  to  be  met  with.  Argument  No.  Ill  therefore  is  as  little 
cogent  a,s  its  predecessors. 

IV.. — Water  power  is  sirfficicnt  to  account  for  the  transport  of  the  blocks 
termed  by  mo  ‘  erratics  ’  and  referred  by  me  to  either  floating  icc 
or  ‘  moraines.’ 

This  is  an  argument  which  anti-glacialists  never  weary  of  in’oducing,  in  season 
and  out  of  season,  and  requires  therefore  some  consideration.  A.s  the  Kangra 
‘  erratics  ’  range  up  to  1.50  feet  in  girth,  and  many  of  them  of  very  large  size  stand 
well  out  in  the  islains,  away  fi’om  the  hills  and  in  cultivated  ground,  I  have 
no  belief  in  such  a  vehicle  for  such  blocks.  How  the  case  might  be  in  a  river 
bed  is  another  matter;  but  standing,  as  many  of  these  erratics  do,  in  open  ground, 
the  idea  is  not  tenable  for  an  instant.' 

Mr.  Campbell  remarks  ;  “I  am  quite  certain  that  the  Kangra  erratics  arc 
large  ‘  pebbles  ’  washed  out  of  the  ‘  cads  '•  by  heavy  floods.”  Now,  if  these  erratics 
were  met  with  only  in  the  ‘  cads  ’  (khuds)  or  more  numerously  in  the  khuds, 
than  out  of  them,  Mr.  Campbell’s  argument  would  have  a  colourable  basis  ;  but 
the  reverse  is  the  case,  and  the  largest  blocks  are  found  in  s]Dots  whore  it  is  im- 
pos.siblo  they  could  have  been  washed  into  out  of  any  possible  khud. 

To  descend,  however,  fr-om  the  general  to  the  piarticnlar.  Let  us  examine  the 
case  of  how  Indian  rivers  do  deal  with  masses,  such  as  Kangra  ‘  erratics.’ 

In  my  Kiingra  paper  I  say :  “  At  Sujanpur,  the  moraine  of  the  Sujanpur 
glacier  is  seen  pushed  right  across  the  present  channel  of  the  Boas,  at  a  nmch  higher 
level  than  that  of  the  jrresent  stream,  which  has  made  a  clean  and  deep  cut  through 
it ;  yet,  though  the  ‘  erratic  ’  blocks  scattered  round  the  travellers’  bungalow  at 
Sujanpur  and  all  over  the  truncated  end  of  the  moraine  on  the  ojrposito  side  of 
the  river  are  of  a  largo  size,  not  a  trace  of  one  can  be  seen  in  the  river  bed 
beneath.” 

This  disa2)pearance  of  the  ‘  erratics  ’  in  the  bed  of  the  stream  may  be  accounted 
for  in  three  ways.  There  is,  first,  the  ‘  rush  of  water  ’  theory  of  the  anti-glacialists, 
and,  doubtless,  if  a  piiddling  stream  could  have  brought  these  blocks  as  far  as 
the  banks  of  the  Boas,  the  bigger  river  could  have  easily  moved  them  on  ;  in  which 
case  we  should  expect  to  find  them  congregated  in  a  lump  or  liar,  at  the  first 
spot  where  the  reduced  velocity  of  the  river  outside  the  hills  deprived  it  of  the 

'  The  fallacy  of  assuming  tliat  the  surface  on  which  these  blocks  now  lie  is  that  on  which 
they  were  deposited,  has  been  already  indicated  (Jour.  As.  Soc.,  Bengal,  XLVI,  Pt.  II,  p.  13). — 
h.  'b.  M. 

"  1  am  indebted  to  Mr.  Mcdlicott  for  kindly  pointing  out  to  me  that  the  word  ‘  cad  ’  wliich 
I  had  (in  my  ignorance)  suiJj)Osed  to  bo  a  local  term,  cuiTcnt  in  the  Iligldands  of  Scotland,  and 
puiv  Gaelic  for  gi'avcis,  was  merely  ii  novel  mode  of  spelling  the  common  Indian  word  ‘  khud  ’  =  a 
steep  valley. 
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necessary  power  req^nired  to  carry  the  block  onwards  ;  but  no  such  accumulation 
is  seen,  and  hence  it  is  very  doubtful  if  the  river  ever  acted  in  this  manner. 
Secondly,  the  blocks,  after  being  engulphed  in  the  main  channel,  may  be  supposed 
to  have  been  destroyed  by  wear  and  tear  and  the  impact  of  rolling  masses  during 
floods.  Such  a  process,  no  doubt,  disposes  of  a  vast  bulk  of  materials  in  every 
stream ;  but  it  is  a  process  probably  more  active  in  mountain  torrents  with  a 
steeper  fall,  but  loss  actual  body  of  water  than  the  Beas.  Thirdly,  there  is  the 
scouring  action,  which  dui-ing  floods  undermines  big  obstacles  to  the  current,  and 
eventually  entombs  them  in  the  grave  thus  produced,  levelling  the  gravel  flush 
over  the  spot  where  they  have  disappeared  ;  and  this  I  believe  to  bo  the  case 
in  the  Beas,  and  the  true  explanation  of  the  paucity  of  ‘  erratics  ’  in  its  channel. 

To  consider  now  the  case  of  a  river  wlioso  velocity  lai’gely  exceeds  that  of 
the  Beas  at  Sujanpur.  The  Jholnm  below  Uri  fulfils  this  condition,  as  the 
stream  is  there  in  many  spots  a  ‘race,’  and  the  bed  of  the  river  is  full,  moreover, 
of  those  very  erratics,  derived  from  the  lofty  peaks  of  the  Kaj  IsTag  adjoining. 
What  w'ator  can  do  in  a  stream  bed  with  such  ‘  erratics  ’  wc  hero  see.  The  effect 
of  the  rapid  stream  is  to  clear  away  all  gravel  and  smaller  boulders,  leaving  the 
larger  masses  packed  against  each  other,  with  great  cavernous  interspaces  between. 
Over  these  masses  of  rock,  the  waters  cascade  in  sheets  of  foam,  or  force  their 
way  in  hissing  jets  between  or  beneath  them;  but  the  rocky  masses  themselves 
are  immovcably  packed  by  the  very  force  and  agency  of  that  clement  which 
some  would  regard  as  capable  under  such  circumstances  of  sweeping  them  away. 
Not  a  bit  of  it — occasionally  [a  blasted  pine,  whirling  down  stream,  gets  swept 
between  the  blocks,  and  by  its  leverage  wrenches  them  apart ;  but  this  is  a  pass¬ 
ing  incident,  and  its  effect,  so  far  as  any  onward  and  progressive  movement  of  the 
blocks  is  concerned,  is  inappreciable. 

These  two  instances  of  the  Beas  and  Jhelum  illustrate'  the  power  possessed 
by  water  under  the  ordinary  operations  of  nature  to  move  masses  like  the  sub- 
Himalayan  erratics  ;  but  the  necessity  of  weighing  the  argument  is  almost  dis¬ 
pensed  with  from  the  now  established  fact  (pre.suming  the  Kangra  and  Hazara 
deposits  to  be  homologous)  that  the  erratics  do  not  occur  embedded  in  the  old 
river  gravels,  but  simply  resting  on  them. 

How,  too,  I  ask,  on  the  su2;)position  advocated  by  Mr.  Campbell,  that  the 
‘  erratics,'  as  I  consider  them,  are  merely  masses  transported  down  a  ‘  fan  ’  by 
stream  action — how,  I  ask,  comes  it,  that  they  have  crossed  over  the  Beas  from 
north  to  south,  as  shown  iii  my  maj)  above  Sujanpur.  It  is  impossible  that  the 
materials  swep)t  into  a  i-iver  down  a  ‘  fan  ’  should  cross  its  channel  and  be  found 
on  the  oi)2)osito  bank.  With  the  old  glaciers  the  case  was  different.  They  coin¬ 
cided  generally  only  with  the  present  valley.s,  but  not  with  the  existing  river  bed.s  . 
and  hence,  as  in  the  case  of  the  ‘  erratics  ’  on  the  south  bank  of  the  Beas  at 
Sujanpur,  their  moraines  were  breached  by  the  rivers  which  succeeded  them.  The 
same  argument  and  the  same  latitude  ■will  not  apply  to  any  supposed  rivers,  as 
agents  in  producing  this  arrangement  of  ‘  cri’atics  as,  sujqiosing  the  Beas  (as  is 
a  simple  sup^io-sition,  cpiito  jioasible)  to  liaA^o  formerly  held  the  more  southern 
course,  which  I  suppiose  the  glacier  here  did,  and  to  have  run  south  of  whore  the 
‘  erratics  ’  in  question  noAV  occur,  yet  it  is  impossible  to  suppose  that  the  river 
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can  have  cut  its  way  back  north  into  its  present  course  without  removing, 
in  so  doing,  the  ‘  erratics  ’  which  stand  in  a  jiosition  which  would,  under  such 
circumstances,  have  been  its  channel  for  a  certain  period.  The  contour  of  the 
ground,  too,  is  opposed  to  the  idea  of  the  river  having  ever  flowed,  at  the  spot, 
more  to  the  south,  so  that  the  ‘  fan  ’  theory  of  ‘  erratic  ’  transpoi’t  wholly  breaks 
down. 

The  following  notes,  penned  so  far  hack  as  1871,  may  be  here  quoted,  as 
the  views  then  advocated  are  strongly  corroborated  by  the  foregoing  results 
of  last  season. 

“  The  interest  which  attaches  to  any  well-defined  traces  of  former  glacial 
conditions,  away  from  the  immediate  vicinity  of  the  main  Himalayan  ranges, 
induces  me  to  bring  forwai'd  such  an  instance  (as  I  believe  it  to  be)  on  the  flank 
of  Jogi  Tillah,  the  well-known  hill  near  Jholum,  and  which  must,  if  substantiated, 
offer  considerable  support  to  the  view  of  a  former  more  extensive  glaciation  in 
India  than  is  generally  supposed,  and  not  dependent  on  any  present  local  fea¬ 
tures,  orographical  or  hypsometrical. 

“  J ogi  Tillah,  which  rises  somewhat  abruptly  from  the  plains,  is  situated  16 
miles  west-south-west  from  Jhelum,  and  may  bo  regarded  as  the  most  easterly 
termination  of  the  Salt-range,  though  severed  from  it  by  some  complicated 
faulting  and  the  channel  of  the  Biinhar  river.  The  mountain  itself  is  a  wedge 
of  rock  forming  an  epitome  of  the  Salt- range  strata,  and  displaying  at  base  the 
devonian  salt  marl  on  the  one  hand,  whilst  on  its  opposite  slope  a  thin  belt 
of  nummulitic  limestone  dips  at  a  steep  angle  beneath  the  extended  newer 
tertiaries  which  form  the  great  Potowar  plateau.  As  the  dip  of  the  beds  is 
to  the  north-west,  the  scarp  of  the  hill  faces  the  south-east,  and  below  the 
scarp,  the  hill  side  falls  raj)idly  away  over  a  talus  of  fragmentary  blocks 
deeply  excavated  by  ravines  which  furrow  the  newer  tertiary  bods  at  its  base. 
Viewed  from  a  distance,  the  profile  of  the  outer  hills  immediately  beyond  the 
scarp  of  the  mountain  is  peculiar,  the  outline  being  that  of  a  long,  flat  hill,  with 
a  slope  outward  of  loss  than  10,°  though  what  is  seen  is  really  tbe  profile  of 
one  of  many  long  ridges,  separated  by  narrow  valleys,  deeply  excavated  in  the 
soft  tertiary  sands  and  clays.  So  far  there  is  nothing  peculiar,  nor  are  any 
(at  least  prominent)  traces  of  glacial  action  met  with  either  to  the  east  or  west 
of  the  hill,  or  over  the  flat  Potowar  plateau  stretching  away  for  miles  to  the 
north  of  it.  For  a  narrow  space,  however,  of  about  3  miles  west  of  Hiin, 
over  a  belt  of  ground  corresponding  with  the  loftiest  point  of  the  mountain, 
the  whole  surface  is  more  or  less  thickly  covered  with  blocks,  irregular  and 
sub-angular,  of  the  rocks  forming  the  mass  of  the  hill  and  presenting  all  the 
appearance  of  having  formed  part  of  an  enormous  moraine,  or  group  of 
moraines,  which  swept  down  with  a  grand  curve  a  little  west  of  Hamula,  and 
thence  on  to  witliin  a  similar  distance  of  Hiin,  both  villages  standing  just  out¬ 
side  of  the  groat  sti’eam  of  fragments.  On  the  top  of  the  ridges,  now  some 
200  feet  or  more  above  the  present  streams,  these  fragments  are  thickly  packed, 
but  they  are  also  seen  strewed  over  the  sides  of  the  hill  and  choking  up  the 
beds  of  the  streams.  The  general  relations  and  arrangement  of  these  blocks  are 
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nowhere  better  seen  than  on  the  road  from  Hun  to  Hamula,  and  just  where 
the  road  reaches  the  small  stream  Avest  of  the  latter  village,  the  whole  coun¬ 
try  betrays  signs  of  being  littered  OA^er  with  moraine  debi’is,  though  all,  if  I  mis¬ 
take  not,  subsided  through  their  graAuty  and  the  gradually  washing  away  of  the 
soft  tertiary  bods  Avhereon  they  once  rested,  and  not  actually  in  situ.  This  is 
clearly  seen  by  ti’acing  the  blocks  up  the  steep  slope  of  the  hill  to  their 
undisturbed  place  at  the  top,  the  top  being  the  long  sloping  ridge,  seen  in  all 
distant  views  of  the  ground  as  gradually  sloping  from  the  base  of  the  scarped 
side  of  the  mountain. 

“  On  the  top,  then,  only,  of  these  ridges  (no  doubt  once  an  extended  and  con¬ 
tinuous  plateau)  the  undisturbed  moraine  materials  are  seen,  but  beyond,  on  the 
lower  ground,  and  on  the  sides  of  the  hills,  the  materials  are  distributed, 
under  the  influence  of  ordinary  denudation  and  gravity . 

“  The  blocks  which  foi’m  this  great  flood  of  stones  are  irregular  in  shape  and 
sub-angular,  of  no  very  great  size,  2  feet  in  diameter,  perhaps  being  a  fair  mean, 
though  some  larger  ones  are  interspersed  here  and  there.  The  largest  remarked 
by  me  was  barely  8  feet  in  length,  and  was  split  into  three  pieces,  where  it  lay, 
most  probably,  by  the  action  of  frost,  to  which  may  be  attributed  the  absence 
of  any  large  fragments.  The  majority  of  blocks  consisted  of  the  magnesian 
limestone,  or  some  of  the  sandstones  found  in  the  hill ;  but  the  red  sandstone, 
overlying  the  salt  marl,  though  not  absent,  was  scarce,  and  the  few  specimens 
seen  were  much  decayed  from  the  joint  action  of  saline  infiltration  and  the 
consequent  disintegration  of  the  stone  through  the  action  of  moisture  and  frost. 

“  That  these  stones  all  descended  from  the  scarp  of  Jogi  Tillah  is  clear,  but 
how  is  the  question.  The  ground  covered  by  these  blocks  m.ay  be  roughly  taken 
as  some  3  miles  in  breadth  opposite  the  highest  peaks  of  Jogi  Tillah,  Avhilst  the 
flood  of  stones  extends  over  3  miles  or  more  from  the  highest  peaks.  Now  the 
horizontal  catchment  area  opposite  the  highest  scarp  is  not  appreciably  greater 
than  on  an  equal  breadth  opposite  the  less  elevated  pm-tions  of  the  mountain, 
so  that  had  mere  streams  been  the  motive  power,  we  should  have  to  account  for 
a  local  debacle  of  atones  for  which  no  adequate  explanation  through  local 
stream  action  was  available ;  whei’eas  in  the  case  of  a  glacier,  it  is  clear  that 
the  magnitude  of  the  associated  moraine  would  bear  a  more  or  less  close  ratio 
to  the  altitude  of  the  rooky  face  from  which  the  glacier  originated,  just  such 
a  relation,  in  fact,  as  these  scattered  masses  display  with  relation  to  the  highest 
point  of  the  mountain. 

“  Three  miles  may  seem  a  distance  not  too  great  for  these  blocks  to  have 
travelled  during  the  countless  centuries  during  which  the  streams  have  been 
loAvering  their  channels  from  the  old  high  level  at  which  they  once  ran— the 
oid  glacier  level  in  fact ;  but  such  a  supposition  leaA^es  out  of  sight  two  points  : 
first,  that  though  such  small  streams  as  descend  from  Jogi  Tillah  are  capable  of 
a  very  powerful  erosive  action  on  the  soft  beds  through  Avhich  they  run,  their 
direct  transporting  poAver  forwards  ns  regards  largo  subangular  masses  of  stone 
is  almost  nil;  and,  secondly,  that  the  great  bulk  of  debris,  Avhich  I  term  a 
‘  moraine,’  is  certainly  transported,  and  that  a  clear  distinction  can  be  observed 
between  the  high  level  bulk  of  the  deposit,  which  may  bo  regarded  as  the  material 
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as  loft,  in  situ,  by  tbe  cessation  of  the  transporting  cause,  and  the  subsidiary 
effect  of  stream  cutting  which  has  since  been  going  on,  allowing  the  lapse  from 
the  higher  level  of  the  “  moraine”  matters  by  simple  gravity  into  the  newer  and 
over-deepening  channels.  There  is  thus  a  “  consensus  ”  of  arguments  all  tending 
to  support  a  glacial  origin  for  the  blocks  in  question. 

“  There  is  the  general  appearance  so  suggestive  of  a  moraine  in  the  arrange¬ 
ment  of  the  coai’se  materials,  and  the  mai’ked  and  definite  sweep  they  assume 
west  of  Hiin  and  Hamula.  Then  there  is  the  marked  relation  of  this  band  of 
debris  to  the  highest  part  of  the  hill,  which  might  of  course  call  for  no  remark  if 
it  was  confined  to  a  more  talus  along  the  base  of  the  mountain,  but  is  vciy 
significant  when  it  is  found  stretching  outward  at  a  high  level  in  a  manner 
hardly  compatible  with  mere  fluvial  agency,  and  there  is  the  difficulty  of  admit¬ 
ting  the  power  of  streams  to  produce  such  a  result  under  the  peculiar  physical 
and  surface  conditions  of  the  neighbourhood.  Finally,  it  can  hardly  be  ques¬ 
tioned  that  Jogi  Tillah  lies  well  within  the  isothermal  limits  of  former  glacier 
extension,  since  I  have  shown  that  at  the  period  in  question  that  line  embraced 
the  southern  flanks  of  the  outer  hills  down  to  the  plains  west  of  the  Jumna.” 

The  above  extract  from  my  notes  is  given  -vvith  trivial  verbal  alterations, 
precisely  as  it  was  written  in  1871 ;  indeed  there  is  no  call  for  any  alteration. 
Eoth  Mr.  Medlicott  and  Mr.  Lydekkor  accompanied  mo  over  the  ground,  and 
they  were  much  struck  with  the  appearances  which  I  refer  to  glacial  conditions, 
though  I  believe  their  verdict  at  the  time  was  one  of  ‘not  proven.’  It  was 
then  certainly  more  bold  to  adduce  such  a  cause  than  it  would  be  now,  after 
so  convincing  a  demonstration  of  glacial  agency  at  low  levels  has  been  made 
out;  but  I  had  previously  discovered  symptoms  of  glacial  influences  to  the 
east,  which,  if  not  conclusive  jJcr  se,  had  their  proper  weight  in  determining 
my  own  conclusions.  I  will  mention  a  few — ^not  that  I  insist  in  every  instance 
that  they  are  absolutely  indications  of  glacial  agency,  but  that  such  agency 
seems  the  mo.st  ju'obable  explanation  thereof,  and,  with  a  view  to  direct  future 
observers  to  those  obscure  features,  that  their  true  bearing  may  bo  better  eluci¬ 
dated.  In  the  northern  part  of  the  Jhelum  district,  in  the  vicinity  of  the 
Jhelum  river,  a  noteworthy  feature  in  the  landscape  is  the  pre.sence  of  flat,  high 
level  plateaux.  These  are  but  thinly  covered  by  surface  allmdum,  and  are  not 
portions  of  old  lake  beds,  but  consist  of  sandstones  mth  various  dij)  planed  down 
flat  in  a  manner  which  makes  it  difficult  to  refer  such  to  the  result  of  wandering- 
stream  action.  These  flat  jflateaux  arc  sometimes  slightly  inclined,  and  the  most 
natural  explanation  of  this  particular  surface  configuration  is  ‘  ice  action.’  It 
is  a  feature  I  have  nowhere  seen  noticed  or  alluded  to  by  previous  un-iters,  and 
T  consider  it  one  which  merits  further  study. 

The  occurrence  in  the  valleys  of  moraine  materials,  disposed  as  I  have  de¬ 
scribed  in  the  Kunhar  valley,  I  shall  not  here  allude  to  at  length,  as  such  cases 
are  rarely  so  clear  as  seen  there,  and  I  may  have  an  opportunity  of  re-examining 
some  spots  where  such  deposits  are  in  force,  a.s  in  some  tributaries  of  the  Chinilb. 

I  will,  however,  mention  one  case  of  a  transported  block  -which  I  think  can  be 
duo  to  none  save  glacial  agency.  It  is  a  limestone  block  lying  on  the  stream, 
12  miles  south-west  from  Riasi,  on  the  Chinab,  between  the  villages  Bardol  and 
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Karkoli.  This  block  of  limcstoiio  has  been  derived  from  the  limestone  range  to 
the  north  near  Poni ;  hut  the  entire  drainage  area  within  -which  it  lies  is 
composed  of  Siwalik  sandstones,  and  it  must  have  crossed  the  present  waterslied 
before  the  excavation  of  the  existing  valley.  The  Chinfib  here  debouches  from  its 
rocky  gorge  into  the  more  open  valley  belo-w  Bidsi,  and  flows  through  a  vcT’y 
thick  coarse  boulder  dejiosit,  4  miles  broad  and  8  miles  in  length,  measured  along 
the  river,  which  deposits  tail  off,  and  rapidly  diminish  as  wo  recede  from  the 
river,  and  are  in  my  opinion  largely  composed  of  the  rc-an-anged  glacial  materials 
which  must  have  filled  the  Chinab  valley  at  no  remote  date,  and  I  refer  the  lime¬ 
stone  block  near  Bardol  to  the  same  agency  and  period  as  that  to  which  I  attri¬ 
bute  the  erratic  block  previously  mentioned  as  lying  on  the  top  of  a  thick  river 
gi-avel  near  Bidsi.  At  Bardol,  however,  the  block  in  question  has  subsided  into 
the  valley  by  the  removal,  by  denudation,  of  the  looser  materials  whereon  it  rested  ; 
whereas  near  Bidsi  the  other  block  is  still  resting  in  nearly  its  original  position, 
on  the  undisturbed  gravel  at  a  high  level  above  the  river.  No  doubt  numerous 
similar  cases  occur  ;  but  this  one  may  bo  particulai’iscd,  as  there  is  no  ambiguity 
regarding  its  position  and  relations. 
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Although  the  Arvali  region  does  not  abound  in  mineral  wealth,  still  it 
contains  several  extensive  mines  from  which,  in  bygone  times,  largo  quantities 
of  copper  and  lead  ores  have  been  extracted,  and  a  number  of  small  pits  or 
burrows  where  ores  in  small  quantities  were  found. 

None  of  these  mines  were  worked  deeper  than  a  few  feet  below  the  water 
level  on  account  of  the  difficulty  of  raising  the  water.  In  some  cases,  however, 
when  the  mine  is  situated  on  a  hill,  an  adit  level  has  boon  driven  into  the  hill 
to  drain  the  workings  and  out  the  veins  at  a  lower  level  in  hope  of  finding  richer 
deposits  ;  but  I  believe,  both  in  the  case  at  Ajmcre  and  Daribo,  these  hopes  were 
not  realised. 

All  these  mines,  with  the  exception  of  those  worked  for  iron,  arc  now  aban¬ 
doned,  and  the  workings  filled  with  water  or  fallen  together,  and  so  little  is  now 
soon  that  it  is  impossible  to  form  an  opinion  of  their  value. 

The  ore  occurs  either  in  small  discontinuous  veins  or  thinly  disseminated 
through  the  rocks.  In  no  case  is  there  anything  like  a  continuous  vein  or  lode 
exposed. 

The  following  is  a  list  of  the  minerals,  and  the  localities  where  found  : — 

Copper. 

Atlas  sheet. 
No. 

49 

50 
50 
50 


k.ingliaiia  ...  1  Sliaikliawati,  Jeypore 

Klietn  ...  ...  I 

Diiribo  ...  ...  South  of  Kho,  Ulwar 

„  in  the  ridge  la  miles  to  the  west 
Bliangarh 


Ulwar 
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Atlas  sheet 
No. 

Kushalgarh 

...  Ulwar 

...  50 

Baghaui 

...  Do. 

...  50 

Partabgarli 

...  Do, 

...  50 

West  of  Nabaro  ... 
West  of  Udliala  ... 

”  ' 1  Near  Sainthal,  Jeypore 

...  50 

Soutli-east  of  Garb 
Lalsot 

•••  j  Lalsot  hills,  Jeypore 

...  50 

Babai ... 

...  Shaikhawati,  Jeypore 

...  50 

Nithahar 

...  Bhurtpore 

...  50 

Datuiida 

Boondee  ... 

...  34S.E. 

Eewara 

...  Near  Gaiigapur,  Oodoypore  ... 

„.  34  S.W. 

Ajmere  ... 

...  Near  the  Jail  ... 

...  34  N.E. 

Tasing 

...  Mandan  hills,  Ulwar 

...  50 

Jasingpura 

Near  the  railway,  Ulwar 

...  50 

Gugra 

...  4  miles  north-north-east  of  Ajmere 

...  34  N.E. 

Eajgarh 

...  10  miles  south  of  Ajmere  ... 

...  34  N.E. 

Eajauri 

...  Near  the  above 

...  34  N.E. 

Galena. 


Taragarhhill 

Ajmere 

...  34  N.E. 

Ganespura 

...  30  miles  south  of  Ajmere 

...  34  N.E. 

Iiulawas 

[  Thana  Ghazi,  Ulwar 

... 

...  60 

Gudha  .  . 

Bhangarh 

...  ' 

Ikon. 

"  j  Ulwar 

...  Hindaun,  Joypore 

...  50 

Eajgarh 

Karwar 

...  50 

A  j  mere 

...  Near  the  Jail  ... 

...  34  N.E. 

Gangar 

...  Oodeypore  ... 

... 

...  35  S.E. 

Bhairompura 

...  Boondee 

...  34  S.E. 

Bhangarh 

Nickel  and  Cobalt. 

...  Ulwar 

...  50 

Babai 

Shaikhawati,  Jeypore 

...  50 

Jawar 

Motidongri  ridge  ... 

Zinc. 

...  Oodeypore. 

Rutile. 

...  Near  Ulwar 

...  50 

Sohna 

Plumbago. 

...  Gnrgaon 

...  49 

Sohna 

Gold. 

...  Gurgaon 

...  49 

PAST  4.J  IlacJcet :  Useful  Minerals  of  the  Arvali  Region. 

Kaolin. 


Kussumpura 

Bacliara 


Sanvar 

Rajmalial 

Meja 


Auiangpur 


Makrana 

Jheri 

Eaialo  (Raiwala)  ... 
Sarangwa  ... 


Mora,  Bliandari 


Soutli  of  Delhi  ... 
Ulwar  hills 


Garnets. 

...  20  miles  south-east  of  Nusseerabad 
...  Jejpore  ...  ...  ... 

...  Oodeypore  ...  ... 

Rock  Crystal. 

. . .  15  miles  south  of  Delhi 

Marble. 

...  Jodhpore 

...  Ulwar  ...  ...  ,,, 

...  Jeypore 

...  6  miles  west  of  Desuri,  Oodeypore 
Steatite. 

...  About  12  miles  north  of  Hindaun,  Jeypore 
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Atlas  sheet 
No. 

49 

50 


34  N.E. 
34  N.E. 
34  S.E. 


49 


33  S.E. 
50 

50 

34  S.W. 


...  34  S.W. 


The  most  extensive  of  these  mines  ai-e  those  of  Khetri  and  Singhana  in 
Shaikhawati,  Dariho  in  Ulwar,  and  the  lead  mine  at  the  base  of  the  Taragarh 
hill  near  Ajmere.  The  rest  are,  comparatively,  very  small. 

Copper. — That  the  old  workings,  both  at  Khetri  and  Singhana,  were  very 
extensive,  and  the  quantity  of  ore  raised  considerable,  is  shown  from  the  lai’ge 
and  numerous  heaps  of  slags  resulting  from  the  smelting  of  the  copper  ore.  The 
hill  on  which  the  Singhana  fort  is  built  is  formed,  in  a  gi'eatpart,  of  these  slags. 

The  abandonment  of  the  mines  is  attributed  to  the  partial  failure  of  the  ore 
in  depth  and  to  the  increased  cost  of  working,  and  as  the  Jeypore  Durbar  would 
not  reduce  the  royalties,  the  miners  abandoned  the  mines  and  left  the  country. 
At  jiresent  a  few  men  make  a  liAung  by  picking  out  some  stones  of  ore  left  in 
the  old  workings ;  and  a  number  of  people  are  engaged  in  the  manufacture  of 
Lila  (blue  vitriol),  Pitkhera  (alum),  and  Kasis  (copperas). 

The  Khetri  mines  are  situated  a  short  distance  north  of  the  fort  near  the 
crest  of  a  ridge  of  slates  about  500  feet  above  the  level  of  the  plain.  The  mine 
is  entered  by  several  shafts  of  considerable  depth,  and  which  lead  down  to  a 
gallery,  said  to  be  upwards  of  2  miles  in  length.  The  direction  of  the  level,  as 
pointed  out  to  me,  appeared  to  be  parallel  to  the  strike  of  the  slates.  The  ore 
now  brought  up  fiom  the  old  workings  is  copper  pyrites  ;  it  occurs  in  small  strings, 
and  disseminated  through  the  slates. 

The  Singhara  mine  is  about  6  miles  north  of  Khetri.  It  is  entered  by  a  wide 
gallery  driven  into  a  ridge  of  quartzite,  in  the  same  direction  as  the  strike  of 
the  rocks,  and  near  the  top  of  the  ridge  several  hundred  feet  above  the  level  of 
the  plain.  This  gallery  is,  in  places,  40  to  50  yards  wide  and  of  a  considerable 
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height.  Its  coui’se  into  the  hill  is  very  irregular;  the  descent  for  the  first  hundred 
yards  is  slight ;  beyond  this  the  gradient  becomes  steep,  not  less  than  60° ;  judging 
from  the  extent  of  the  excavation,  a  rich  pocket  of  ore  must  have  been  met 
with.  At  this  point  three  sei^arate  galleries  extend  into  the  hill  somewhat 
oblique  to  each  other. 

Beyond  the  extent  of  the  excavations  very  little  is  to  be  seen  in  these  galleries, 
as  hardly  a  spec  of  copper  has  been  left  by  the  old  miners,  and  the  ends  are 
choked  up  by  fallen  debris  or  filled  with  water. 

My  guide  through  the  mine  had  formerly  leased  it;  and  he  acknowledged  that 
the  mine  was  abandoned  from  the  failui'e  of  the  ore  in  depth.  But  it  is  possible 
that  in  continuing  the  level  southwards  other  pockets  of  ore  would  be  met  with. 
The  mine  is  in  a  line  with  the  Khetri  mine,  and  it  seems  probable  that  many 
pockets  of  ore  would  be  found  if  the  intervening  ground  were  explored. 

Some  time  since,  repoid  says  about  a  hundred  years  ago,  the  roof  of  the  gallery 
for  about  100  yards  from  the  mouth  fell  in,  and  a  vertical  face  of  the  quartzites  has 
been  left  standing  in  which  numerous  thin  strings  and  nests  of  ore  are  exposed. 

I  was  told  that  this  was  the  mode  of  occuiTence  of  the  ore  in  the  mine.  In 
the  bottom  of  the  gallery  only  a  few  traces  of  copper  are  to  be  seen,  thus  showing 
that  these  strings  or  small  veins  did  not  extend,  at  this  place,  to  any  depth 
through  the  quartzites. 

Considerable  quantities  of  blue  vitriol  (sulphate  of  copjDer),  alum,  and 
copperas  (sulphate  of  iron),  are  now  manufactured  both  at  Khetri  and  Singhana 
from  the  decomposed  slates  and  the  refuse  of  the  mines.  The  slates  are  steeped 
in  water,  which  is  afterwards  evaporated  in  large  iron  vessels,  when  the  blue 
vitriol  is  first  crystallized  out,  afterwards  the  alum  and  lastly  the  copperas. 
Mr.  Mallet  found  traces  of  nickel  and  cobalt  in  all  three  of  these  substances. 

The  blue  vitriol  is  sold  for  ...  Rs.  14  per  mauiid. 

alum  „  ...  ...  „  4 

„  copperas  „  ...  ...  Re.  1  „ 

The  Bahai  workings  are  in  a  line  with  these  two  mines  and  on  the  same  band 
of  slates,  about  8  miles  south  of  Khetri.  The  workings  consist  of  a  few  pits 
sunk  in  the  hill  side.  A  little  copper  is  found  disseminated  through  the  slates, 
but  I  believe  the  jjits  are  principally  worked  for  Saita,  or  ore  of  cobalt,  of  which 
mention  will  presently  bo  made. 

The  next  mine  of  importance  is  that  of  Daribo,  near  Kho,  in  the  Ulwar  terri¬ 
tory.  The  mine  is  situated  in  a  sharp  anticlinal  bend  in  slates  and  quartzites. 
An  adit  level  is  driven  into  the  hill  through  the  slates  in  a  southerly  direction 
parallel  to  the  sti’ike  of  the  rocks.  I  could  see  no  trace  of  a  lode  ;  the  ore  appears 
to  bo  irregularly  disseminated  through  the  black  slates,  a  few  specs  and  stains 
only  being  seen  in  the  quartzites.  Where  richer  nests  of  the  ore  were  met  with, 
the  miners  have  extended  their  workings  a  short  distance  above  and  below  the 
level.  The  miners  declare  that  a  rich  nest  of  ore  occurs  in  a  pit  sunk  below 
the  level  near  its  southern  extremity,  but  it  had  to  be  abandoned  on  account 
of  the  water. 
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The  present  drift  was,  I  believe,  begun  under  the  instructions  of  Captain 
Impey,  formerly  Political  Agent  at  Ulwar,  to  drain  the  pits  sunk  by  the  natives 
in  the  bill  side. 

The  copper  occui’S  in  the  form  of  copper  pyrites,  mixed  with  arsenical  iron. 
The  mine  is  now  nearly  abandoned  and  but  little  ore  is  to  be  seen.  I  bad  some 
difficulty  in  finding  a  bit  the  size  of  a  hazel  nut. 

Blue  vitriol,  alum,  and  copperas  are  manufactured  at  the  mine. 

I  found  traces  of  copper  in  some  slates  on  the  same  geological  horizon  in  the 
ridge  a  short  distance  west  of  Daribo. 

The  Bhangarh  workings  consist  of  two  or  three  small  pits  now  fallen  together. 
The  workings  of  Knshalgarh,  Baghani,  and  Partabgarh  have  been  abandoned  for 
many  years.  The  natives  say  that  at  the  two  latter  places  the  workings  were 
very  extensive,  and  that  the  mine  fell  together  suddenly,  burying  a  largo  number 
of  men. 

A  few  small  pits  have  been  sunk  in  the  quartzites  west  of  Nabaro  and  west 
of  Udhala,  both  near  Sainthal  in  the  Jeypore  territory,  from  which  a  little  copper 
ore  may  have  been  extracted,  as  the  debris  on  the  sui’faco  is  stained  with  C023per. 

Near  Lalsot,  in  Jeypore  territory,  a  small  hole  has  been  made  in  the  face  of 
the  scarp,  and  the  stones  about  are  stained  with  copjjor.  At  G-arh,  about  15  miles 
north-east  of  the  above,  a  pit  has  been  sunk  to  the  depth  of  about  20  or  30  feet. 
There  were  traces  of  copper  round  the  mouth  of  the  pit.  In  both  those  cases, 
although  the  rocks  surrounding  the  pits  were  bare  and  unbroken,  I  could  fin<l 
no  trace  of  a  vein  or  even  of  copiper  in  any  direction  a  yard  from  the  pit’s 
mouth. 

At  Nithahar,  in  the  Bhnrtpore  territory,  a  short  level  has  been  driven  into 
the  hill  and  a  small  quantity  of  copiper  raised. 

A  small  pit  has  been  sunk  in  the  quartzites  about  2  miles  east  of  Datunda  in 
the  Boondeo  territory.  The  stones  are  stained  with  cojoper,  but  I  should  not 
think  sufficient  was  raised  to  pay  the  costs  of  the  pit. 

At  Rewara,  near  Grangapur,  in  Oodeyporo,  a  number  of  small  p)its  are  sunk 
in  the  schists  in  a  north  and  south  line  for  nearly  a  mile  in  length.  These  psits 
have  all  fallen  together,  or  are  filled  with  water.  The  copper  appears  to  have 
been  smelted  on  the  spot,  but  judging  from  the  small  quantity  of  slags,  no  very 
large  amount  of  ore  was  raised. 

I  observed  traces  of  copiper  in  the  old  iron  workings  near  the  jail  at  Ajmere, 
also  at  Tasing  in  the  Mandan  hills,  and  at  Jasingpura  near  the  railway,  both  in 
the  Ulwar  territory. 

Oap)tain  C.  J.  Dixon,  in  a  report  dated  8th  May  1835,  published  in  the  Jour¬ 
nal  of  the  Asiatic  Society,  Vol.  IV,  page  583,  mentions  the  occurrence  of  copper 
ore  at  three  localities  near  Ajmere,  viz.,  at  Gugra,  4  miles  north-north-east  of 
Ajmere,  Riijgarh,  12  miles  south-south-west  of  this,  and  at  Eajauri,  10  miles 
south  of  Ajmere. 

Galena.— Tihe  only  lead  mine  of  any  importance  occurs  at  the  base  of  the 
Taragarh  hill  near  Ajmere.  Foiunerly  these  mines  produced  large  quantities  of 
lead,  although  there  appears  to  be  some  discrepancy  in  the  accounts  as  to  the 
amount.  Thus,  Captain  0.  J.  Dixon,  in  a  paper  (“  Some  account  of  the  lead 
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mines  of  Ajmere”)  pnblislied  in  1831  in  Gleanings  in  Science,  VoL,  III,  page  111, 
states :  “  The  produce  of  the  mines  has  hitherto  been  very  limited.  The  annual 

quantity  of  metal  smelted  averages  about  850  cwt. while  it  is  stated  in  the 
Ajmere  Gazetteer :  “Mr.  Wilder,  the  first  Superintendent  of  Ajmere  (in  1818), 
took  the  mines  under  direct  management,  and  they  produced  annually  from  10,000 
to  12,000  maunds  of  lead,  which  was  sold  at  Rs.  11  per  maund. 

“  The  Ajmere  magazine  was  the  chief  customer,  and  on  its  ceasing  to  take 
metal  in  1846  the  mines  were  closed." 

The  mines  consist  of  a  number  of  pits  sunk  in  a  line  several  hundred  yards 
long,  extending  from  the  hill  to  near  the  walls  of  the  city.  The  ore  occurs  in  a 
number  of  small  roughly  parallel  veins  running  through  a  quartzite  in  nearly 
the  same  direction  as  the  strike  of  the  rocks.  An  adit  level  has  also  been  driven 
into  the  hill,  at  a  lower  level,  to  drain  these  pits. 

A  small  quantity  of  lead  ore  has  been  extracted  from  a  pit  sunk  near  Ganes- 
pura,  about  30  miles  south  of  Ajmere. 

Some  old  lead  workings  occur  at  Indawas  and  Gudha,  in  Thana  Ghazi,  in  the 
Uhvar  territory.  The  former  consists  in  a  long  open  cutting  from  20  to  30  feet 
deep,  from  which,  apparently,  a  considerable  quantity  of  ore  has  been  raised. 
The  workings  are  now  filled  with  water.  At  the  latter  j)lace  a  small  pocket  of 
ore  was  recently  discovered,  but  which  on  being  worked  was  found  to  die  out 
in  every  direction. 

Iron  and  Manganese. — Iron  ore  occurs  in  several  localities,  and  some  of  the 
mines  have  been  and  are  still  extensively  worked. 

The  mines  of  Bhangarh  in  Ulwar  still  produce  large  quantities  of  ore.  These 
are  now  the  only  source  of  iron  for  the  numerous  furnaces  in  the  Ulwar  terri¬ 
tory.  The  ore  is  a  mixture  of  limonite,  magnetite,  and  oxide  of  manganese, 
containing  59'67  per  cent,  of  iron  and  12'7  of  manganese  (Mr.  Mallet’s 
analysis). 

The  old  and  extensive  mines  near  Rajgarh  in  Ulwar  are  not  now  worked. 

Large  quantities  of  a  superior  iron  ore  have  been  raised  at  Karwar,  near 
Uiiidaun,  but  the  woi’kings  are  now  abandoned,  probably  from  the  scai’city  of  fuel. 

There  are  some  old  iron  workings  near  the  jail  at  Ajmere,  but  the  produce 
must  have  been  very  small. 

Iron  ore  is  now  worked  to  some  extent  near  Gangar,  in  Oodeypore,  and  near 
Bhairompura,  in  Boondee. 

Niclcel  and  Cohalt. — Traces  of  nickel  have  been  found  in  some  of  the  iron  ores 
from  Bhangarh,  but  the  pit  from  which  the  ore  was  taken  has  fallen  together. 

An  ore  of  cobalt  called  saita  (or  sehta)  is  found  in  the  slate  hills  near  Bahai 
in  fine  strings,  and  sparsely  disseminated  through  the  .slates,  with  pyrrhotite 
(magnetic  iron  pyrites)  and  copper  pyrites.  It  is  described  in  mineralogical 
works  as  Syepoorite  (probably  a  mistake  for  Jyepoorite),  sulphuret  of  cobalt 
(sulphur  36'36,  cobalt  64'  64) ,  The  ore  is  used  for  colouring  enamels,  bangles, 
et  c.,  of  a  blue  colour. 

Zinc. — Large  quantities  are  said  to  have  been  obtained  from  Jawar,  in  Oodey¬ 
pore,  but  as  yet  my  examination  of  the  country  has  not  extended  so  far  south 
as  this. 
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Rutile. — Rutile  (titanic  acid)  exists  in  small  quantities  in  some  little  quartz 
veins  in  the  Motidongri  ridge  a  short  distance  south  of  Ulwar. 

Plumhago. — At  the  back  of  the  town  of  yohna,  in  the  Gurgaon  district,  a 
thin  irregular  band  of  schists  occurs  iu  quartzites.  From  those  schists  some 
specimens  of  plumbago  have  been  taken.  There  are  no  traces  of  any  excavations 
ever  having  been  made,  except  a  very  small  pit,  which  could  not  have  been  many 
feet  deep.  Anything  that  I  could  see  was  exceedingly  j)Oor,  and  hardly  deserved 
the  name  of  plumbago,  and  I  doubt  if  any  much  richer  was  ever  taken  from 
this  locality .  A  specimen  sent  to  me  by  the  Dejauty  Commissioner  was  as  poor 
as  those  I  picked  up. 

Gold. — When  examining  these  schists,  the  Sohna  Lumbadar  told  me  that 
after  every  rains  small  quantities  of  gold  were  extracted  from  the  sand,  mud,  &e., 
of  the  little  wmter-courses  at  the  bottom  of  the  hill.  I  questioned  the  Chumars  of 
the  town,  who  told  me  that  it  was  true  that  they  made  a  few  rujoces  every  year  in 
this  way,  and  that  the  heavier  the  rains,  the  larger  the  amount  of  gold.  Last 
year,  for  instance  (1877),  as  the  rains  were  so  slight,  they  did  not  got  any,  or  did 
not  think  it  worth  while  looking  for. 

The  only  rocks  exposed  in  the  gully  are  the  quartzites  and  the  schists.  As 
it  is  not  probable  that  the  gold  would  be  washed  out  of  the  hard  quartzites,  it 
must,  I  presume,  come  from  the  schists. 

Kaolin. — The  kaolin  mines  are  situated  at  Kussoompur,  and  a  short  distance 
to  south,  in  the  Delhi  hills,  a  few  miles  north  of  the  Kutub  Minar.  There  is  only 
one  mine  now  worked,  and  that,  unfortunately,  had  not  yet  been  opened  for  the 
season,  so  that  I  could  oidy  judge  from  surface  appearances. 

There  are  few  small  pits  sunk  in  a  hollow  entirely  surrounded  by  quartzites. 
The  stuff  brought  out  of  the  pits  resembles,  in  evciy  particular,  components 
of  the  numerous  granite  dykes  in  the  Arvali  series,  only  the  felspar  in  this  case 
is  decomposed.  The  plates  of  mica  and  crystals  of  quartz  are  mixed  up  with 
the  kaolin  in  exactly  the  same  way  as  they  are  with  the  white  felspar  in  the 
granite  veins. 

This  decomposed  rock  is  thrown  into  water,  when  the  mica  and  quaidz  are 
separated  from  the  kaolin,  and  the  latter  made  into  small  cakes  and  used  for 
white-washing  purposes,  and  as  fire-elay. 

Another  kaolin  mine  occurs  at  Buchara,  near  the  Lota  river,  in  the  Ulwar 
hills.  There  are  numerous  granitic  veins  near,  and  of  course  this  kaolin  is 
the  result  of  the  decomposition  of  the  granite. 

Garnets. — The  Arvali  schists  frequently  contain  innumerable  garnets,  but  it 
is  not  often  that  they  are  of  sufficient  size  to  bo  worth  jheking  up.  There  are, 
however,  extensive  workings  for  them  at  Sarwar,  20  miles  south-east  of  Nusseera- 
bad,  at  Rajmahal  in  Jeypore,  and  at  Maga  iu  Oodeypore. 

The  Sarwar  workings  consist  of  a  number  of  pits  sunk  in  a  narrow  belt  of 
mica  schists,  in  which  nrrmerous  gi'anitic  intrusions  occur.  The  whole  length 
(upwards  of  a  mile)  of  the  outcrop  of  the  schists  is  burrowed  in  search  of  the 
garnets.  Those  1  saw  from  the  mine  were  of  good  colour  and  size,  but  badly 
cut. 
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The  workings  at  Rajmahal  and  Maga  are  not  quite  so  extensive ;  but  they 
occvir  on  the  same  geological  horizon  and  were  conducted  in  the  same  manner. 

All  of  these  workings  are  now  abandoned. 

Roci;  crystal. — Rock  crystals  were  formerly  obtained  from  some  small  jn'ts 
sunk  in  the  quartzites  at  Aurangpur,  about  15  miles  south  of  Delhi.  The  pits 
are  now  abandoned  and  fallen  together,  but  the  small  crystals  of  quartz  sjjread 
about  round  the  pit  are  very  numerous.  Probably  the  rock  crystal  was  obtained 
from  some  quartz  vein  running  through  the  quartzites. 

Marhle. — Marble  is  of  frequent  occurrence  among  the  Arvali  rocks,  and  is 
extensively  quarried  in  several  places.  It  is  generally  white,  but  coloured  marbles 
are  occasionally  met  with,  as  at  Kho  and  Raldeogarh,  and  black  marble  is  found 
in  the  Motidongri  ridge  in  Ulwar. 

The  most  extensive  quarries  are  those  of  Makrana,  situate  on  the  western 
edge  of  the  Arvali  range  in  Jodhpore.  The  marble  forms  a  long  ridge  running 
nearly  north  and  south.  It  is  nearly  vertical  and  regularly  bedded ;  and  some 
of  the  beds  being  upwards  of  2  feet  in  thickness,  large  blocks  can  be  obtained. 
The  quarries  are  confined  to  about  20  feet  of  the  section,  but  extend  in  length 
for  several  hundred  yards. 

Marble  is  also  extensively  quan-ied  at  Jheri,  in  CTlwar,  and  Raialo,  in  Jeypore. 

A  coarse  kind  of  marble  is  quarried  at  Sarangwa,  about  G  miles  west  of 
Desuri,  on  the  western  side  of  the  Arvali  range,  in  Oodeyporo. 

Steatite. — The  steatite  or  soaiJ-stone  of  wRich  the  models  of  the  Taj  and 
other  ornamental  carvings  are  made  at  Delhi  and  Agra  is,  I  believe,  quarried 
in  the  ridge  at  Mora  Bhandfiri,  about  12  miles  north-west  of  Hindaun,  in 
Jeypore. 


Further  notes  on  the  correlation  op  the  Gondwana  Flora  with  that  op 
THE  Australian  Goal-bearing  system,  ly  Ottokar  Feistmantel,  M.D., 
Palceontologist,  Geological  Survey  of  India. 

In  my  Talchir-Karharbari  flora  ^  I  had  an  opportunity  to  point  to  the 
greater  resemblance  of  this  flora  to  that  in  the  Bacchus-marsh  beds  in  Victoria, 
than  to  that  of  the  Rew-castle  beds,  from  the  great  abundance  of  the  genus 
Gangamoyteris  in  both,  and  I  quoted  a  passage  from  a  letter  of  Mr.  0.  S. 
Wilkinson,  Government  Geologist,  to  the  late  Rev.  W.  B.  Clarke,  which  the 
latter  had  sent  me  for  perusal,  and  from  which  it  w'as  ap2'>arent  that  Mr.  Wilkin¬ 
son  assigned  to  onr  coal  flora  a  higher  position  than  that  of  the  New-castle 
beds  and  lower  coal-measure  flora.  In  my  notes  to  Mr.  Clarke,  which  he  published 
in  his  “  Remarks  on  the  sedimentary  formations  of  Rew  South  Wales,”^  I  assigned 


'  Pal.  Ind„  XII—  1,  p.  31,  1879. 

’  Sydney,  1878,  4tli  edition,  pp.  163 — 164. 
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to  tlie  Bacelius-marsh  sandstones  a  position  whicli  •would  bring  them  on  about 
the  horizon  of  the  Ha-wkosbury  beds  in  Now  South  Wales.  This  seemed  natural,  as 
the  Bacchus-marsh  sandstones  are  considered  as  Lower  Mesozoic,  >  and  the  Hawkes- 
bury  beds  ovei’lying  the  upper  coal-measures  or  New-castle  beds  were  treated  of 
by  the  late  Rev.  W.  B,  Clarke  under  the  heading  “  Mesozoic  or  secondary 
formations. 

I  have  since  received  sevei-al  communications  from  Mr.  0.  S.  Wilkinson  on 
his  observations  of  certain  physical  phenomena  in  the  Hawkesbury  beds,  which 
would  tend  further  to  correlate  these  beds  with  the  Bacchus-marsh  sandstones, 
in  which  similar  phenomena  were  observed.  As  Mr.  Wilkinson  has  lately 
published  these  observations  in  a  paper  in  the  Journal  of  the  Royal  Society  of 
New  South  Wales  (December  1870),  and  has  favoured  me  with  a  copy  of  the 
same  accompanied  by  a  letter,  in  which  again  reference  is  made  to  the  Hawkes¬ 
bury  beds,  I  may,  besides  from  this  paper,  quote  also  from  his  previous  letters. 

In  a  letter  dated  30th  September  1 878,  Mr.  Wilkinson  -wrote  thus : — “  I  have 
noticed  certain  deposits  in  the  Hawkesbury  series,  apparently  due  to  ice  action, 
which  would  seem  to  confirm  your  view  as  to  the  correlation  of  that  series  and 
the  Bacchus-mar.sh  beds  (in  which  Daintree  has  described  the  occurrence  of 
glacial  deposits)  with  your  Talchirs.  Yet  it  is  strange  that  in  the  Hawkesbury 
beds  we  have  not  found  the  Ganejamopteris,  which  is  so  abundant  in  the 
Bacchus-mansh  and  Talchir  series.” 

The  absence  of  Gangamopteris  would  in  this  case  be  no  objection  against  a 
correlation  of  the  Bacchus-marsh  bed.s  and  Hawkesbury  beds,  because  the  cor¬ 
relation  of  the  Indian  Talchirs  with  the  Ekka  beds  in  South  Africa  and  with  the 
Permian  Breccia  in  England  is  also  based  upon  these  similar  physical  phenomena 
only. 

In  a  subsequent  letter  dated  25th  October  1879,  Mr.  Wilkinson  wrote  again 
thus: — “  Recently  in  company  with  Dr.  von  Haast,  E.R.S.,  of  New  Zealand, 
I  again  examined  the  Hawkesbuiy  beds,  and  the  Doctor  quite  coincides  with  the 
views  which  I  mentioned  to  you  in  a  former  letter,  that  these  bods  contain  many 
ice-bome  boulders.” 

In  his  recent  letter  dated  20th  July  of  this  year,  he  again  -wi’ites  with  reference 
to  the  Hawkesbury  beds  : — “Your  correlation  of  the  Hawkesbury  beds  with  the 
Bacchus-marsh  beds  is,  I  think,  correct,  yet  it  is  very  strange  that  in  the  former 
wo  do  not  find  the  Gangamopteris.  This,  however,  may  be  due  to  the  fact 
that  in  Victoria  the  Gangamopteris  has  only  been  found  near  the  ancient  margin 
or  shore-line  of  the  formation  where  the  latter  junctions  with  the  Silurian, 
whereas  our  Hawkesbury  fossils  were  obtained  from  beds  many  miles  from  the 
margin  of  the  foiunation,  so  that  the  Gangamopteris  may  yet  be  found  when 
searched  for  near  the  margin.” 

'  McCoy  :  Prodr.  Pal.  Victoria,  Decade  II  (Gangamopteris).  Brough  Smyth  :  Rcijort  of  Pro¬ 
gress,  etc.,  1874,  p.  34. 

-  Mines  and  Mineral  Statistics,  etc.,  1875,  p.  181  et  seq. 
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From  his  published  note  (1.  c.)  the  following  passages  may  be  quoted 
(pages  2  and  3'). — “Had  the  boulders  of  soft  shale  been  deposited  in  their  present 
position  by  running-water  alone,  their  form  would  have  been  rounded  instead  of 
angular.  It  would  appear  that  the  shale  beds  must  have  been  partly  disturbed 
by  some  such  agency  as  that  of  moving  ice,  the  displaced  fragments  of  shale 
becoming  commingled  with  the  sand,  and  rolled  pebbles  carried  along  by  the 
currents. 

“  From  their  lithological  character,  the  Hawkesbury  rocks  appear  to  have 
been  formed  in  a  comparatively  shallow  sea  which  was  subject  to  rapid  and 

changing  currents .  it  is  on  the  rocks  near  the  ancient  shore  line  that 

wo  should  more  especially  expect  to  find  ice-grooved  pebbles,  but  none  have  yet 
been  discovered. 

“  I  may  here  remark  that  the  sandstones  and  conglomerates  (Gemgamopteris 
heels)  of  Bacchus-marsh,  in  Victoria,  have  been  correlated  by  Dr.  Feistmantel 
with  the  Hawkesbury  series  of  Hew  South  Wales.  Some  years  ago  I  assisted 
the  late  Mr.  Richard  Daintree  in  making  a  geological  survey  of  the  district  in 
which  these  conglomerates  occur,  and  both  Mr.  Daintree  and  Mr.  A.  R.  C. 
Selwyn,  F.R.S.,  then  Government  Geologists,  in  their  published  reports  have 
expressed  their  belief  that  glacial  transport  had  been  concerned  in  the  deposition 
of  these  rocks.” 

From  all  these  notes  it  appears  evident  that  there  are  in  the  Bacchus-marsh 
beds  and  the  Hawkesbui’y  rocks  certain  physical  phenomena  by  which  these 
two  formations  may  be  correlated :  and  in  the  4th  edition  of  his  Remarks  on  the 
sedimentary  formations,  &c.,^  Mr.  Clarke  again  treats  of  the  Hawkesbury  beds 
under  the  heading  of  “  Mesozoic  or  secondary  formation  and  in  another  place 
(1.  e.,  p.  155,  Appendix  XVIII)  as  supracarboniferous.  As  regards  their  geologi¬ 
cal  position,  it  may  be  mentioned  that  they  overlie  the  “upper  coal-measures” 
or  “New-castle  beds”  which  represent  the  close  of  the  palasozoio  rocks  in 
Australia. 

This  correlation  of  the  Bacchus-marsh  beds  and  Hawkesbury  rocks  is  of  no 
small  importance  with  regard  to  our  Indian  coal  flora ;  for,  as  mentioned  before, 
the  Talchir-Karharbari  beds  show  the  closest  relation  to  the  Bacchus-marsh 
bods,  not  only  from  a  paloeontological  point  of  view  (predominance  of  Ganga- 
wopter is),  but  further  also  from  the  phenomenon  of  “ice-borne”  boulders  in  the 
Talchir  and  the  Bacchus-marsh  beds ;  and  consequently  the  Hawkesbury  beds 
would  have  to  be  placed  also  on  the  same  horizon.  This  would  have  the 
necessary  consequence  that  the  flora  of  the  Damuda  series  and  that  of  the 
Australian  coal-beds  would  differ  in  range,  tlie  former  being  above  the  Talchirs, 
the  latter  heloie  the  Hawkesbury  beds.  The  case  might  bo  illustrated  thus  (also 
including  the  South  African  formations)  : — 

*  This  refers  to  the  pages  of  tlie  abstract,  the  volume  of  the  Journal  of  the  Royal  Society, 
N.  S.  W.  (Vol.  XIII,  1879)  in  which  this  note  is  published  not  being  yet  at  hand. 

2  Sydney,  1878,  p.  70. 
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ArSTEALIA. 


South  Apbica. 
Jurassic  beds. 


Karoo  beds 
(Glossopteris,  fre¬ 
quent). 


Ekka  bed 
(Houlder  bed, 
action). 


Victoria. 

Upper  mesozoic 
(Bellarine  beds). 


c 

1  g 


Jo  L 


India. 

(  Upper  Gondwanas 
(Glossopteris,  very 
rare). 

Pancheta  and 
Uaiuudas 

(Glossopteris  abundant 
in  the  latter). 


Karbarbari  and  3  Baccbus-marsh- 

Talchir  (Glossopteris,  j  beds. 

less;  Gangamopteris,  \(G angamopteris, 
pi’edoniinant).  [  abundant ; 

(Talchir  boulder  bed,  |  Boulder  bed, 

?  ice-action).  J  ico-action). 


Unconformity, 

break. 


Unconformity 

break. 


Unconformity 

break. 


New  South  AVales. 

Mesozoic 
(Clarence  river). 


AVianainatta  beds 
and 

Hawkesbury  rocks  ; 


(Boulder  bed, 
ice-action). 


Upper  coal  ine,asurGs. 
(New-castle  beds ; 
Glossopteris,  abundant). 
Upper  marine  beds. 
Lower  coal-measures. 
(Glossopteris,  first  ap¬ 
pearance). 

Lower  marine  beds. 


Devonian. 


Silurian. 

This  list  does  not  need  any  further  comment.  It  would  appear  that  the 
unconformity  and  hreak,  which  exists  in  A.frica,  India,  and  Vic;;oria.,  between 
the  Ekka  beds,  Talchir  beds,  and  Bacchus-marsh  beds  respectively,  and  their 
underlying  rocks,  is  in  New  South  Wales  filled  in  between  the  Hawkesbury 
rocks  and  the  Devonian  beds  by  the  series  of  the  Australian  coal-bearing  beds. 
If  this  surmise  be  correct,  then  an  older  ago,  than  carboniferous,  for  the 
Vindhyans  of  India,  would  bo  an  almost  necessary  conseipuence. 


Note  on  Reh  ob  Alkali  Soils  and  Saline  AVell  waters,  hj  W.  Center,  M.B., 
Chemical  Examiner,  Punjab  Government. 

A  reference  was  made  to  this  oflice  by  (xovernment  regarding  the  treatment 
of  reh  or  saline  soils  hy  chemical  manures.  My  predecessor,  Dr.  Brown,  had 
written  a  report  regarding  the  use  of  nitrate  of  lime  as  a  remedy,  and  a  copy  of 
this  was  asked  for.  It  could  not  be  found  in  the  records  of  the  ofiice,  but  I  after¬ 
wards  found  that  it  had  been  published  in  the  Selections  from  the  Records  of  the 
Ofiice  of  the  Financial  Commissioner,  and  the  gist  of  it  was  embodied  in  Powell’s 
hook  on  Punjab  Products.  As  I  had  made  numerous  analyses  of  such  efflores¬ 
cences,  and  studied  their  connection  with  saline  well  waters,  samples  of  which  I 
had  analysed  from  all  parts  of  the  Punjab,  and  as  I  had  an  opportunity  of  observ¬ 
ing  and  learning  something  of  similar  soils  known  as  alkali  soils  in  the  Utah 
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Basin  and  oilier  parts  of  America,  and  of  the  methods  used  to  reclaim  them,  I 
hog  to  submit  a  feiv  notes  on  my  observations.  I  am  indebted  to  Captain  Ottley, 
of  the  Irrigation  Department,  and  Mr.  Miller,  Secretary  to  the  Financial  Com¬ 
missioner,  for  access  to  the  literature  on  the  subject  in  the  form  of  reports  to 
Government.  I  propose  considering  more  especially  the  chemistry  of  the  pro¬ 
duction  of  those  salts  and  the  conditions  of  their  accumulation  in  soils  and  in  the 
underground  water, — points  intimately  connected  with  each  other,  and  equally 
important  in  the  agricultural  and  sanitary  aspects.  The  efflorescences  consist 
chiefly  of  sodium  chloride  and  sulphate  in  varying  proportions.  In  addition 
there  is  sometimes  carbonate  of  soda,  and  I  have  usually  found  some  magnesian 
sulphate.  In  certain  localities  the  last-named  salt  is  in  very  considerable  propor¬ 
tion.  In  other  cases  nitrate  of  lime  or  alkali  is  present. 

2.  Various  theories  have  been  started  regarding  the  origin  of  these  efflores¬ 
cences,  the  oldest  being  probably  the  marine  theory. 

Marine  theoiy.  According  to  this  the  Indo-Gangetic  depression  was  con- 

sidei-ed  to  be  an  old  sea  bed,  the  soil  of  which  became  impregnated  with  salts 
from  the  existence  of  shallow  “  rans  ”  and  lagoons  in  a  former  geological  age. 
In  favour  of  this  it  might  be  mentioned  that  there  is  certain  geological  evidence 
that  an  Eocene  sea  covered  the  Punjab  plain,  its  shore  coinciding  with  some 
part  of  the  outer  slope  of  the  Himalaya,  with  a  gulf  or  gulfs  penetrating  the 
mountains  as  far  as  the  valley  of  the  Upper  Indus.  On  the  other  hand,  to  the 
east  of  Knmaun  and  to  the  north  of  the  Gangetic  valley,  the  situation  of  this 
shore  line  is  obscured  till  the  Assam  region  is  reached,  The  theory  of  recent 
marine  impregnation  is  now  entirely  to  bo  abandoned.  It  is  proved  beyond 
doubt  that  the  whole  of  the  materials  of  the  Indo-Gangetic  basin  are  fresh  water 
alluvia  to  an  unknown  depth,  and  consist  in  fact  of  the  debris  of  the  Himalayas 
carried  down  by  its  drainage  and  deposited  in  this  immense  depression.  There 
are  no  deep  natural  sections  in  which  to  observe  the  structure,  but  in  the  Umballa 
boring  of  701  feet,  the  Calcutta  boring  of  481  feet,  and  that  near  Eajanpur  of  464 
feet,  nothing  but  fresh- water  alluvia  were  met.  We  do  not  speak  here  of  the  Salt 
Eange  region,  in  which  are  accumulations  of  salt  as  old  as  the  Silurian  period. 

3.  The  true  origin  of  reh  or  alkali  efflorescence  is  the  decomposition  of  the 

^  elements  of  rocks  and  soils  which  is  continually  going  on 

rue  origin  .  Tender  the  action  of  air  and  water.  The  accumulation  of 
the  resulting  salts  in  superficial  soils  or  in  subsoil  waters  depends  on  various  con¬ 
ditions  of  chemical  constitutions  and  permeability  of  soils,  and  on  the  nature  of 
the  surfaee  and  subsoil  drainage,  which  will  be  considered  in  detail. 

4.  If  the  rain  water  that  runs  off  the  surface  of  the  hills  be  examined,  it  is 
Decomposition  in  liill  found  to  have  washed  out  appreciable  amounts  of  soluble 

regions.  salts,  chiefly  carbonate  of  lime  and  alkaline  chloride  and 

sulphate.  If  such  water  runs  off  crystalline  or  schistose  rocks,  the  amount  of 
salts  washed  out  may  be  extremely  small, — even  2  grains  per  gallon,  as  at 
Dalhousie.  If  it  runs  off  a  loose  decomposing  rock  the  quantity  may  be  consider¬ 
able, — for  example,  8  grains  near  Murree.  The  rainfall  that  percolates  the  debris 
of  the  decomposed  rock  which  covers  the  surface  of  the  hill-sides  and  fills  up  the 
channels  of  ravines  issues  in  springs  at  lower  levels,  and  is  found  to  contain 
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much  greater  proportions  of  the  same  salts.  This  water  not  only  comes  in  con¬ 
tact  with  a  larger  quantity  of  degraded  rock  and  washes  out  its  soluble  salts, 
hut  it  takes  up  more  carbonic  acid  from  the  air  in  the  pores  of  the  ground,  which 
is  rich  in  this  gas,  and  this  dissolves  more  lime  and  magnesian  carbonate.  From 
10  to  26  grains  per  gallon  arc  found  in  S23rings  in  clean  soils  in  various  hill 
stations.  In  the  hill  stations  themselves,  where  the  porous  subsoil  becomes 
loaded  with  sewage  imjmi'ity  from  human  habitation,  the  dissolved  salts  and 
organic  imjmrity  may  he  very  great.  For  example,  in  the  bazar  well  at  Murree 
I  found  35  grains  per  gallon  in  which  were  12  grains  of  common  salt.  This  last 
is,  however,  a  sanitary  fact,  and  I  wish  at  jiresent  to  speak  generally  of  the  saline 
ingredients  washed  out  of  such  soils  not  contaminated  by  human  occupation. 

6.  The  soluble  substances  produced  by  rook  decomposition  and  dissolved  by 
water  are  remarkably  uniform  in  their  nature,  though  varying  in  amounts,  both 
relative  and  total,  according  to  the  nature  of  the  decomposing  rock  or  soil.  It 
may  he  generally  stated  that  the  earth  water  shows  a  fugitive  acidity  from  the 
presence  of  free  carbonic  acid  and  a  slight  permanent  alkalinity  from  the  pre¬ 
sence  of  alkaline  carbonate,  but  that  the  main  ingredients  are  carbonates  of  alka¬ 
line  earths,  chiefly  of  lime,  and  alkaline  chlorides  and  sulphates,  chiefly  of  soda. 
Other  ingredients  are  generally  in  smaller  amount,  such  as  lime  and  magne.sian 
chlorides  or  suli^hates  forming  the  permanent  hardness,  also  silica,  traces  of  iron, 
&c.  Of  course  in  si^ecial  formations  it  may  be  highly  charged  with  peculiar 
salts,  and  may  oven  form  what  are  called  mineral  springs  ;  but  wo  are  speaking 
generally  of  the  body  of  water  that  filters  from  the  hill-sides,  and  either  sinks 
into  the  underground  strata  of  the  plains  or  finds  its  way  into  the  streams  and 
rivers,  and  thence  into  the  sea,  the  great  natural  reservoir  of  the  soluble  salts 
washed  out  of  the  earth.  The  waters  of  the  Punjab  rivers  which  I  have 
examined,  the  Ravi,  Jhelum,  and  Indus,  contain  8  to  15  grains  per  gallon,  vary¬ 
ing  according  to  the  floods.  The  amount  of  soluble  salt  capable  of  eflloresceuce 
varies  from  about  2  to  4.j  grains.  The  river  waters  are  most  concentrated 
when  they  are  at  the  lowest.  At  that  time  they  are  .supidied  by  the  water  that 
has  filtered  through  the  soil  and  subsoil  of  the  higher  regions,  and  has  thus  taken 
up  more  salts.  In  the  hot  weather,  when  the  glacial  water  comes  down,  and  in 
the  rain  floods  at  the  end  of  the  hot  season,  the  dilution  is  at  its  highest.  Other 
glacial  rivers  and  those  subject  to  annual  flood.s  show  the  same  thing.  For 
example,  the  total  solids  in  Nile  water  vary  from  9|  to  14|  grains  per  gallon. 

6.  To  oxjjlain  the  ultimate  origin  of  these  salts  we  have  to  consider  the  action 

Ultimate  origin  of  reh  of  tlio  oxygen  and  carbonic  acid  in  rain  water  on  the  rock 
salts.  elements.  AVith  the  exception  of  the  limestone  strata, 

which  consist  of  carbonate  of  lime,  often  with  carbonate  of  magnesia,  all  great 
rock  formations  arc  composed  of  silica  and  silicate.s,  chiefly  of  alumina,  lime, 
magnesia,  soda,  and  jiotash,  with  smaller  amounts  of  iron  and  other  metals.  Such 
is  the  constitution  of  the  granites,  gneis.scs,  slates,  traps,  &c.  The  old  sedimen¬ 
tary  rocks  are  similar  in  composition,  being  formed  by  the  disintegration  of  these. 
The  recent  alluvia  of  the  plains  consist  of  finely-divided  debris  of  the  limestone 
and  silicious  groups,  and  in  them  the  chemical  decomposition  going  on  under  the 
influence  of  air  and  water  is  much  intensified,  owing  to  the  state  of  fine  division 
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whicli  favours  chemical  action,  and  because  the  constituents  of  the  soil  are 
further  advanced  in  the  path  of  degradation. 

7.  In  order  to  understand  the  slow  chemistry  going  on  in  the  ground,  we 
Origin  of  cJirbonato  of  have  to  conceive  the  outer  shell  of  the  earth  generally 
lime  alkaline  carbonate.  covei’ed  with  more  or  less  vegetable  mould,  and  permeated 
to  its  greatest  known  depth  by  meteoric  water.  There  is  no  rock,  however  com¬ 
pact,  and  there  is  no  depth  to  which  man  has  penetrated,  in  which  water  is  not 
found  to  have  permeated  by  pores,  cracks,  or  fissures.  The  great  agent  of  change 
is  the  carbonic  acid  of  the  air.  This  is  dissolved  in  rain  water,  which  also  dis¬ 
solves  more  fi’om  the  decaying  vegetable  mould  and  from  the  air  in  the  pores  of 
the  ground,  which  is  rich  in  this  gas.  It  has  two  great  functions.  It  attacks 
the  silicates  of  the  alkalis  and  lime,  forming  carbonates.  It  further  dissolves  the 
carbonate  of  bme,  enabling  it  to  be  transported  by  water  and  to  be  redeposited 
on  evaporation.  From  the  limestone  rocks  the  water  takes  up  carbonate  of 
lime  and  magnesia,  which  dissolve  in  its  free  carbonic  acid,  and  in  such  forma¬ 
tions  it  becomes  very  hard.  The  amount  of  carbonate  of  magnesia  dissolved  is 
always  much  less  than  that  of  lime.  In  the  silicious  rocks  the  folspathic  family 
of  minerals  decomposes  most  readily.  These  consist  of  silicates  of  alumina  and 
alkali,  with  generally  small  quantities  of  lime  and  magnesia.  The  white  or  soda 
felspar,  which  contains  more  soda  than  potash,  is  a  common  ingredient  of  the 
Himalayan  rocks,  and  the  decomposition  of  this  in  soils  may  possibly  to  some 
extent  account  for  the  very  great  excess  of  soda  over  potash  salts.  The  chief 
reason,  however,  depends  on  the  fact  which  has  been  experimentally  verified,  that 
in  a  silicate  containing  both  potash  and  soda  the  latter  is  dissolved  out  with 
greater  facility  and  in  much  larger  quantity  than  the  former.  The  process  of 
decomposition  consists  in  removal  of  the  alkali  by  the  action  of  carbonic  acid, 
while  water  is  taken  up,  leaving  hydrous  silicate  of  alumina  or  clay.  The  pre¬ 
sence  of  alkaline  water  also  assists  in  promoting  the  breaking  up  by  dissolving 
some  silica.  Another  group,  the  lime  silicates,  is  also  readily  decomposed  by  the 
action  of  carbonic  acid  or  alkaline  carbonate,  and  foiuns  an  additional  source  of 
carbonate  of  lime.  On  the  other  hand,  the  talcose  rocks,  which  contain  magne¬ 
sian  silicate,  are  hardly  attacked  at  all.  This  magnesian  metamorphosis  of 
rock,  which  is  very  extensive  and  very  ancient,  is  also  the  most  permanent,  and 
apparently  a  final  one.  We  have  thus  accounted  for  the  alkaline  carbonate 
and  carbonate  of  lime.  The  earth  water  is  almost  alway.s  slightly  alkaline, 
and  this  most  important  part  in  the  decomposition  of  the  silicious 

rocks  and  their  metamorphosis.  The  alkaline  carbonate  rarely,  however,  appears 
in  large  amount,  because  it  partly  expends  itself  in  decomposing  silicate  of 
lime,  thus  forming  carbonate  of  lime,  and  if  free  carbonic  acid  is  present,  this 
will  be  dissolved  and  carried  away  by  the  water.  If  magnesian  or  lime  sulphate 
be  present,  the  carbonate  of  soda  with  these  will  produce  lime  or  magnesian 
carbonate ;  Avhile  sulphate  of  soda  will  be  found  in  the  solution.  It  thus  happens 
that  the  waters  of  the  rivers  contain  apparently  no  alkaline  carbonate,  but  show 
a  permanent  neutral  re-action.  All  the  river  waters,  in  addition  to  carbonate  of 
lime,  which  is  their  chief  ingredient,  contain  also  lime  and  magnesian  sulphates 
which  there  has  not  been  enough  alkaline  carbonate  to  decompose. 
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8.  The  circulation  of  the  sulphur  that  occurs  in  the  earth  is  very  interesting. 

That  which  forms  the  sulphates  in  the  earth-water  ap- 
Origin  of  sulphates.  pears  to  he  derived  from  the  sulphurets,  especially  of 

iron,  which  are  so  universally  diffused  in  rocks,  and  from  the  gypsum  rocks, 
which,  however,  form  an  insignificant  portion  of  the  strata.  The  sulphate  of 
lime  heing  moderately  soluble  may  ho  readily  taken  tip  hy  water.  The  sul¬ 
phurets  become  oxidised  hy  the  oxygen  in  air  or  water,  leaving  red  iron  oxide, 
which  gives  the  yellow  or  red  colour  to  soils  and  clays ;  while  the  sulphuric  acid 
attacks  the  silicates  and  unites  with  soda  or  lime.  In  the  strata  of  the  earth  are 
found  deposits  of  sulphates  of  lime,  hut  these  appear  to  have  been  deposited  from 
solution  hy  infiltration,  or  hy  evaporation,  as  in  the  Salt  Range.  Their  ultimate 
origin  is  probably  the  same  as  that  just  indicated.  The  presence  of  sulphate 
of  lime  in  soils  leads  to  the  production  of  sulphate  of  soda.  The  former  salt  is 
slightly  soluble,  and  as  the  earth-water  contains  alkaline  cai’honatc,  mutual 
decomposition  leads  to  the  formation  of  carbonate  of  lime  and  sulphate  of  soda. 
This  partly  accounts  for  the  excessive  proportions  of  sulphate  of  soda  often 
found  in  I’eh.  The  sulphates  may  be  again  reduced  to  sulphides  by  organic 
matter  from  the  vegetable  mould  or  other  sources,  which  accounts  for  the  presence 
of  sulphuretted  hydrogen  in  dirty  well  waters  rich  in  sulphates. 

9.  As  regards  the  chlorine  of  the  alkaline  chlorides,  there  is  more  difiiculty. 

Chlorine  is  not  an  important  chemical  constituent  of  any 
Origin  of  clilondes.  common  minerals  forming  rocks,  but  there  is  no  rock 
that  on  being  powdered  and  washed  with  distilled  water  does  not  show  its  pre¬ 
sence.  The  only  explanation  known  of  its  appearance  lies  in  the  fact  that, 
though  generally  in  minute  quantities,  it  is  the  most  universally  diffused  sub¬ 
stance  we  know.  Even  in  air  a  chemically  clean  platinum  wii’e  cannot  bo 
exposed  for  some  time  without  showing  the  sodium  line  in  the  spectroscope  duo 
to  sodium  chloride  which  can  be  extracted  from  the  air  dust. 

10.  There  is  next  to  be  considered  the  chemistry  going  on  in  the  decomposi- 
Forination  of  Balts  in  tion  of  the  debris  of  the  rocks  forming  the  plain.  It  is 

tlio  plains.  in  a  more  finely-divided  state,  and  is  therefore  in  a  con¬ 

dition  moi’o  favourable  for  chemical  action,  and  besides  the  constituents  are  in  a 
further  advanced  state  of  decomposition  than  in  the  fresh  rocks.  The  action 
that  has  been  described  is  therefore  intensified.  It  has  been  proved  by  experi¬ 
ment  that  it  is  from  the  most  finely-divided  clay  (felspathio)  particles  of  soils 
that  most  of  the  soluble  substances  can  be  extracted.  These  particles  are  so 
extremely  fine  that  under  the  microscope  they  are  seen  only  as  minute  dots. 
The  other  small  particles  which  are  of  measurable  dimensions  are  silicious,  and 
yield  to  acids  only  a  slight  amount  of  soluble  matter. 

11.  There  are  three  points  to  be  considered, — the  action  that  takes  place  on 
the  surface,  that  which  takes  place  in  the  strata  permeated  by  the  underground 
water,  and  also  the  relations  between  the  two. 

12.  On  the  surface  undoubtedly  the  greatest  amount  of  decomposition  goes  on 
Surface  production  of  from  the  united  action  of  air,  moisture, ,  heat,  and  light. 

salts.  This  produces  the  perennial  supply  of  soluble  salt  neces¬ 

sary  for  the  growth  of  jdants,  and  in  cultivation  it  is  assisted  by  turning  up  and 
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pulverising  the  soil  and  acting  on  it  by  water.  In  countries  with  good  surface 
and  underground  drainage  there  is  a  constant  escape  of  these  salts,  and  the 
difficulty  may  bo  how  to  got  enough  of  them.  In  many  parts  of  our  plain.s 
circumstances  favour  their  accumulation,  and  the  question  is  how  to  get  rid  of  the 
excess.  I  have  frequently  taken  samples  of  soil  and  subsoil  from  places  where 
there  were  efflorescences  and  where  there  were  none,  and  on  washing  out  the 
soluble  substances  with  boiled  distilled  water  found  that  they  were  similar,  but 
different  in  amounts.  They  always  consisted  chiefly  of  alkaline  chloride  and 
sulphate,  with  often  small  quantities  of  alkaline  carbonate,  and  frequently  larger 
amounts  of  soluble  magnesian  salt,  sulphate  or  chloride.  Another  experiment 
was  to  take  a  sample  of  reh  soil  and  wash  it  repeatedly  till  no  trace  of  soluble 
salts  could  be  found.  It  was  then  dried  and  thoroughly  mixed  and  a  portion 
tested  again  to  see  that  no  soluble  salt  was  present.  It  was  then  placed  on  a 
filter  and  covered  with  porous  filter  paper  so  as  to  exclude  dust,  but  allow 
evaporation,  and  the  bottom  of  the  glass  filter  was  coi-ked.  It  was  frequently 
watered  with  distilled  water  charged  with  carbonic  acid  and  exposed  to  the 
heat  and  light  of  the  sun  in  the  hot  weather  for  nearly  three  months.  At  tbe 
end  of  that  time  it  showed  no  efflorescence,  but  on  being  washed  with  distilled 
water  the  solution  showed  tbe  presence  of  considerable  quantities  of  alkaline 
chlorides  and  sulphates.  This  experiment  proved  that  in  that  .sj)ecios  of  soil 
a  sensible  production  of  reh  salt  may  take  place  in  a  few  months.  A  similar 
sample  irrigated  with  ordinary  well  water  rapidly  developed  an  efflorescence 
owing  to  the  presence  of  salts  in  the  water.  There  is  nothing  particularly  novel 
in  these  results.  Experiments  have  often  been  made  of  grinding  down  the  solid 
rock  from  the  debris  of  which  the  adjoining  country  was  formed.  On  washing 
out  the  powdered  rock  the  solutions  were  found  to  contain  the  salts  of  the  water 
of  the  district ;  indeed  it  is  always  possible  to  account  for  the  composition  and 
proportions  of  the  ingredients  in  a  water  draining  any  area  if  the  structure  and 
composition  of  the  rocks  are  known. 

13.  To  estimate  approximately  the  decomposability  of  a  soil,  the  simplest 

.  .  ,  , .  .  method  is  to  dry  and  weigh  a  sample  and  wash  out  from 

Apiiroximatc  estimate  “  “  ,  V,  n  ■  i  ■  , 

of  decomposition  in  soils :  it  the  soluble  salt  already  present.  On  drying  and  woigh- 

tlie  Lysimeter.  jjjg  tjjg  residue  and  deducting  its  ■weight  from  the  original 

there  will  be  found  the  soluble  salt  (along  with  some  organic  matter) .  This  is 
the  result  of  decomposition  already  accomplished.  The  solution  may  bo  tested  in 
the  usual  way,  by  evaporation  to  find  the  total  dissolved  matter,  and  by  ignition 
to  find  organic  matter.  The  washed  residue  of  earth  is  then  ignited  to  expel  all 
I'cmaining  organic  matter,  and  treated  with  hydrochloric  acid,  which  will  decom¬ 
pose  and  dissolve  the  materials  which  are  in  an  easily  decomposable  state,  The 
solution  -will  contain  lime,  magnesia,  alumina,  and  iron,  and  also  the  alkaline  bases 
capable  of  efflorescing.  On  deducting  the  undissolved  residue  from  the  former, 
a  figure  will  be  found,  -which  will  be  an  approximate  index  of  the  facility  of 
decomposition  of  the  soil.  The  hydi-ochloric  acid  solution  can  be  examined  in 
the  usual  way  if  required  by  first  precipitating  the  iron,  alumina,  and  jihosphates 
of  the  alkaline  earths,  then  the  lime,  and  afterwards  separating  the  magnesian 
and  alkaline  bases.  The  last  will  show  the  salt  capable  of  efflorescing.  A  more 
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correct  way  is  to  perform  an  experiment  similar  to  wliat  I  have  described  before 
with  the  glass  funnel.  A  zinc  box  is  made  open  at  the  top  and  closed  at  tho 
bottom,  with  a  false  bottom  of  perforated  zinc  half  way  down.  The  section  is 
usually  1  square  foot.  Earth  is  placed  above  the  perforated  zinc,  and  the  whole  is 
exposed  to  the  varying  conditions  of  the  season  and  climate,  as  rainfall,  heat, 
moisture,  &c.  All  water  that  falls  sinks  through  the  perforated  bottom,  and  is 
collected  or  evaporates.  After  some  months  or  a  season  tho  solution  in  tho 
bottom  of  the  box  and  the  earth  are  examined  in  the  usual  way  to  find  tho 
results  of  decomposition.  Such  an  instrument  is  called  a  Lysimoter,  and  ha.s  tho 
advantage  of  demon.strating  the  changes  that  take  place,  not  by  tho  action  of 
acids,  but  by  the  ordinary  operations  of  natui'o. 

14.  Another  source  of  generation  and  accumulation  of  these  salts  takes  place 
Underground  produc-  in  tlie  strata  moistened  by  tho  underground  water.  Thi.s 
tion  of  salts.  is  pai-tly  derived  from  percolation  of  rainfall  from  tho 

surface  where  it  is  sufficiently  porous.  In  its  passage  downwards  it  washes  out 
any  soluble  salts  it  meets  and  carries  them  down  till  it  roaches  tho  impermeable 
stratum.  In  the  second  place  tho  air  contained  in  the  vegetable  mould  and 
porous  ground  is  rich  in  carbonic  acid,  and  this  is  absorbed  by  the  water  and 
enables  it  to  dissolve  more  lime  and  magnesian  carbonate,  which  accounts  for 
the  much  greater  hardness  of  subsoil  waters.  In  tho  third  place  the  alkaline 
water  charged  with  carbonic  acid  not  only  promotes  the  decomposition  of  tho 
strata  through  which  it  filters,  but  by  a  con.stant  soakage  action  on  that  which  it 
moistens  produces  still  more.  Tho  amount  produced  would  be  in  a  great  mea¬ 
sure  proportional  to  the  time  the  water  remains  in  contact  with  the  stratum.  In 
stagnant  underground  waters  in  the  middle  of  tho  plains,  as  at  Chunga  Manga 
and  Wanradaram,  the  dissolved  salts  amount  to  400  grains  per  gallon.  Another 
feeder  of  the  underground  water  is  the  percolation  of  hill  water  that  sinks  into 
the  porous  fringe  at  the  base  of  the  hills.  This,  however,  aSects  particularly 
the  plain  near  the  base  of  the  hills.  The  solution  formed  from  the  debris  on  tho 
hillside  is  much  less  saline  than  that  from  the  finely-divided  and  more  degraded 
materials  of  the  plain.  The  hill  percolation  therefore  affects  the  underground 
water  near  the  hills  in  two  ways.  It  raises  its  level  by  hydrostatic  pressure  and 
it  makes  it  less  saline  by  dilution.  There  is  still  another  source  of  underground 
waters  in  the  jrercolation  from  rivers,  streams,  and  canals.  The  neighbourhood 
of  rivers  affects  the  water-level,  and  very  sensibly  influences  the  quality  of  the 
subsoil  water.  Analyses  of  waters  taken  from  wells  near  them  show  that  they 
closely  approximate  to  the  river  waters,  being  little  more  than  those  filtered. 
For  examj)le,  the  well  water  near  the  Ravi  was  found  to  contain  from  8  to 
15  grains  per  gallon,  that  near  the  Jumna  9’8  to  14  gi'ains.  Advantage  is  now 
being  taken  of  this  in  supplying  water  from  such  wells  to  some  large  cities  in  the 
Punjab.  The  influence  on  the  quality  of  the  subsoil  water,  however,  only  exists 
in  the  khadar  land,  or  low  river  valley.  In  the  bhangar,  or  bar  land,  the 
upland  that  lies  between  neighbouring  rivers,  even  at  short  distances  from  the 
valley,  the  water  may  be  highly  saline.  In  the  case  of  canals,  as  far  as  my  ob¬ 
servation  goes,  there  is  very  little  percolation  in  the  districts  I  have  seen  irrigated 
by  the  Bari  Doab  Canal,  on  account  both  of  the  impermeability  of  the  soil  and 
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the  disfiosition  of  the  strata.  If,  however,  a  canal  were  made  on  a  natui’al  line 
of  drainage,  as  I  have  heard  the  Western  Jumna  Canal  is,  it  might  influence  the 
adjoining  ground  in  the  Avay  I  have  mentioned  in  the  case  of  rivers,  both  as  to 
the  water-level  and  quality  of  percolating  water. 

15.  When  rain  water  sinks  into  a  soil  containing  soluble  salts,  it  dissolves  them 
Natui-o  of  roll  and  its  find  carries  them  down  till  it  reaches  an  impermeable 

varieties.  stratum.  Medlicott  has  pointed  out  the  action  of  the  first 

rain  drops  in  carrying  efflorescent  .salts  down,  so  as  to  be  in  a  great  measure  out 
of  the  reach  of  the  surface  scour  of  the  succeeding  rainfall.  If  the  soil  is  porous, 
it  may  gravitate  down  to  the  water  stratum,  which  then  becomes  a  reservoir  of 
the  surface  salts.  If  it  is  only  slightly  porous,  as  in  alluvial  soils  containing 
much  clay,  the  soakage  is  only  superficial  to  one  or  more  feet  in  depth,  and  gene¬ 
rally  in  such  cases  the  surface  soil  is  more  or  less  porous  from  atmospheric 
exposure,  and  below  it  lies  a  more  compact  clay  subsoil.  As  rain  water  contains 
free  carbonic  acid,  it  dissolves  also  carbonate  of  lime  and  magnesia  if  these  bo 
present  in  the  soil.  When  evaporation  succeeds,  it  draws  up  the  moisture  in  the 
more  porous  surface  soil  by  capillary  action.  As  the  water  and  carbonic  acid 
pass  off,  the  solution  becomes  more  concentrated  and  carbonate  of  lime  is  re- 
deposited.  This  last  action  takes  place  first,  and  as  the  concentrated  solution  is 
drawn  up  to  the  surface,  it  finally  deposits  its  most  soluble  salts  on  drying  as  an 
efflorescence  on  the  surface.  An  essential  condition  is  the  dryness  of  the  climate. 
In  more  temperate,  but  dry  regions,  as  in  the  Utah  Basin  and  the  elevated  j)arks 
or  plateaus  of  the  rocky  mountains,  offlorescences  ajjpoar  as  well  as  in  the  scorch- 
ino-  plains  of  India.  The  action,  however,  is  intensified  by  heat,  which  increases 
evapoi-ation.  By  similar  capillary  action  the  moisture  will  creep  up  the  sides  of 
objects  lying  on  the  ground,  such  as  pieces  of  brick,  and  deposit  a  coiDious 
efflorescence.  At  first  it  appears  in  glittering  crystals,  but  as  the  sodium  sul¬ 
phate  gradually  loses  its  water  of  crystallization,  it  breaks  irp  into  a  copious  white 
powder  of  anhydrous  salt,  and  it  is  then  tl  at  it  is  most  apparent.  The  carbonate 
of  soda  behaves  similarly,  but  the  sodium  chloride  does  not,  having  no  water  of 
crystallization.  Nitrate  of  soda  and  lime  deliquesce  in  damp  air.  During  the 
hot  months,  the  salts,  if  brought  up  by  rain,  melt  in  their  water  of  crystallization. 
By  the  word  efflorescence  we  do  not  mean  here  what  is  known  as  such  in  chemi- 
cal  language,  that  is,  the  breaking  rrp  of  a  crystallized  salt  into  a  powder  from 
loss  of  water  of  crystallization.  What  is  meant  is  efflorescence  in  the  physical 
sense  or  the  ajapeai'ance  on  the  surface  of  the  ground  of  soluble  salts  brought  up 
by  capillary  evaporation.  It  is  true  that  sulphate  and  carbonate  of  soda  effloresce 
in  the  chemical  sense,  but  chlorides  and  nitrates  do  not. 

16.  From  what  has  been  explained  regarding  the  origin  of  the  salts  dissolved 
out  of  the  earth,  it  can  be  understood  how  the  solutions  can  naturally  be  divided 
into  two  groups,  whether  they  be  river  and  canal  waters,  or  well  waters,  or  solu¬ 
tions  formed  when  rain  water  soaks  a  saline  soil.  There  are  first  the  neutral 
solutions  from  which  carbonate  of  soda  has  almost  or  entirely  disappeared,  hav¬ 
ing  been  used  up  in  decomposing  any  soluble  lime  or  magnesian  sulphate  or 
chloride  and  precipitating  their  carbonates.  To  this  belong  the  river  and  canal 
waters,  the  chief  ingredient  of  which  is  carbonate  of  lime  with  less  amounts  of 
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magucsiau  cai-bonatc  held  in  solution  by  free  carbonic  acid.  There  is  present 
probably  next  in  amount  soluble  salt  of  lime  and  magnesia,  sulphate  or  chloride— 
the  maguosia  iu  smaller  amount.  The  alkaline  chloride,  though  the  most  con- 
stant  ingredient  in  all  waters,  is  in  small  amount,  from  ^  grain  to  2  grains,  and 
the  alkaline  sulphate  in  about  equal  or  larger  quantity.  In  the  majority  of  well 
waters  in  the  plains  in  my  experience  there  is  high  permanent  hardncs.s,  indicat¬ 
ing  lime  or  magnesian  sulphate  or  chloride,  and  sodium  carbonate  is  deficient. 
The  total  dissolved  salts  is  in  fresh  well  waters  about  double  that  in  rivers  and 
canals,  and  may  rise  in  saline  wells  from  10  to  40  times  the  amounts,  the 
increase  being  chiefly  iu  carbonate  of  lime  and  alkaline  chlorides  and  sulphates.' 
The  second  group  of  waters  or  solutions  is  that  containing  carbonate  of  soda.  In 
these  there  is  generally  little  permanent  hardness,  or  soluble  lime  or  magnesian 
salt.  If  these  two  groups  on  evaporating  produce  cfflorc, sconce,  in  the  first  wo 
may  have  sodium  chloride  and  sulphate,  and  any  magnesian  sulphate,  if  present ; 
in  the  second  we  may  have  sodium  carbonate  with  sodium  sulphate  and  chloride, 
but  no  lime  or  magnesian  salt.  During  the  process  of  drying,  which  leads  to  tho 
efflorescence,  tho  first  thing  that  occui’s  is  the  deposition  of  lime  and  magnesian 
carbonate,  as  the  free  carbonic  acid  disappears.  Subsequently,  sulphate  of  lime 
being  only  little  soluble  would  deposit,  and  the  highly  soluble  salts,  including 
sodium  carbonate,  chloride  and  sulphate,  magnesium  and  calcium  chloride  and 
nitrate  and  magnesium  sulphate,  would  be  capable  of  efflorescence.  These  salts, 
however,  are  not  deposited  as  they  exist  in  solution,  as  now  laws  come  into  play- 
The  chief  of  these  is,  that  during  evaporation  the  least  soluble  salt  that  can  be 
formed  is  first  deposited ;  but  this  is  modified  by  two  other  law's,  the  tendency  of 
certain  compounds  to  form  double  salts,  and  the  tendency  of  substances  with  the 
same  crystalline  form  to  crystallize  out  together.  The  efflorescences  thus  produced 
consist  of  three  groups  ;  Isf,  the  neutral,  containing  no  cai’bonato  of  soda,  consist 
chiefly  of  sodium  chloride  and  sulphate,  and  frequently  magnesium  sulphate ;  2ud, 
tho  alkaline,  containing  carbonate  of  soda  and  alkahno  chlorides  and  sulphates, 
but  no  lime  or  magnesian  salt ;  3rd,  the  nitrous  efflorescences.  These  generally 
contain  no  alkaline  carbonate,  and  consists  chiefly  of  nitrate  of  lime  and  alkaline 
chlorides.  Others  contain  alkaline  niti’ate,  chloride,  and  sulphate.  They  are 
developed  where  the  soil  has  become  loaded  with  organic  nitrogenous  matter. 
In  several  places  about  Lahore  there  is  a  good  deal  of  magnesian  sulphate,  and  I 
have  observed  on  twigs  of  farash  trees  a  saline  coating  of  this  salt,  Reh  is  thus 
not  a  special  salt  or  mixture  of  salts,  but  a  very  variable  compound.  It  is  really 
the  most  easily  soluble  salt  in  the  earth- W'atcr,  remaining  in  solution  after  the 
deposition  of  carbonate  of  lime,  &c.,  on  evaporation.  The  ingredients  and  their 
relative  proportions  arc  found  to  vary'  in  different  places,  exactly  as  tho  W'cll 
waters  at  different  spots  differ  in  saline  contents,  and  in  the  same  area  there  is  a 

'Though  we  speak  usually  of  individual  salts  existing  in  a  solution,  this  is  not,  strictly  speak¬ 
ing,  scientifically  correct.  If,  for  example,  sodium  chloride  .and  lime  sulphate  he  ninde  into  a 
solution,  it  wiU  really  contain  quantities  also  of  sodium  suliihate  and  lime  chloride,  and  tho 
amounts  of  the  four  salts  will  depend  on  the  masses  of  the  first  two,  temperature,  concentration, 
&c.  Properly  speaking,  iu  recording  an  analysis,  the  total  amount  of  acids  and  bases  should  he 
separately  recorded.  By  a  eouveutioual  rule,  however,  it  is  customary  to  arrange  the  salts  hypo 
thetically. 
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Formation  of  kankar. 


close  relation  between  the  two.  Tlie  relatire  proportion  of  common  salt  to 
sodium  sulphate  was  found  by  Medlicott  to  vary  from  4  to  24  per  cent. 

17.  The  re-deposit  of  carbonate  of  lime  gives  rise  to  tho.se  nodules  known  as 
kankar.  It  tabes  place  at  the  upper  margin  of  the  im¬ 
permeable  subsoil.  They  are  not  formed  by  the  lime 

depositing  round  a  nucleus  and  pushing  the  other  elements  of  the  soil  aside.  A 
jjortion  of  rather  porous  soil,  consisting  of  a  mixture  of  lime,  sand,  and  clay,  is 
infiltrated  with  water  retained  in  it  by  an  impermeable  bottom.  The  carbonate 
of  lime  is  deposited  tbronghont  this  porous  mass,  and  cements  its  particles  toge¬ 
ther  till  it  becomes  of  a  stony  hardness.  Deposit  no  doubt  also  takes  place  along 
the  outer  surface,  as  each  former  minute  crystal  deposited  acts  as  a  nucleus  for 
further  depo.sit.  The  formation  is  often  seen  in  an  incomplete  state,  nodules  of 
soil  having  become  only  partially  hardened.  The  process  is  essentially  one  of 
segregation  fi’om  the  soil  itself.  Such  nodular  fonnations,  which  are  very  com¬ 
mon  with  other  minerals,  as  iron  oxide,  silica,  &c.,  are  an  example  of  the  simjilest 
kind  of  metamor23hosis  going  on  in  rocks  and  soils.  It  is  not  necessarily  con¬ 
nected  with  efflorescences  on  the  surface.  The  essential  condition  of  its  existence 
i.s  the  presence  of  carbonate  of  lime,  or  its  ready  production  by  ordinary  decom¬ 
position  in  the  soil.  In  soils  and  sub-soils  which  supply  little  lime  there  may  be 
effloroscencos  without  formation  of  kankar,  as  in  those  consisting  of  clay  and 
silicious  sand.  On  the  other  band,  in  marly  soils,  in  which  there  may  be  little 
production  of  alkaline  salt,  kankar  may  form  without  any  efflorescence.  The 
analysis  of  kankar  very  w’oll  illustrates  their  mode  of  formation.  They  show 
from  20  to  50  per  cent,  of  carbonate  of  lime,  the  rest  consisting  of  the  mixture  of 
clay  and  sand  of  -which  the  soil  is  composed. 

18.  To  estimate  practic.ally  the  amoirnt  of  injurious  roh  in  any  soil,  it  should 
Estimation  of  rcli  in  be  washed  with  boiled  distilled  water  and  the  solution 

soils  and  water.  eraporatedj  then  burned  to  expel  organic  matter  and 

finally  weighed.  In  the  case  of  the  w’aters  of  rivers,  canals,  and  w’olls,  they 
should  bo  evaj)oratod,  ignited,  ro-carbonated,  and  w'cighed.  The  easily  soluble 
salts  should  then  be  washed  out  with  a  little  distilled  water  and  the  residue 
■weighed.  The  portion  undissolved  consists  of  lime  and  magnesian  carbonates 
and  some  sulphate  of  lime  with  small  amounts  of  silica,  &c.  The  difference 
between  the  two  weights  is  the  amount  of  salt  capable  of  efflorescing.  If  one 
have  a  record  of  the  analy.sis  of  any  water,  a  rough  approximation  is  got  by 
deducting  from  the  total  solids  the  volatile  matter  (almost  all  organic),  also  the 
removable  hardness  consisting  of  carbonate  of  lime.  In  addition  two  grains  per 
gallon  of  carbonate  of  lime  should  bo  further  deducted,  as  in  boiling  (in  order 
to  remove  carbonate  of  lime),  two  grains  per  gallon  still  remain  dissolv’ed.  A  still 
further  deduction  would  require  to  be  made  for  silica,  iron,  &o.,  but  these  are  in 
small  amount.  I  mention  these  methods  of  approximate  estimation  because  they 
are  readily  applied  and  are  useful  for  all  23ractical  pur230scs. 

19.  In  considering  the  conditions  that  lead  to  accumulation  of  salts  on  the 
Causes  of  aocnmula-  surface  or  in  the  tindorground  water,  it  is  to  be  borne  in 

tioii  of  salts.  mind  that  soils  exposed  to  moisture,  air,  and  he.at  are 

continually  generating  them,  und  that  in  some  in  which  the  felspathie  elements 
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iire  undergoing  rapid  decay  the  production  may  be  profuse.  Also  all  water, 
I'iver,  canal,  or  underground,  that  has  washed  over  or  filtered  through  the 
ground,  contains  similar  salts  and  promotes  their  further  production. 

20.  The  simplest  case  of  accumulation  is  that  of  a  closed  basin  like  the  Utah 
Basin.  The  surface  water  washing  the  salts  off  the 
ground  has  no  escape  to  the  sea,  and  fonns  an  inland  salt 

lake.  The  soil  in  such  cases  is  very  saline,  except  in  places  where  there  is  slope 
to  allow  thorough  surface  washing  by  rainfall,  or  permeability  to  allow  the  sur¬ 
face  salt  to  bo  washed  down  to  a  deep  ground  water.  In  the  centre  of  the 
dej)ression  both  the  surface  and  sub-soil  and  the  sub-soil  water  are  loaded  with 
salt.  The  efflorescences  in  Utah  closely  resemble  those  in  the  Punjab,  the  main 
common  ingredients  being  sulphate  of  soda,  common  salt,  and  often  sulphate  of 
magnesia.  In  some  places  there  is  a  large  amount  of  carbonate  of  soda,  iu 
others  borax  is  present.  In  the  Caspian  Basin  the  main  ingredients  are  sulphate 
of  soda  and  common  salt.  The  very  opposite  case  is  a  hilly  or  undulating  country 
with  sufficient  rainfall  and  good  natural  surface  drainage,  the  strata  of  which  are 
also  inclined,  thus  allowing  of  natural  sub-soil  drainage  till  the  underground 
water  finds  an  outlet  at  the  outcroiss  of  the  strata,  or  where  they  are  laid  open  by 
natural  sections  of  the  country.  Here  the  salts  continually  formed  are  either 
washed  off  the  surface  or  are  carried  down  to  the  sub-soil  water  which  drains 
them  off. 

21.  In  examining  the  state  of  things  in  the  Indo-Gangetic  plain,  it  is  neces¬ 
sary  to  consider  the  structure  of  the  countiy.  The 
Himalayan  axes  stretching  along  the  north  of  the  plain 

are  elevated  cores  of  granitic  gneiss  flanked  by  mctamoi'phic  and  limestone  rocks. 
To  the  south  of  this  is  the  Siwalik  fringe  with  its  duns,  consisting  of  clays,  sand¬ 
stones,  and  conglomerates.  These  are  fresh-water  deposits  formed  by  river  and 
torrent  action  in  the  tertiary  period,  and  having  suffered  displacement  by  the  Hima¬ 
layan  elevation,  they  are  seen  to  pass  with  great  undulations  and  numerous  frac¬ 
tures  under  the  strata  of  the  plain.  This  formation  conducts  water  under  the 
jilain.  There  succeeds  to  this  the  recent  gravel  deposits  from  the  outer  hills, 
brought  down  by  river  and  torrent  action,  similar  to  that  which  caused  the 
Upper  Siwaliks,  and  known  as  the  Bhabar.  This  is  extremely  porous,  and  a 
great  part  of  the  water  of  the  streams  j)aBsing  over  it  sinks  into  the  ground  and 
issues  in  springs  at  a  lower  level  in  the  adjoining  part  of  the  plain,  which  is 
known  as  the  Terai.  Part  also  .sinks  beneath  the  plain  and  raises  the  ground- 
water  level.  The  great  alluvial  idain  itself  is  composed  of  horizontal  strata. 
Near  the  hills  are  gravel  deposits,  but  further  off  the  soil  and  sub-soil  to 
an  unknown  depth  are  composed  of  deposits  of  clay,  sand,  and  mixtures 
of  the  two  in  various  projjortions,  according  to  the  stream  or  lake  action  that 
deposited  them.  Diffused  through  these  are  found  mica  and  small  cpxantities 
of  carbonate  of  lime,  which  makes  soils  more  or  less  marly,  and  iron  oxide 
which  gives  them  a  yellow  or  red  colour,  and  minuter  amounts  of  sulphate 
of  lime  and  other  salts.  Prom  numerous  well  sections  it  is  seen  that  these  alter¬ 
nating  permeable  and  impermeable  beds  of  sand  and  clay  are  not  continuous,  but 
that  they  thin  out  and  are  replaced  horizontally  by  others.  This  is  observed  even  at 
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Bhort  distances.  Possibly  many  of  the  sheets  of  clay  may  have  more  or  less  of  a 
basin  form.  The  important  points  for  us  to  remark  in  considering  the  surface 
and  sub-soil  drainage  are  that  this  immense  plain  has  an  average  breadth  of 
about  200  miles,  that  practically  the  Gangetic  and  Punjab  plains  are  one,  the 
water-shod  between  the  two  being  only  perceptible  bj'  accurate  scientific  measure¬ 
ments,  and  that  its  length  is  about  1,200  miles.  There  are  also  no  deep  natural 
sections  exposing  outcrojjs  of  the  deep  strata  so  as  to  allow  of  escape  of  under¬ 
ground  w'ater  to  the  sea.  In  consequence  of  the  very  small  surface  slope,  and 
on  account  of  the  horizontal  disposition  of  the  strata  over  such  an  enormous 
area,  the  conditions  as  regards  drainage  approach  to  those  of  a  basin.  The  sur¬ 
face  drainage  is  weak,  but  ultimately  finds  its  way  by  the  rivers  to  the  sea,  but 
the  underground  drainage  is  usually  imperceptible. 

22.  As  regards  the  production  of  elHorescences,  we  have  further  to  consider 
that  in  the  Punjab  there  are  three  belts  of  plain.  That  adjoining  the  hills,  the 
sub- montane  tract,  has  a  plentiful  rainfall  and  moister  air ;  south  of  this  is  a 
sub-desert  tract  with  small  rainfall,  and  still  further  south  is  the  desert  country 
with  deficient  rainfall.  In  the  sub-montane  belt  the  rainfall  is  sufficient  to  scour 
the  surfa,ce,  and  as  it  is  more  permeable  from  the  presence  of  gravel  and  sand, 
and  has  greater  slope,  the  surface  and  subsoil  drainage  are  more  efficient.  In 
the  other  two  tracts  the  working  of  these  agencies  is  defective.  In  the  hills 
themselves  the  annual  rainfall  of  a  series  of  years  is  as  follows :  Murreo,  66-8 
inches;  Dharmsala,  123-2  inches;  Simla,  68-6  inches.  This  does  not  include 
snowfall  however.  In  the  sub-montane  belt  we  would  have — RawaljDindi, 
32  inches  ;  Sialkot,  39-3  inches  ;  Gurdaspur,  33-1  inch  ;  Hoshiarpur,  36-5.  Of 
the  less-watered  region  there  is  Lahore,  with  19-3  inches ;  Shahpur,  14-5  inches  ; 
Sirsa,  14-5  inches  ;  while  about  Mooltan  the  rainfall  is  6-9  and  at  Dera  Ismail 
Khan  8  2. 

23.  The  simplest  case  to  consider  is  that  which  occurs  in  the  more  desert 
country,  in  which  the  rainfall  is  only  enough  to  moisten  the  surface  and  promote 
decomposition.  If  the  soil  is  sandy  the  dissolved  salt  is  carried  down  to  the  un¬ 
derground  water  and  the  accumulation  takes  place  there.  If  the  ground  is  not 
porous,  as  where  clay  predominates,  only  the  upper  portion  is  soaked,  and  on 
drying  the  soluble  salts  arc  brought  to  the  surface.  Instances  of  both  these  cases 
are  found  everywhere  along  the  southern  portion  of  the  Punjab  plain.  In  the 
middle  portion  of  the  plain,  where  the  rainfall  may  go  up  to  20  inches,  similar 
actions  take  place.  The  first  drops  of  rainfall  dissolve  any  efflorescence  and 
sink  into  the  gi-ound,  carrying  it  out  of  the  reach  of  surface  scour,  which  on 
account  of  the  flatness  of  the  plains  and  small  rainfall  is  slight.  In  the  more 
porous  portions  the  salt  is  earned  down  to  the  undergi’ound  water;  in  the 
more  impermeable  it  is  brought  to  the  surface  by  evapoi-ation.  It  thus  hajipcns 
that  in  certain  places  there  is  a  scum  of  efflorescence  on  the  sui-face,  while 
generally  the  ground  water  is  saline.  These  remarks  apply  to  the  Doab  or 
Lhangar  land,  the  more  elevated  part  of  the  plain  lying  betwen  adjacent  rivers. 
In  this  the  water  lies  at  a  considerable  depth,  from  30  to  100  or  more  feet,  and  is 
more  or  less  saline  ;  in  many  places  on  digging  deeper  to  another  stratum  fresher 
water  is  found.  In  the  other  great  plains  of  the  earth  where  the  climate  is  dry 


PART  4<.]  Center :  Note  on  Bch  or  Alkali  Soils  and  Saline  Well  waters.  265 

and  like  conditions  of  soil  prevail,  similar  efflorescences  are  developed.  In  the 
dry  pampas  of  South  America  they  consist  chiefly  of  sodium  sulphate  with  some 
common  salt ;  in  the  Siberian  steppes,  of  sulphate  of  magnesia  along  with 
suljjhate  of  soda  and  common  salt.  They  are  likewise  found  in  the  Russian 
steppes  and  the  Tibetan  plateaus. 

24.  The  Khadar,  or  low-lying  river  valley,  cut  out  by  recent  erosion  from  the 
old  alluvial  plain,  usually  shows  little  or  no  saline  accumulation  on  the  surface 
and  none  in  the  underground  water.  Hero  the  cii'cumstances  are  all  different. 
In  fact  the  river  occupies  the  line  of  natoal  drainage  of  the  countiy,  and  its 
deposits  are  parallel  to  the  lino  of  slope.  Accoi’dingly,  the  water  percolating 
from  the  river  forms  a  subterranean  stream,  gi’avitating  down  the  river-course 
and  accompanying  the  main  stream.  Its  extent  depends  on  the  permeability 
and  arrangement  of  the  strata  and  the  resistance  of  the  porous  beds  along  wliich 
it  moves.  In  the  beds  of  dry  nullahs  this  gravitating  water  may  bo  met  on 
digging  in  the  dry  channels.  If  the  underground  water  were  stagnant,  remain¬ 
ing  long  in  soakago  contact  with  the  water-bed,  it  would  become  more  or  less 
saline,  whereas  it  is  found  to  resemble  the  river  water  filtered,  though  of  course 
it  has  taken  up  some  ingredients  from  the  earth,  chiefly  more  carbonate  of  lime. 
In  two  cases  in  which  I  examined  the  water  in  beds  of  dry  nullahs,  I  found  it 
much  loss  saline  than  that  of  the  surrounding  plain.  In  the  Khadar  land  the 
water  lies  near  the  surface,  and  may  bo  within  the  reach  of  cajpillary  evapora¬ 
tion,  which  w'ould  produce  efflorescences,  as  it  often  does  to  some  extent.  Bat 
in  consequence  of  the  occasional  w'ashing  by  floods,  and  of  the  underground 
circulation  I  have  described,  there  is  no  permanent  accumulation  either  on  the 
surface  or  in  the  ground- water. 

25.  One  of  the  most  interesting  and  important  cases  is  that  in  which  the 
Accumulation  by  eva-  ground  water  lies  close  to  the  surface  within  the  reach 

poration  from  a  sliallow  of  capillary  evaporation,  thus  furnishing  an  unlimited 
water  table.  Supply  of  offloresconco.  The  enquiry  made  by  the 

Aligarh  Committee  chiefly  referred  to  this  instance.  It  was  considered  that  the 
ground-water  level  had  been  raised  by  percolation  from  the  canal,  assisted  by 
hydrostatic  pressure,  in  consequence  of  the  canal  being  above  the  level  of  the 
country.  Other  causes  assigned  for  the  rise  were  the  obstruction  to  surface 
drainage  by  canal  and  railway  embankments  acting  as  bunds,  and  the  practice 
of  profuse  irrigation  in  flooding.  All  these  w'ould  lead  to  an  increased  body  of 
water  sinking  into  the  ground,  carrying  earth  salts  in  solution  to  be  again 
brought  uji  by  capillary  evaporation  from  the  shallow  water  table.  It  is  very 
important  to  be  able  to  estimate  how  much  is  due  to  each  of  these  agencies,  as  on 
the  decision  of  this  point  would  depend  the  remedial  measures  to  be  applied, 
such  as  the  lowering  the  level  of  the  canals,  their  realignment  on  the  high  Bhan- 
gar  land  instead  of  on  the  lower  ground,  the  restriction  of  profuse  irrigation,  the 
relieving  of  the  sui-face  drainage,  and  the  establishment  of  artificial  sub-soil 
drainage.  I  am  unable  to  enter  into  the  merits  of  these  most  interesting  points 
because  I  have  never  had  an  oppoihunity  of  making  observations  on  an  area 
where  this  mode  of  generation  of  iv'h  was  going  on  to  a  serious  extent.  The 
only  portions  of  country  1  have  seen  in  which  the  ground-water  lies  very  near 
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tlie  stii-faco  are  the  plains  adjoining  the  liills  and  the  Kliadar  lands  or  river 
valleys.  In  tlie  former  tire  rainfall  is  more  jilentiful,  the  slope  of  the  surface  and 
deep  strata  are  better,  there  is  more  moisture  in  the  air,  and  therefore  less  eva¬ 
poration.  All  these  tend  to  prevent  accumulation  of  salt  below  and  efflorescence 
above.  In  the  latter  the  washing  of  the  surface  by  the  floods  mid  better  subter¬ 
ranean  drainage  may  account  for  the  want  of  accumulation.  In  the  parts  of  the 
Ihiri  Doab  Canal  which  I  have  seen,  the  ground-water  lies  at  a  depth  that  is 
totally  out  of  the  range  of  cajiillary  action,  and  the  strata  consisting  of  alternat¬ 
ing  clays  and  sands  are  so  imjienotrable  that  percolation  can  have  little  effect  on 
the  water  level.  Captain  Ottley  informs  me  that  on  the  Bari  Doab  and  Ujjper 
Sutlej  Inundation  Canals  the  curves  of  the  rise  and  fall  of  the  well  waters 
markedly  follow  those  of  the  rainfall  and  do  not  appear  to  be  affected  by  irriga¬ 
tion.  I  did  not  find  any  marked  difference  in  the  water  levels  of  the  wells  near 
and  at  a  distance  from  the  canal  about  Lahore.  A  still  better  proof  was  that  the 
salinity  of  the  wells  was  not  altered  by  proximity  to  the  canal.  If  percolation  to 
any  extent  existed,  the  wells  close  to  the  canal  ought  to  be  fresher  than  those  at 
a  distance.  In  the  part  of  Lahore  occupied  by  the  railway  station  and  barracks 
the  ground-water  is  salt.  At  the  end  of  the  hot  weather  I  found  that  a  well  a 
few  yards  from  the  canal  contained  as  much  salt  as  others  far  off.  After  the 
rains  the  same  well  waters  wore  found  to  be  so  diluted  as  to  contain  less  than 
one-half  of  the  fomier  amounts.  The  depth  from  which  capillary  evaporation 
can  take  place  is  also  a  question  that  ought  to  be  investigated  by  observation 
and  experiment,  hluch  of  course  depends  on  the  porosity  of  the  soil,  but  in  the 
most  favourable  cases  one  would  fancy,  from  the  known  laws  of  capillary  force, 
that  the  action  would  only  be  through  a  few  feet,  unless  assisted  by  hydrostatic 
prossui'o.  At  the  village  of  Baoli,  on  the  Western  Jumna  Canal,  where  the 
roh  action  is  very  jironouncod,  the  deiith  from  the  surface  of  the  ground  to  the 
■water  table  (as  shown  by  measurements  of  an  unused  well)  is  8  feet.  It  is  said 
that  befoi-e  the  Western  Jumna  Canal  was  ro-opened  in  1819,  the  water  in  wells 
about  the  part  lay  at  a  depth  of  00  to  70  cubits,  and  this  tradition  appears  to  be 
confirmed  by  inspection  of  the  records  of  other  wells  which  had  been  sunk  to  as 
much  as  110  feet,  and  in  which  now  there  are  02  feet  of  water.  On  the  banks 
of  water-courses  and  canals  about  Lahore  in  salt  soils  one  often  observes  two 
lines  of  efflorescouce,  one  a  few  feet  above  the  water  level  at  the  upper  limit  of 
capillary  soakage,  and  another  some  distance  from  the  surface,  at  the  base  of  the 
surface  percolation.  As  regards  the  rise  in  the  well  water  levels  said  to  bo 
caused  by  canals,  it  "would  be  necessary  to  have  accui'ate  information  as  to  what 
those  levels  were  before  the  canals  wore  made.  Probably  no  accurate  record  was 
made  before  the  earlier  canals  were  started,  as  attention  -was  not  directed  to  the 
point. 

2(3.  There  are  last  to  bo  noticed  some  other  modes  of  distribution  and  accu- 
Otlicr  modes  of  accu-  mulation  of  alkali  salts.  Irrigation  by  flooding  and 
mulatioii.  allowing  the  water  to  dry  on  the  soil,  unless  it  is  very 

permeable,  of  necessity  leads  to  production  of  .salt.  Aot  only  doe.s  the  irrigat¬ 
ing-  water  contain  salt  which  it  depo.sit.s  as  an  elUorosceuce,  but  it  also  promotes 
further  decomposition  in  the  soil.  The  amount  of  rob  in  ordinary  canal  water 
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might  be  from  2  to  6  grains  per  gallon.  If  -well  water  is  used,  the  accumulation 
is  much  greater,  because  it  contains  much  more  salt.  In  places  where  the  water 
is  sweet,  the  reh  may  bo  about  6  to  15  grains  per  gallon  ;  whore  it  is  salt,  it  may 
amount  to  more  than  200  grains  per  gallon,  as  at  various  places  on  the  Eailway 
Ljine  between  Lahore  and  ilooltau.  Aii  extraordinary  instance  is  mentioned 
in  the  Aligarh  Report  of  a  reh  soil  tried  by  the  most  energetic  measures  with¬ 
out  effect.  An  analysis  of  this  soil  would  probably  have  proved  that  the  ele¬ 
ments  of  the  soil  itself  wore  in  such  a  state  of  decomposition  that  most  of  the 
measures  em2ffoyed  assisted  the  process.  Again,  water  running  off  a  saline 
field  must  necessarily  dissolve  a  yior’tion  of  its  salt,  and  if  it  be  allowed  to  run 
into  another  and  dry,  that  salt  will  bo  deposited.  The  agency  of  wind  ajjjjeai's 
to  be  a  slight  and  very  variable  one.  There  is  no  doubt  that  wind  blowing  over 
a  saline  country  and  raising  dust  transports  saline  particles.  Travellor.s  over  the 
alkali  jjlateaus  of  the  Rocky  Mountains  are  familiar  with  the  irritation  caused 
to  the  eyes  by  this  mode  of  transport.  All  these,  however,  are  of  secondary 
importance.  The  main  points  to  bear  in  mind  are,  that  there  are  several  factors 
causing  production  and  accumulation,  and  others  loading  to  the  removal  of 
earth  salts.  Of  the  former  ther-o  is  first  the  soil  itself.  This  is  always  generat¬ 
ing  them,  and  in  certain  cases  its  materials  so  readily  undergo  decomposition 
that  2>erhap.s  even  artificial  moans  may  fail  to  cure  the  o\dl.  The  next  cliicf 

factor  is  the  water  arsed  in  irrigation.  This  always  contains  reh  salts, _ tiro 

river  and  canal  water  in  small  amount,  but  the  tvoII  water  often  in  enormous 
qrrantities.  In  addition,  the  irrigation  water  may  not  only  deposit  it.s  salt  in  the 
soil,  but  it  causes  further  ^wodnetion  in  the,  soil  itself.  Another  cause  is  the 
sirccial  condition  in  which  the  subsoil  water  lies  within  the  reach  of  capillary 
action  from  the  surface,  which  may  give  rise  to  an  inexhaustible  supply.  The 
factors  concerned  in  the  removal  are,  first,  permeability  of  the  soil,  which  may 
allow  the  salts  to  bo  washed  down  to  the  undergi-ound  water.  If  this  have  a 
ready  outlet,  they  are  removed  ;  if  not,  there  will  be  a  saline  ground  water ;  but 
the  surface  may  show  no  accumulation  if  the  water  table  is  deep.  If,  however 
the  ground-water  is  a  very  short  distance  from  the  sui’face,  there  may  bo  a  pro¬ 
fuse  efflorescence  under  the  usiral  conditions  of  dryness  of  the  atmosphere  and  heat. 
The  second  cause  of  removal  is  coiiions  rainfall.  If  the  rainfall  is  copious,  it  may 
wash  away  jrar’t  of  the  salts,  and  this  is  one  of  the  I’oasons  that  in  rainy  regions 
alkali  is  rare.  If  it  is  slight  and  only  moistens  the  soil  without  scouring  it,  there 
will  be  a  continuous  ^rroduction  and  accumulation  on  the  surface,  ex'cept  when 
the  soil  is  porous  and  allows  it  to  bo  carried  down  to  the  ground-water.  The 
third  means  of  removal  is  by  vegetation,  which  annually  takes  up  its  necessary 
portion  of  salts  and  assimilates  them.  It  is  frequently  observed  that  in  culti¬ 
vated  spots  the  reh  is  kejrt  under,  while  the  uncultivated  ground  around  may  be 
covered  with  it.  In  connection  with  this,  it  is  to  be  remarked  that  for  land  2>lants 
potash  salts  are  necessary,  but  it  is  doubted  whether  soda  salts  are  essential,  ex¬ 
cept  in  the  case  of  Salsolre,  &c.,  which  grow  in  soda  soils.  This  may  have  some¬ 
thing  to  say  to  the  barrenness  of  our  soda  reh  soils.  Another  factor  to  be  noticed 
is  the  effect  of  shade  produced  by  vegetation,  which  prevents  the  excessive  eva2)o- 
ration  which  brings  the  salt  to  the  surface.  It  thus  remains  more  diffused 
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tlirougli  tlie  moisture  in  tlie  soil.  Lastly,  plants  also  induce  capillary  currents 
towards  themselves.  The  absorbing  parts  are  the  rootlets  and  myriads  of  hairs 
surrounding  each.  These,  by  the  act  of  absorption,  set  up  capillary  currents  in 
the  moisture  of  the  soil  towards  themselves,  which  compete  with  capillary  eva¬ 
poration  at  the  surface  and  tend  to  the  diffusion  of  the  moisture  and  its  salts 
tlu’ougb  the  soil  as  far  as  the  roots  extend.  It  is  to  be  noted  that  if  a  soil  re¬ 
main  damp,  so  that  the  salts  arc  diffused  through  it,  they  may  do  no  harm.  It 
is  their  concentration  as  a  scum  on  the  surface  that  poisons  crops.  The  moisture 
round  the  rootlets  forms  a  solution  so  saline  that  the  osmose  currents  by  which 
the  plants  are  nourished  are  interfered  with  and  they  perish. 

27.  A  very  important  point  materially  affecting  the  question  of  the  cure 
of  reh,  is  how  far  reclamation  or  non-development  may  bo  duo  to  diffusion 
of  the  salt  in  the  soil.  In  rainy  and  damp  portions  of  the  plains  similar  in 
conditions  of  subsoil  drainage  to  reh-stricken  tracts,  we  find  no  efflorescence. 
How  far  is  this  due  to  surface  washing  and  how  far  to  diffu.sion  ?  From  three 
experiments  made  this  year,  it  was  found  that  the  rain  waters  coming  off  tho 
surface  of  reh-ground  contained  a  perceptible  quantity  of  the  salts.  Neverthe¬ 
less  the  great  fact  of  occlusion  by  means  of  tho  first  soakage  portion  of  the 
rainfall  was  proved  by  the  occurrence  of  a  copious  efflorescence  on  the  drying 
of  the  washed  soil.  If  the  rainfall  were  very  copious,  would  it  succeed  in  wash¬ 
ing  off  excess  of  salt  ?  This  question  might  be  settled  by  analysis  of  the  total 
quantities  of  sohrblo  salt  in  soils  of  the  rainy  and  dry  tracts  of  the  plains, 
within  the  range  of  surface  soakage.  As  it  would  be  impossible  to  select  two 
spots  precisely  similar  in  conditions  of  subsoil  drainage  and  constitution  of  soil, 
it  is  evident  that  no  conclusion  would  bo  of  value  except  from  a  great  number  of 
experiments. 

28.  Speaking  broadly,  tho  development  of  efflorescences  occurs  in  India 
chiefly  in  a  well-marked  meteorological  area,  including  the  Punjab,  except  at  the 
base  of  the  hills,  similarly  the  upper  part  of  tho  North-Western  Provinces, 
and  also  Sinde  and  Rajputana.  This  region  is  characterised  by  small  rainfall, 
dryness  of  the  air,  and  excessive  solar  heat,  each  of  these  as  shown  contribute 
to  the  concentration  of  salt  on  tho  surface.  On  tho  other  hand,  in  similar 
jiarts  of  the  Indo-Gangetic  plain,  where  there  is  more  copious  rainfall,  this  of 
itself  by  keeping  tho  soil  moister  causes  diffusion  of  any  salt  present  through 
tho  soil.  Again,  the  sheet  of  air  which  covers  the  ground  contains  more 
moisture  and  acts  in  two  ways  in  preventing  surface  concentration.  It  dimi¬ 
nishes  tho  effect  of  solar  heat,  because,  as  Tyndall  has  shown,  the  invisible 
vapour  of  -water  absorbs  a  groat  deal  of  tho  heat,  thus  preventing  damp  regions, 
such  as  Lower  Bengal,  from  reaching  such  high  temperatures  as  the  dry  regions 
of  Upper  India,  even  though  tho  latter  are  of  higher  latitude.  In  addition,  there 
is  more  cloud  in  the  damp  regions  which  also  abstracts  solar  radiation,  whereas 
in  Upper  India  the  sky  is  cloudless  most  of  the  year.  Again,  the  presence  of  a 
moister  sheet  of  air  over  the  ground  abstracts  evaporation,  which  takes  jjlaco 
in  proportion  to  the  dryness  of  the  air.  It  is  very  desirable  that  a  series  of 
experiments  should  be  made  regarding  tho  total  salts  occluded  in  the  drier  and 
moister  parts  of  the  plains  within  the  ranges  of  surface  soakage  and  evaporation. 
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29.  As  regards  tlie  effect  of  reclamation,  further  experiments  are  also  required, 
in  order  to  show  how  much  is  due  to  removal  or  diffusion  of  the  salts.  I  esti¬ 
mated  the  total  salt  in  reclaimed  soil  and  in  adjoining  reh-ground  to  the  depth 
of  3  feet  at  two  pilaces  near  Lahore.  Equal  columns  of  earth  were  taken  up 
by  boring  with  a  tube.  The  result  was  negative,  as  in  one  case  the  reclaimed 
soil  contained  a  little  less  salt  than  the  adjoining  reh-ground,  and  in  the  othcre 
rather  more  than  a  third  less.  No  conclusion  of  any  value  can  bo  drawn  except 
from  a  large  number  of  estimates,  the  variables  affecting  each  case  being  also 
taken  into  account. 


30.  The  state  of  porosity  of  the  soil  has  also  a  great  deal  to  do  with  the 
appearance  of  the  efflorescence.  Nothing’  is  apparently  more  capricious  than  the 
Avay  it  shows  itself  in  one  spot  of  a  field  and  not  in  another.  This  may  be 
partly  due  to  difference  of  constitution  of  the  elements  of  the  soil,  but  there  is 
no  doubt  that  another  cause  must  be  the  facility  of  capillary  evaporation  duo  to 
the  variable  mixtures  of  sand  and  clay  of  which  tliese  alluvial  soils  are  composed. 
This  also  suggests  a  question  that  might  be  of  importance,  as  to  how  far  reh 
soils  could  bo  im25roved  by  additions  of  sand  or  clay  so  as  to  affect  their  capillary 
action. 

31.  I  conclude  this  p)aper  with  some  practical  remarks  regarding  the  methods 


Methods  of  cure  dealing  with  saline  efflorescence  agi’iculturally ;  but 

these  I  wish  to  bo  considered  suggestive  more  than  any 
thing  else,  as  I  cannot  pretend  to  any  experience  in  that  line.  When  visiting-  Utah 
I  was  very  much  struck  on  finding  that  the  saline  efflorescences  of  that  basin 
were  similar  in  nature  to  those  I  had  seen  and  studied  in  India.  I  made  en¬ 
quiries  into  the  ideas  current  on  the  subject  and  the  methods  of  reclaiming  the 
soils.  Brigham  Young’s  notions  of  natural  philosojohy  were  both  extremely 
simjjle  and  at  the  same  time  shrewd,  as  would  be  expected  from  an  uneducated, 
but  practical  and  successful  man.  He  said  ;  “  There  is  salt  in  eA'ery  thing.  Water 
has  salt,  plants  have  salt,  and  earth  has  salt ;  and  the  Bible  tells  us  that  if  the 
earth  have  lost  its  salt  it  is  useless.  A  certain  quantity  of  salt  is  necessary  for 
vegetation ;  in  our  counti'y  we  have  too  much  of  it,  and  we  get  rid  of  part  of 
it.”  Ho  referred  me  to  Mr.  Woodruff,  who  was  Secretary  to  the  Agricultural 
By  sluicing  and  irri-  Society,  and  to  some  of  the  best  farmers,  to  see  what  was 
done.  The  plans  adopted  wore  the  following :  A  salt 
field  was  jdoughed  and  small  runlets  of  fresh  water  wore  sent  down  the  field, 
at  short  distances  apart,  washing  the  soil  and  running  off  into  the  di-ainage  of 
the  country.  Another  method  Avas  to  jdough  ujJ  a  field  and  make  a  terrace 
I’ound  it  and  then  flood  it.  The  water  was  alloAvcd  to  soak  for  some  time  till  it 
had  dissolved  the  salt  and  yvas  then  run  off.  Another  plan  was  to  terrace  a 
ploughed  field  and  dig  a  deep  trench  round  it.  The  field  was  flooded,  and  the 
unploughed  subsoil  being  less  permeable,  the  water  holding  the  salt  in  solution 
filtered  into  the  trench.  I  observed  similar  processes  carried  out  on  the  salt 
marshes  roirnd  the  Bay  of  San  Francisco.  This  is  gradually  silting  up,  and 
surrounding  it  are  miles  of  low  flats  impregnated  Avith  sea  salt  and  groAA'ing 
only  saline  jilaids.  Through  these  pass  shallow  delta  channels,  scoured  by  the 
rise  and  fall  of  the  tide.  To  reclaim  this  soil,  Ioav  earth  embankments  are  raised 
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round  the  farms.  These  are  fitted  with  flood-gates  closed  by  the  rise  of  the  tide 
and  opening  on  its  fall.  The  salt  in  the  soil  is  washed  out  by  the  fresh  water  of 
the  streams  falling  into  the  bay  by  a  process  of  sluicing  such  as  I  haim  described, 
and  is  run  off  as  the  tide  falls.  In  the  depression  between  the  coast  range  and 
the  second  range  of  hills  artesian  Avells  can  be  made,  and  these  were  used 
Avhere  none  of  tlie  mountain  streams  were  ai’^ailable.  An  English  Company 
Avas  working  on  a  salt  marsh  by  the  aid  of  artesian  water  only  ;  but  it  was 
generally  considered  that  it  AA'ould  not  be  a  success,  as  the  amount  of  artesian 

Avater  was  after  all  only  trifling  compared  Arith  the  area  to  be  reclaimed.  The 

universal  opinion  in  Utah  was,  that  if  they  once  succeeded  in  covering  an 
alkali  field  with  a  crop  of  any  kind,  the  victory  Avas  won.  After  the  land  was 

half  cured,  they  generally  covered  it  with  a  hai’dy  grass,  the  most  approved 

being  red-top  American  grass.  Beetroot  AA'as  also  said  to  groAV  w’ell  as  an  early 
crop  ;  after  that  Indian-corn,  and  other  crops  by  degrees.  Tuberous  crops  grow 
Hy  manure  and  culti-  Country,  and  the  potatoes  are  said  to  be  the 

vation.  fiest  in  the  world.  The  last  method  I  shall  mention  Avas 

that  employed  by  Brother  Fenton,  an  energetic  Devonshire  farmer.  It  happened 
to  bo  impossible  for  him  to  get  fresh  Avater  to  wash  the  salt  out  of  his  fields, 
and  he  tried  large  quantities  of  manure — 20  to  50  tons  jAer  acre.  Bam-yard 
manure  was  considered  the  best,  and  as  his  great  object  was  to  keep  the 
surface  from  the  sun,  Avhich  drew  up  the  salt,  he  also  used  litter  to  cover  it. 
The  first  crops  he  covered  the  ground  Avith  were  the  red-top  grass  and  oats, 
and  he  sowed  his  crops  in  Septembei’,  so  that  the  ground  should  be  covered 
with  vegetation  Avhen  the  alkali  would  bo  appearing.  As  soon  as  by  this 
means  he  got  his  first  crop  of  red  Timothy  grass,  he  found  he  had  suc¬ 
ceeded.  Mr.  Fenton  complained  that  after  partly  curing  one  field  he  ruined 
it  by  trenching  and  bringing  uja  a  saline  subsoil.  His  idea  Avas  that  the 
salt  was  a  sort  of  perspiration  of  the  earth,  and,  therefore,  mostly  on  the 
surface,  and  that  by  tuiming  up  the  subsoil  he  Avould  get  a  better  soil. 
In  India  it  is  certainly  the  ease  that  a  short  distance  below  the  surface  less 
reh  is  found.  It  may  be  different  in  a  closed  basin  like  that  of  Utah,  where 
the  subsoil  also  may  become  saturated  with  salt.  Utah  city  is  partly  situ¬ 
ated  on  a  bench  at  the  base  of  the  Wasatch  hills  adjoining  the  plain,  and  at 
first  the  farms  surrounding  it  Avore  made  on  the  ground  that  was  not  saline. 
About  one-fourth  of  the  land  under  cultivation  was  salt,  and  three-fourths  of 
this  had  been  cured  by  sheer  cultivation,  much  in  the  way  I  have  described  in 
the  case  of  Mr.  Fenton’s  farm.  For  the  other  fourth,  sluicing  and  irrigation  had 
been  available.  The  cultivation  of  saline  soils  is  also  carried  out  in  other  settle¬ 
ments.  In  most  old-settled  countries,  and  especially  in  India,  agriculturists  are 
very  conservative  in  following  the  practices  of  their  forefathers.  In  America, 
where  the  population  is  composed  of  emigrants  from  all  countries,  every  man 
brings  the  methods  used  in  his  OAvn,  and  all  sorts  of  ti-ials  are  made  and  the 
fittest  survives.  Those  are  made  in  a  new  countiy  under  neAv  circumstances, 
and  people  are  not  bound  by  tratlitional  customs,  but  arc  anxious  to  try  wliat- 
ever  succeeds  in  the  hands  of  others,  and  also  make  experiments  according  to 
their  own  ideas.  These  may  bo  crude,  but  still  a  vast  number  of  experiments 
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are  made, — not  isolated  ones  by  a  GoYernment,  but  everywhere  generally  by  the 
people  themselves — and  anything  that  is  successful  is  hailed  as  a  discovery. 
Some  of  the  methods  I  have  described  as  used  in  America  may  not  always  be 
practicable  in  the  plains  of  India.  To  run  off  the  saline  water  requires  a  slope 
and  lines  of  natural  drainage  that  may  not  be  available.  It  might  be  possible  to 
run  off  the  salt-impregnated  water  into  absorption  wells,  thus  returning  the  salt 
to  its  natural  destination,  the  undei’gronnd  water.  It  is  a  law  that  a  well  will 
absorb  as  much  water  without  raising  its  level  as  it  would  give  out  without  sen- 
.sibly  lowering  it.  This  means  has  been  used  in  some 
cases  to  get  rid  of  liquid  sewage,  but  was  found  to  poison 
the  w'ells.  The  jdantation  of  trees  is  also  proved  to  be  a  very  efficient  means  of 
cure.  The  kikar  is  well  known  as  capable  of  flourishing  in  such  soils.  They 
not  only  assist  in  moderating  excessive  evaporation  liy  shade,  but  they  also  ab¬ 
sorb  and  remove  a  certain  amount  of  salt  from  the  soil.  As  the  alkali  exists 
chiefly  in  the  surface  soil  and  in  much  less  amount  at  a  small  depth,  trees  may 
grow  readily  where  annual  crops  could  not.  The  latter  have  their  rootlets  only 
in  the  surface  soil,  and  are  poisoned  by  the  excess  of  salt ;  while  the  roots  of  trees 
extend  deeper  into  less  saline  ground  ;  also  plants  not  only  consume  a  portion 
of  the  salt,  but  they  prevent  its  concentration  on  the  surface.  A  most  conclusive 
experiment  made  near  the  Western  Jumna  Canal  by  the  Irrigation  Department 
is  reported  by  Colonel  Fulton.  A  piece  of  utterly  useless  reh  land,  for  which 
revenue  was  remitted,  was  taken  up  by  the  Department  and  planted  with  kikar 
trees.  These  flourished  and  a  veiy  fine  cro2J  of  doab  grass,  2  feet  high,  came 
annually  up  under  the  trees,  and  the  efflorescence  disappeared.  The  villagers, 
seeing  that  the  land  was  imiu-oved  and  fearing  it  would  be  alienated  by  the  new 
settlement,  apjdied  for  the  restoration  of  both  trees  and  land,  and  carried  their 
point  in  the  courts  of  law.  A  few  days  after  the  restoration  the  wood  was  sold 
to  a  wood  merchant  and  every  tree  cut  down.  At  present  the  doab  grass  is  all 
gone,  and  the  soil  is  encrusted  with  salt.  Such  an  experiment  made  among 
American  farmers  would  have  excited  the  keenest  interest  and  given  rise  to 
numerous  trials  of  the  same. 

32.  The  method  of  cure  by  nitrate  of  lime  as  a  manure,  suggestad  by 
Dr.  Brown,  would  act  in  two  ways.  It  would  partly 
Chemical  manure.  serve  as  a  manure  favouring  vegetation,  and  in  addition 

it  would  act  on  the  alkaline  and  magnesian  sulphate  by  double  decomposition, 
producing  nitrate  of  alkali  and  sulphate  of  lime,  wffiich  last  is  a  slightly  soluble 
salt  which  is  not  hurtful  to  vegetation  and  would  not  form  an  efflorescence. 
Carbonate  of  soda  would  be  .similarly  neutralised,  but  the  sodium  chloride  would 
remain  unaltered.  The  natives  are  well  acquainted  with  this  use  of  nitrous 
efflorescence,  which  can  be  distinguished  from  the  sulphate  of  soda  by  its  moist¬ 
ness  due  to  deliquescence  and  by  the  brown  colour  and  by  not  efflorescing  in  fine 
pow'der.  It  consists  mainly  of  common  salt  and  nitrates  of  lime  and  soda. 
This  production  of  nitrate  is  due  to  the  decomposition  of  nitrogenous  animal  or 
vegetable  matter,  first  producing  ammonia,  which  is  afterwards  oxidi.sed  to  nitric 
acid.  An  essential  condition  of  the  nitrification  process  is  the  pro.sonce  of 
alkaline  carbonate,  or  carbonate  of  lime,  to  fix  the  nitric  acid.  For  example, 
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ordinary  dung  heaps  may  produce  plentiful  supplies  of  ammonia,  but  no  nitric 
acid.  Indeed,  nitric  acid,  if  present,  is  changed  by  the  reducing  action  of  the 
decomposing  organic  matter  to  ammonia.  If  wood  ashes  containing  carbonato 
of  potash  or  lime  be  mixed  with  the  heap,  tlio  acid  becomes  fixed.  Artificial 
nitre  beds,  called  nitrieres,  or  nitre  plantations,  were  first  inti’oduced  by  the 
chemists  of  France  to  supply  nitre  for  gunpowder  during  the  wars  of  the 
Revolution,  when  the  ports  of  France  were  blockaded  by  the  English  and 
imports  prevented.  Animal  manure  is  mixed  with  carbonate  of  lime  and  wood 
ashes  and  frccpiently  watered  with  urine,  which  produces  much  ammonia.  This 
is  cultivated  for  two  or  three  years.  In  tro2iical  countries  the  production  of 
nitrates  is  more  jdontiful  and  rajiid.  A  manure  of  a  valuable  quality  could 
probably  be  made  by  municipalities  or  by  the  zamindars  themselves  by 
mixing  jiounded  kankar,  or  even  marly  soil,  with  manure  and  moistening  it 
frequently  during  one  or  two  hot  seasons.  If  it  wore  moistened  with  liquid 
sewage,  which  would  tend  to  pi’oduce  more  ammonia,  the  production  would 
be  increased.  This  artificial  production  is  an  exact  imitation  of  what  take.s 
place  naturally  in  soils  in  which  nitre  is  produced.  In  the  Punjab  nitrates 
elfioresce  near  villages  where  the  soil  becomes  impregnated  with  animal  sewage, 
which  undei’goes  nitrification  in  presence  of  the  carbonate  of  lime  and  alkaline 
carbonate  in  the  soil.  The  most  plentiful  sujijily  is  in  the  soil  on  the  mounds 
that  indicate  the  sites  of  old  villages.  This  is  the  main  source  of  the  manufac¬ 
ture  of  saltpetre  in  the  Punjab.  Similarly,  near  buffalo  ponds  and  watering- 
places  for  cattle,  where  dung  is  trodden  into  the  soil,  nitrates  effloresce  and  are 
swept  up)  by  the  zamindars  as  manure.  A  similar  process  no  doubt  takes  place 
when  a  field  is  well  manured  with  animal  refuse.  The  conditions  of  the  pDroduc- 
tion  of  nitrate  of  lime  in  the  soil  are  piresent,  and  this  may  account  to  some 
extent  for  the  reclamation  of  alkali  soils  by  manuring  alone.  For  this  puiqiose 
animal  manures  would  be  far  superior  to  vegetable.  In  plants  there  is  com¬ 
paratively  little  nitrogenous  matter,  which  alone  can  generate  nitrates  or  ammonia. 
In  Utah  a  favourite  manure  is  the  refuse  of  slaughter-houses,  which  would  be 
capable  of  sujqjlying  large  amounts  of  ammonia  and  nitrates. 

33.  As  regards  the  uses  to  which  the  alkali  efflorescence  might  be  put. 
Uses  of  reb  sulphate  of  soda  can  easily  be  separated  by  evaporation 

and  forms  a  useful  pmrgative.  It  might  bo  piossible  to 
utilize  those  more  rich  in  alkaline  suljohate  for  the  manufacture  of  carbonate  of 
soda  for  glass  or  soapi  work.  The  average  mixture  of  sodium  chloride  and 
sodium  sulpdiate  resembles  the  product  of  the  first  stepi  of  manufacture  of  this 
carbonate,  which  is  done  by  the  addition  of  sulpihuric  acid  to  common  salt.  By 
evaporation  the  sulphate  which  crystallizes  out  first  in  saturated  solutions  made 
from  efflorescence  containing  excess  of  sulpihate,  can  be  freed  from  most  of  the 
common  salt,  and  this  would  resemble  the  salt  cake.  The  materials  for  the  fur¬ 
ther  reduction,  charcoal  and  lime,  would  be  readily  available,  the  latter  from  the 
kankar  beds.  Certain  'soils  contain  carbonate  of  soda  in  such  quantities  that  it 
can  readily  bo  separated  by  the  crystallization  pu'ocess.  At  one  time  an  enquiry 
was  made  as  to  whether  the  nitre  manufacturers  defrauded  the  revenue  to  any 
extent  by  disposing  of  the  alimentary  salt  left  in  the  refuse  saltpetre  earth  after 
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extracting  the  nitre.  Samples  have  from  time  to  time  been  forwarded  to  this 
office,  and  these  were  found  to  contain  from  85  to  70  per  cent,  of  common  salt. 
It  wonld  certainly  he  possible  and  not  very  difficult  to  obtain  a  rather  impure 
alimentary  salt  by  rough  crystallization  processes,  not  only  from  the  saltpetre  earth, 
but  also  from  suitable  kinds  of  reh. 


The  Eeh  Soils  of  Uppee  Ixdia,  hy  H.  B.  Medlicott,  M.A.,  Geological 

Survey  of  India. 

For  some  time  I  have  intended  to  publish  in  the  Survey  Eecords  a  notice 
of  the  saline  efflorescence  known  as  reh,  which  has  been,  and  will  continue 
indefinitely  to  be,  a  subject  of  the  gravest  concern  to  those  intere.sted  in  the  wel¬ 
fare  of  Xorth- Western  India.  The  preceding  paper,  contributed  by  Mr.  Center, 
removes  the  only  grounds  of  hesitation  in  the  matter — as  to  the  adequate 
illustration  of  the  chemical  aspects  of  the  case.  The  facts  of  this  nature  aEeady 
ascertained  by  myself  and  others  from  the  area  affected  were,  indeed,  sufficient  to 
e.stablish  the  case  before  a  jury  of  experts,  and  it  would  have  been  easy  to  adduce 
further  illustration  from  analogous  conditions  elsewhere  ;  but  the  men  who  have 
to  deal  with  the  matter  practically  are  very  much  the  reverse  of  exjterts,  scarcely 
even  believers,  and  it  is  of  the  greatest  importance  that  the  most  tangible  part 
of  the  evidence,  the  hard  facts  verifiable  by  the  balance,  should  be  set  before 
them  from  the  very  ground  which  they  have  to  treat.  This  has  been  done  in  a 
very  satisfactory  manner  by  ilr.  Center.  It  only  remains  for  me  to  supple¬ 
ment  his  paper  regarding  some  points  which  it  touches  on  but  slightly.  The 
question  is  truly  a  geological  one,  as  embracing  all  the  conditions  of  a  complex 
operation  now  at  work  in  producing  a  change  in  the  whole  region  affected. 
This  has  been  the  difficulty  throughout — to  induce  an  apprehension  of  the 
situation :  that  the  evil  to  be  encountered  is  not  a  fixed  obstruction  of  assignable 
dimensions  and  position,  but  the  present  active  array  of  natural  causes  bent  upon 
fulfilling  the  effects  due  to  conditions  that  have  supervened.  In  such  a  case  our 
best  efforts  may  be  no  more  than  palliative,  unles.s  indirectly,  by  modifying  those 
conditions,  we  can  mitigate  the  action  of  the  prime  causes. 

2.  From  times  far  earlier  than  the  date  of  British  occupation,  there  have  been 
large  patches  of  reh-affected  ground  in  various  parts  of  the  Upper  Provinces. 
They  are  known  as  usar  (sterile)  and  halar  (saline)  land.  As  the  contention 
sustained  in  this  and  the  preceding  paper  is,  that  this  salt  (as  such)  was  not  an 
original  constituent  of  the  deposits  in  which  it  now  occurs,  it  would  be  interesting 
to  find  any  mention  of  the  itsar  lands  in  remote  records  of  those  districts;  but  it 
is  not  at  all  unlikely  that  some  of  them  may  be  of  very  ancient  origin,  from  the 
historical  point  of  view.  What  has  recently  (within  the  la.st  30  years)  brought 
the  subject  into  such  prominence  was  the  rapid  local  extension  of  reh  efflorescence 
in  connection  with  the  great  irrigation  canals  that  have  been  constructed  in  Upper 
India.  Shortly  after  my  arrival  at  Eoorkee  (Eurki),  then  the  head-quarters  of 
irrigation,  I  was  consulted  about  this  plague  of  salts ;  not,  indeed,  as  a  geologist, 
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but  becaiise  I  dabbled  in  cbomistry.  Samples  of  soils,  stib-soils,  and  waters  were 
sent  for  examination.  Tlio  rongli  results  of  tbis  work  and  of  such  field  observations 
as  I  could  make  in  the  neighbourhood  (which  was  not  a  reh  district)  were  brought 
together  in  a  paper  for  the  Asiatic  Society,  London  (Joni'nal,  Vol.  XX,  p.  32G, 
18C.3).  This  paper  and  a  number  of  official  roijorts  on  the  same  subject  were 
published  as  Xo.  XLII  (1864)  of  the  Selections  from  the  Records  of  the  Govern¬ 
ment  of  India  in  the  Public  Woi’ks  Department,  as  “  corres23ondence  relating  to 
the  deterioration  of  lands  from  the  j)resence  in  the  soil  of  reh.”  Many  other 
letters  and  rejjorts,  such  as  that  of  the  Aligarh  Committee  in  1878,  have  from 
time  to  time  been  jirintod  for  departmental  circulation ;  but  the  above  is  the  only 
information  that  I  know  of  as  available  for  general  reference. 

3.  vSo  early  as  1850,  in  rejrly  to  some  questions  with  samples  for  analysis) 
Dr.  0’Shaughnes.sy  had  supplied  facts  from  which  an  understanding  of  the  whole 
case  might  have  been  evolved  :  that  the  canal  water  is  remarkably  pure,  although 
containing  an  aiJju-eeiablo  amount  of  the  reh  salts ;  that  the  sub-soils  of  reh  land 
are  remarkably  free  from  salts;  that  the  reh  is  accumulated  in  the  surface  soil ; 
iind  he  pointed  out  that  a  free  use  of  canal  water,  with  efficient  drainage,  rvould 
certainly  cure  the  evil  (be.,  p.  36).  No  suggestion  was,  however,  made  as  to 
how  the  reh  came  there :  so  on  this  score  full  play  was  left  for  fancy  to  suit 
the  bias  of  the  speculator.  Accordingly,  the  final  decision  passed  upon  these 
facts  by  the  Board  of  Revenue  is  recorded  as  follows  (Z.  e.,  p.  8)  : — “  There  is^ 
then,  positive  scientific  evidence  that  the  canal  wmter  is  perfectly  j)ure,  and  the 
idea,  though  it  has  been  started  more  than  once,  cannot  be  entei-tained  for  a 
moment  that  the  salts  are  de^Josited  by  the  w’ator  used  in  irrigation.  When 
reh  appears,  it  must  be  that  it  has  previously  existed  in  the  soil.  For  in  no 
lands  is  the  efflorescence  of  reh  so  extensive  or  so  rank  as  in  those  large  spaces 
so  common  in  all  the  villages  of  Paneeput  and  Soonput,  where  the  plough  has 
never  been  driven ;  where  seed  has  never  been  cast ;  and  which,  under  the  name 
of  Icullur  (answering  to  the  oosur  of  the  midland  districts),  were  excluded  from 
the  malgoozarce  area,  for  the  express  reason  that  they  w'ore  barren,  or,  in  other 
W'ords,  had  too  much  saline  matter  in  their  soil  to  admit  of  their  being  cultivated.” 
This  judgment  gives  a  fair  illustration  of  a  mischief  that  too  often  occurs  in  India  ; 
as  must  happen  w'hore  the  higher  administration  is  in  the  hands  of  men  w'ho 
have  grown  into  it,  after  a  long  training  in  a  narrow  but  very  real  school  of 
virtual  omnipotence,  resulting  in  impenetrable  self-confidence ;  and  who  con¬ 
sequently  never  hesitate  to  undertake  and  jiass  decisions  ujjon  matters  whore  they 
arc  quite  unqualified  to  hold  an  opinion. 

4.  Finding  that  in  this  matter  the  local  fancy  was  without  rational  bounds, 
and  the  bias  strong  in  a  false  direction,  I  set  myself  (in  the  paper  referred  to) 
to  trace  the  source  of  the  reh  ;  I  pointed  out  (Z.  c,,  p.  40)  how  the  supposition 
of  any  store  of  reh  in  the  ground  was  untenable,  except  of  course  when  reh-watcr 
had  lodged  in  the  upper  wmter  table  ;  I  jiroved  a  case  (Z.  c.,  p.  43)  in  which  a 
reh  soil  had  been  produced  by  accumulation  from  a  source  no  more  abundant 
than  the  canal  water;  I  stated  my  conviction  (/.  c.,  p.  45)  that  the  old  nsar  or 
kaJar  lands  were  only  special  areas  of  inefficient  drainage,  lands  more  or  less 
dependent  on  evaporation  for  the  removal  of  surface  waters ;  that,  in  fact,  the 
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whole  phenomenon  of  reh  was  superficial,  due  to  the  inefficient  circulation  of  the 
ntmospheric  waters  under  extreme  climatal  conditions. 

5.  The  foregoing  brief  remarks  must  suffice  as  a  historical  summary  of  the 
reh  question.  We  may  now,  perhaps,  assume  that  the  rational  explanation  of 
the  situation  is  accepted,  or  must  become  so  ;  and  proceed  to  form  an  estimate  of 
its  conditions.  Jily  remarks  here  also  must  be  condensed,  referring  only  to 
the  leading  features ;  a  fuller  discussion  of  some  particulars  was  given  in  my 
reports  to  the  Aligai'h  Committee  of  1878. 

G.  The  only  points  to  which  I  need  take  exception  in  the  views  set  forth  in 
the  preceding  paper,  are  those  from  which  it  might  bo  inferred  that  the  state  of 
things  so  much  to  be  deplored — no  loss,  in  fact,  than  the  steadily-advancing  con¬ 
version  of  the  choicest  lands  of  India  into  a  howling  wilderness,  such  as  now 
obtains  over  the  once  luxuriant  Mesopotamia — that  this  is  inevitable  from  natural 
causes.  I  have  pointed  out  these  weak  points  to  Mr.  Center,  and  he  has  permitted 
mo  to  explain  them,  rather  than  undertake  to  do  it  himself  : — ’It  is  correctly  stated 
that  under  certain  conditions  of  surface  configuration,  of  ground  structure,  and 
of  climate,  the  local  accumulation  of  .saline  deposits  must  take  place  ;  the  instances 
given  arc  the  great  land-locked  basins  of  central  North  America  and  Asia. 
The  first  condition  may  be  ignored,  as  it  is  immaterial  whether  the  surplus 
waters  are  concentrated  in  a  local  basin  or  added  to  the  briny  deep. 

7.  The  second  condition  is  important.  In  several  passages  of  paras.  14,  21, 
and  24  of  Mr.  Center’s  paper,  the  strata  forming  the  pilains  are  described  as 
horizontal,  so  that  the  conditions  of  drainage  approach  those  of  a  basin,  the 
underground  drainage  being  usually  imperceptible.  These  features  of  the  bhangar 
land  are  contrasted  (para.  24)  with  those  of  the  khadai*  land,  where  “  the  river 
occupies  the  line  of  natural  drainage  of  the  counti7,  and  its  deposits  are  parallel 
to  the  line  of  slope,”  underground  drainage  taking  place  freely  ;  and  this,  although 
the  khadar  valley  is  truly  described  as  cut  out  by  recent  erosion  from  the  old 
alluvial  plain.  The  small  apparent  contradiction  hero  is  easily  explained :  the 
ground  surface  in  the  khadar  i.s  almost  always  of  very  recent  sandy  deposits, 
the  surface  of  actual  erosion  being  confined  to  the  present  river  channel ;  but 
there  is  a  real  and  greater  misconception  which  it  is  needful  to  insist  upon. 
It  is  not  questioned  that  the  plains  themselves  are  river  depo.sits ;  their 
too,  lies  appreciably  parallel  to  that  of  the  actual  liver  beds  throughout^ 
so  it  is  not  intelligible  how  the  lie,  or  the  compo.sition  of  the  strata,  can  bo  sup¬ 
posed  so  different  from  those  of  the  actual  rivers.  In  the  process  of  land 
formation  by  rivers,  of  which  the  plains  of  India  afford  such  a  striking  example, 
there  does  occur  partially  the  production  of  local  basins.  From  the  diluvial  zone, 
where  the  torrents  are  discharged  from  the  mountains,  to  the  more  exclusively 
alluvial  region  of  the  delta,  a  partial  sorting  process  takes  place  in  the  river 
deposits.  The  coarser  materials,  which  in  the  former  position  are  boulders 
and  gravel,  and  in  the  latter  fine  sand,  become  thrown  down  wherever  the  velo¬ 
city  is  checked  and  along  the  margin  of  overflow,  thus  forming  the  banks  between 
w'hich  the  river  flows,  wdiethor  in  a  single  channel  or  through  several  distribu¬ 
taries,  often  at  a  higher  level  than  adjoining  ground  separiding  the  ehannohs. 
Those  intra-fluvial  areas  become  for  the  time  swamps  or  temporary  lakes  in 
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■whicli  some  deposition  of  finer  sediments  occnrs  more  or  less  in  basin  fashion  ; 
but  they  principally  become  filled  nji  by  the  invasion  of  the  river  to  find  a  lower 
level ;  when,  at  least  on  the  line  of  the  new  channels,  there  must  be  consider¬ 
able  removal  and  ultimate  replacement  of  any  finer  sediments.  In  this  way  it 
seems  probable  that  in  the  gi'owth  of  the  river  plains,  it  is  rare  for  any  large 
area  to  escape  being  traversed  by  a  channel  of  considerable  magnitude,  or  for 
such  areas  to  be  filled  up  by  deposits  in  which  the  slojie  of  the  river  itself  is  not 
on  the  whole  maintained.  The  original  usav  plains  may  have  been  such  excep¬ 
tional  areas,  in  which  therefore  special  local  obstruction  existed  to  underground 
drainage.  It  must,  indeed,  be  admitted  that  the  actual  subsoil  drainage  of  the 
])lains  is  usually  imperceptible;  but  this  seems  to  be  directly  accounted  for  by 
what  is  the  head  and  front  of  the  complaint  regarding  reh :  that  owing  to 
shallow  cultivation,  to  the  sun-baked  condition  of  the  surface,  and  to  the  absence 
of  any  considerable  tree  vegetation,  the  rainfall  can  only  soak  to  a  small  depth, 
the  remainder  running  to  waste  off  the  surface,  or  being  taken  up  again  by 
evaporation.  Tor  efficient  drainage  there  must  be  efficient  penetration  to  supply 
it  withal :  and,  deficient  percolation  of  water  through  the  soil  and  the  .sub-soil  to 
the  ground  beneath  is  the  condition,  in  default  of  which  the  gi'owth  of  reh  is 
inevitable.  It  would,  of  course,  be  easy  to  imagine  circumstances  more  favourable 
to  drainage  than  are  those  of  the  gently-sloping  alluvial  deposits  of  these  plains  ; 
but  it  seems  to  me  that  reh  being  in  part  a  necessity  of  the  ground  structure 
here,  cannot  bo  .sustained. 

8.  There  remains  the  condition  of  climate,  which  is  the  active  element  of  the 
combination.  It  is  represented  (pai'a.  15)  as  being  analogous  to  that  of  the 
typical  cases  cited,  only  intensified  by  heat.  Here,  again,  I  have  to  admit  the 
actuality,  but  as  a  charge  against  nature  it  is  even  more  untenable  than  the  last. 
There  is  contrast  rather  than  correspondence  between  the  physical  suiTOundings 
of  India  and  those  of  the  typically  arid  tracts  mentioned.  In  these,  aridity  is 
indeed  more  or  less  inevitable,  for  the  life-giving  moisture  hardly  approaches 
them,  being  to  a  great  extent  abstracted  from  the  air  currents  before  they  reach 
these  areas.  But  India  is  on  two  sides  bounded  by  a  reeking  caldron  of  tropical 
ocean  ;  and  on  the  third  there  is  a  great  aii’-elcvator,  flanked  by  a  huge  con¬ 
denser,  sending  back  upon  her  plains  almost  every  drop  of  the  water  that  had 
previously  floated  over  them,  repelled  to  a  very  largo  extent  by  the  accumulated 
heat  of  the  bare  and  parched  ground  sni’face.  The  endeavour  to  make  these 
returning  waters  do  duty  for  rainfall  must  bo  a  very  p)oor  substitute  for  the  due 
reception  and  conservation  of  them  in  this  form  in  the  first  instance.  It  can 
scarcely  be  questioned,  that  left  to  nature,  every  foot  of  our  Indian  deserts  would 
now  have  been  covered  with  perennial  verdure,  and  that  the  present  desola¬ 
tion  is  the  result  of  the  devastating  pi’oclivitios  of  a  woi-sc  than  savage  mankind. 
It  may,  too,  bo  affirmed  that  with  time  the  blessings  of  nature  might  bo  restored. 
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Note  on  the  Naini  Tal  Landslip  (18th  September  1880),  hj 
R.  D.  Oldham,  A.B.S.M.,  Geological  Survey  of  India. 

On  Saturday,  tlie  18tli  of  September,  at  half  past  one  in  tlie  afternoon,  after 
more  than  tbii-ty-six  hours  of  heavy  continuous  rain,  a  portion  of  the  hill  forming 
the  north-east  slope  of  the  valley  of  Naini  Tal  fell,  sweeping  a^vay  sevei'al 
houses,  and  causing  the  death  of  43  Europeans  and  more  than  150  Natives. 

Briefly  told,  the  stoiy  of  the’slip  is  this  ;  On  the  morning  of  the  18th,  at  ten 
o’clock,  a  small  slip  occurred  behind  the  Victoila  Hotel,  burying  part  of  the  build 
ings  in  which  were  some  Natives  and  an  European  child.  A  party  of  volunteers 
and  a  Avorking-party  from  the  depot  were  soon  on  the  spot,  but  after  a  while  the 
greater  portion  of  the  latter  were  AvithdraAvn.  After  rescuing  all  that  there 
seemed  any  probability  Avere  still  alive,  they  found  that  the  house  Avas  in  danger 
of  being  washed  aAvay  by  a  stream  of  water,  and  so  turned  their  atiention  to  the 
diversion  of  the  stream  ;  and  while  engaged  in  this,  the  great  slqA  came  down  ami 
overAA-helmed  them.  It  is  possible  that  the  wash  of  this  diverted  .stream  may 
have  directly  conti’ibuted  to  bringing  down  the  landslip,  but  it  seems  to  me  very 
improbable  that  it  had  any  .such  eifect ;  at  most  it  can  but  have  hastened  the 
cata.strophe  by  a  few  hours. 

The  part  of  the  hill  Avhicli  has  fallen  extends  up  to  the  old  Government  House, 
marked  as  such  on  the  map.  From  hero  the  Avestorn  boundary  runs  down  a  little 
to  the  east  of  Marshal  Cottage  and  Charlton ;  the  eastern  boundary  passe.s  down 
just  to  the  ea.st  of  the  Victoria  Hotel.  The  mass  of  debris  which  has  fallen  fi-om 
the  hill  extends  over  the  level  ground  at  the  head  of  the  lake,  as  far  as  the  Assem¬ 
bly  Rooms,  of  -R'kich  but  the  southern  end  remains  standing. 

The  slip,  a.s  it  at  present  stands,  stretches  in  a  long,  gentle  slope,  Avhich,  omitting 
irregularities  of  surface,  is  not  more  than  15°  iiji  to  whci-e  the  old  Victoria  Hotel 
stood;  from  there  it  rises  in  a  steep  slope  of  25°  or  so,  and  at  the  top  comes  a  short 
space  nearly  vertical.  This  steep  slope  is  formed  by  the  small  slopes  of  drier  debris 
Avhioh  fell  after  the  great  one.  The  total  length  of  the  slip,  measirred  horizontally, 
is  about  600  yards,  of  which  over  300  are  occupied  by  the  gentle  slope,  and  the 
remainder  are  more  or  less  steep. 

The  hill  on  the  north-east  of  the  lake  consists  of  more  or  less  imperfectly- 
cleaved  clay  slates,  occasionally  showing  signs  of  an  initial  metamorphism  into 
schist,  but  for  the  most  part  a  simple  clay  slate.  The  dip  is  very  disturbed,  and 
varies  much  in  different  parts  in  close  proximity  to  each  other ;  but  the  general 
dip  is  to  the  south-west.  The  rock  also  is  traversed  by  very  numerous  joint 
planes,  which  cause  it  to  split  up  into  innumerable  fragments  under  the  action 
of  the  Aveather. 

Although  the  whole  of  the  ridge  bounding  the  Naini  Tal  valley  on  the  north¬ 
east  is  practically  one  as  regards  its  internal  structure,  yet,  supei’ficially,  the 
south-east  portion  is  very  different  from  the  north-Avest.  Looking  from  the  head 
of  the  lake,  oi-,  still  better,  from  near  the  old  Government  House,  one  cannot  fail 
to  be  struck  by  the  difference  of  profile  ;  toAvards  the  lower  end  of  the  lake  the  hill 
sweeps  doAvn  at  an  even  slope  of  about  25°  from  almost  the  top  down  to  the  level 
of  the  lake,  Avhile  nearer  the  spot  Avhere  the  landslip  took  place  there  is  a  peculiar 
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bulged  appcai’nnce  of  tlic  lull,  whicli  makes  tlic  slope  steeper  near  the  bottom 
than  it  is  liiglier  up,  being  occasionally,  as  above  the  mission  premises,  as  steep 
as  35°. 

These  two  areas  can  bo  recognised  on  the  map ;  the  even  slope  near  the 
lower  end  of  the  lake  is  drained  hy  innumerable  channels  running  almost  straight 
down  the  hill,  while  on  the  bulged  portion  the  streams  are  fewer  and  their 
courses  not  nearly  so  directly  down  the  hill. 

The  cause  of  tliis  bulged  appearance  I  take  to  bo  as  follows  :  By  the  action 
of  the  weather  the  face  of  the  hill  gets  covered  with  a  greater  or  less  thickness  of 
decomposed  rook,  which,  as  already  explained,  weathers  into  a  mass  of  small 
fragments.  The  rain  water,  which  obtains  access  to  the  interior  of  the  hill,  for  the 
most  part  keeps  in  this  decomposed  layer  and  flows  down  at  a  short  distance  from 
the  surface,  passing  out  again  lower  down  in  the  springs  which  exist  in  numbers 
over  this  hill,  and  a  large  part  doubtless  piercolating  do^vnwards  reaches  the  lake 
without  coming  to  the  surface.  The  presence  of  large  quantities  of  water  among 
this  decomposed  rock  must,  hy  making  it  more  mobile,  assist  in  prodiicing  that 
|)honomenon  wdiich  is  seen  in  any  mass  of  debris  lying  at  a  slope,  Avhother  it  be 
^vet  or  diy,  namely,  the  gradual  passage  of  such  debris  down  the  slope  under  the 
influence  of  gravity ;  that  some  movement  of  the  debri.s  down  the  slope  takes 
jilace  after  heavy  rains,  seems  certain,  as  is  shown  by  cracks  appearing  in  the 
surface  of  the  hill  side,  the  lower  .side  of  which  subsides  slightly.  Now  on  a 
level  surface  the  action  of  gi-avity  can  have  no  effect  in  producing  any  motion, 
wliilc  on  a  slope  the  force  tending  to  produce  such  motion  varies  directly  as  the 
resultant  of  the  vertical  force  of  gravity  acting  directly  down  the  slope,  that  is,  it 
varies  as  the  sine  of  the  angle  of  inclination.  Suppose,  then,  an  even  slope 
passing  near  its  base  into  level  ground,  and  that  slope  covered  with  debris  ;  the 
debris  slides  slowly  down  the  hill,  but  on  the  steeper  parts  of  the  slope  it  must  do 
so  faster  than  near  the  bottom,  where  the  .slope  is  less  and  there  is  the  I’osistance 
of  the  debris  lying  on  the  level  to  be  overcome,  ■which  can  only  bo  done  by  a  vh 
a  t&rijo,  an  impulse  from  behind.  The  debris  coming  skmly  do'wn  from  above 
and  meeting  with  this  obstacle  gradually  accumulates  till  it  causes  a  bulging  of 
the  slope  towards  its  base,  which  goes  on  increasing  till  the  lower  part  of  the 
hill  is  so  steep  that,  to  use  a  colloquial  25hrase,  “  it  is  touch  and  go”  whether 
the  hill  can  stand  or  not ;  then  a  burst  of  rain  heavier  than  usual  comes, 
the  head  of  water  is  increased,  the  force  of  the  water  flowing  out  near  the 
bottom  is  increased,  it  begins  to  wash  away  the  debris  near  the  bottom  till 
the  support  being  removed  from  below  small  slips  begin  to  fall ;  then  a  few 
larger,  and  finally  comes  the  great  slij),  ■which  brings  down  the  outer  crust 
of  half  the  hill  side,  leaving  a  preciijitons  border  round  that  part  from  which  it 
has  come ;  finally,  the  great  slijj  is  followed  by  smaller  ones,  which  leave  the  hill 
with  a  ju'etty  uniform  slope  from  top  to  bottom  for  the  whole  process  to  begin 
again.  Such  I  believe  to  bo  the  liistory  of  one  of  these  landslijis  where  there  is 
no  stream  cutting  at  the  base  of  the  hill ;  where  that  is  the  case,  slips  may  be 
formed  at  any  time  by  the  cutting  away  of  the  foot  of  the  slojje. 

The  slqj  under  consider, ation  has  followed  very  much  the  course  pointed  out ; 
the.  bulging  had  reached  the  critical  i^oint  :  all  through  last  rains  small  slqjs 
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occurred;  on  the  Ibtli  a  larger  one  fell,  sliortly  to  be  followed  by  tlic  great  land- 
8Hp,  wliicli  was  itself  followed  by  one  or  two  minor  ones,  tbougb  the  2^i'occss  of 
smootliiiig  down  tlio  slojio  lias  not  yet  been  completed. 

Apj)lying  this  liyjiotbcsis  to  tlio  determination  of  the  question  of  bow  nuicii 
of  tins  same  ridge  must  be  jn-onounced  as  uu.safe  and  liable  to  .slijipage,  we 
must  condemn  tlie  bill  side  from  a  line  running  upwards  fi'om  tbe  bauk-bonsc  to 
a  similar  line  running  down  from  a  little  to  west  of  Fairligbt  Hall,  it  being  all 
more  or  less  bulged ;  of  tins,  tbat  ^jart  extemling  from  tbe  old  land.slip  to  tba 
stream  flowing  down  to  tbe  cast  of  tbe  Mi.ssiou  premises  mu.st  fall  in  a  few'  more 
years,  but,  with  this  excejjtion,  a  judicious  system  of  revetment  of  tbe  torrent 
beds  and  a  com2)lete  sj’stcm  of  drainage  of  tbe  cleared  sites  will  do  much  to 
2)ro]ong  tbe  existence  of  tbe  2Jresout  bill  side. 

As  regards  tbe  slo2}es  below’  Cbina,  there  is  but  little  cbancc  of  such  a  sli2i 
taking  2)lace ;  these  slo2)cs  are  the  talus  of  the  stee2}  scaiqi  of  Cbina,  and  are 
coiitinnally  receiving  additions  from  above,  and  though  on  them  there  may  be 
danger  from  the  largo  boulders  which  occasionally  fall  from  China,  the  slopes 
2Jass  ofi  so  gently  into  the  com2iarativc]y  IcA'cl  ground  at  the  bead  of  the  lake,  aiul 
are  moreover  concave  rather  than  convex  in  profile,  tbat  1  consider  the  2)fo- 
bability  of  any  of  them  forming  a  large  sliiJ  to  be  very  small  indeed. 

iMany  interesting  2*oints  might  doubtless  be  elicited  as  to  the  manner  in 
w'bicb  the  mass  moved,  were  there  any  sati.sfactory  accounts  of  ej'C-witncsses ;  but 
such  there  arc  not,  and  for  tbe  same  rea.son  tbat  it  is  almost  im250ssiblo  to  get  a 
trustw’ortby  account  of  a  great  earthquake, — tbe  thing  is  so  sudden  and  so  a^^■ful 
tliat  none  but  trained  observers  can  keep  their  pi'escnec  of  mind  necessary  for 
making  those  exact  observations  wbicb  only  can  bo  of  any  scientific  use. 

Tbe  only  points  wbicb  can  be  satisfactorily  established  are,  tbat  the  whole 
fall  must  have  been  over  in  less  than  quarter  of  a  minute,  and  tbat  the  \  ictorja 
Hotel  and  Bell’s  Shop  (Racquet  Court)  Avere  carried  along  some  distance  before 
they  fell ;  in  the  latter  case  there  is  proof  of  the  fact,  inasmuch  as  the  ruins  are 
now  some  yards  from  tbe  S2>ot  on  which  the  building  orig-inally  stood.  As  the 
ground  on  wbicb  both  these  building.s  stood  consisted  entirely  of  debris,  locallj^ 
known  as  ‘  shale,  ’  Avbicb  must  have  been  saturated  Avitli  a\  ater  after  tbe  bea\  y 
I’ains  Avbicb  for  thirty  hours  and  more  bad  been  pouring  into  it,  it  is  not  surpri,-;- 
ing  tbat  when  tbe  wreck  of  the  bill  side  Avas  prcci2jitatod  on  to  it,  it  should  yield 
as  a  semi-fluid  body  Avould  do  and  float  the  buildings  for  some  little  distance 
before  tbe  actual  slip  overtook  and  ovciAvbelnied  them.  Tbat  the  Avbole  mass 
must  have  been  in  a  semi-fluid  state  from  tbe  amount  of  Avater  contained  in  its 
substance,  is  shown  by  tbe  low  angle  at  wbicb  it  now  lies,  and  by  the  fact  that 
those  Avbo  A’entured  on  to  tbe  fallen  mass  immediately  after  its  fall  sank  U2t  to 
their  Jtnees  in  tbe  slush,  as  it  has  been  described. 

Houbtless,  tbe  point  of  most  scientific  interest  in  connection  Avitb  this  land¬ 
slip  is  its  bearing  on  the  theory  of  lake  formation  by  landslips.  One  of  tbe 
2jrinci2tal  objections  raised  to  the  su2t2*osition  tbat  tbe  bariiei  at  tbe  outlet  of 
Haini  Ta],for  iustauco,  can  be  formed  by  a  landslip  is,  tbat  those  slips  “possessed 
of  most  mobility,  from  tbe  greater  fluidity  oi  their  com2)Ositiou,  are  in  tbe 
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precise  ratio  of  such  fluidity  least  capable  of  #  #  bearing  upon  their 

surface  craggy  masses  of  rock,  such  as  I  should  term  erratics”  (supra,  p.  165). 
The  examination  of  the  landslip  under  comsideration  disposes  of  this  objection ; 
for  though  most  certainly  such  ‘  craggy  masses  of  rock  ’  were  not  born  on  the 
surface  of  the  semi-liquid  mass,  yet  there  were  numbers  such  floated  in  its  sub- 
stauce,  many  of  which  now  show  at  the  surface,  several  being  9  or  10  feet  in  length 
exposed  ;  and  I  have  no  hesitation  in  saying  that  were  this  landslip  on  a  larger 
scale — for  it  must  not  be  forgotten  that  compared  with  several  others  in  the 
lulls  around  it  is  insignificant  in  size — and  left  untouched  by  the  hand  of  man,  it 
would,  when  cut  into  by  rain  and  streams,  show  many  if  not  all  those  features 
which  are  sujjposed  to  be  especially  characteristic  of  a  moraine. 

As  to  the  question  whether  the  barrier  of  the  Naini  Tal  basin  is  a  landslip 
or  a  moraine,  I  shall  not  here  enter  into  its  discussion  ;  this,  however,  I  must  say, 
that  the  profile  of  the  slope  to  the  east  of  the  outlet  bears  every  appearance 
indicative  of  a  large  landslip  having  fallen  there.  On  the  hill  side  there  is  no 
bulging,  but  a  straight  sweep  down  to  a  comparatively  level  terrace,  through 
whicli  the  stream  forming  the  outlet  of  the  lake  has  cut  down  for  some  distance. 
Whether  the  lake  was  formed  by  the  landslip,  or  whether  this  was  subsequent  to 
the  formation  of  the  lake,  I  am  not  prepared  to  assert  dogmatically  ;  but  this 
I  believe,  that  in  past  times  thei'e  has  been  a  great  landslip  from  the  slopes  of  the 
Kalikhan,  and  that  on  this  old  slip  are  placed  the  hospital  and  convalescent  depot. 

The  recent  slip  shows  cleaidy  that  a  large  landslip  can  extend  across  and  fill 
up  a  valley,  and  at  the  same  time  may  show  that  mixture  of  rocks  of  all  sizes 
which  forms  one  of  the  chief  features  of  a  moraine ;  and  it  is  not  improbable 
that,  under  favourable  circumstances,  it  might  resist  the  wash  of  a  stream  over 
it  and  so  form  a  permanent  lake.  In  the  case  of  Mulwa  Tal,  one  would  certainly 
su^jpose  from  the  look  of  the  ground  that  if  its  existence  is  not  due  to  a  landslip, 
yet  the  level  of  the  water  must  at  one  time  have  been  raised  some  twenty  or  thirty 
feet  higher  than  it  now  stands,  by  a  great  landslip  which  has  undoubtedly  fallen 
from  the  hills  to  the  ea.st  of  the  outlet  in  times  which  may  not  date  further  back 
than  one  or  two  hundred  years,  and  are  certainly  later  than  much  that  geologists 
woidd  speak  of  a.s  recent. 

But  if  a  lake  is  to  be  formed  by  a  landslip,  it  must  not  merely  be  one  of 
those  which  are  cverywhei'o  to  be  seen,  caxised  by  the  cuttings  of  a  stream  into 
the  base  of  the  slope,  hut  lather  one  of  those  which  take  many  years  and  even 
centuries  preparing,  as  has  been  the  case  with  this  small  one  at  Naini  Tal,  and 
which  when  they  fall  do  not  come  down  in  a  stream  of  fragments,  but  with  one 
great  rush,  which  would  carry  them  right  across  the  valley  and  raise  the  surface 
to  such  a  height  that,  by  the  time  the  dammed-up  water  reached  high  enough  to 
overflow,  the  debris  would  have  had  time  for  the  water  mixed  with  it  to  drain  off 
somewhat,  and  would  hav^e  settled  down  sufficiently  to  withstand  the  wash  of  the 
stream  running  over  it.  Such  ca.ses  have  been  known,  but  the  dam  has  always 
given  way ;  yet  it  is  not  inconceivable  that  in  some  cases  which  have  happened 
in  f hat  remote  pa.st,  of  which  we  have  no  knowledge  but  what  is  written  in  the 
rocks,  some  few  baiTiers  so  made  were  able  to  stand  and  form  what  are  now 
kuuwn  as  the  Kumaun  lakes. 
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Yet  it  must  always  be  kept  in  mind  tbat  no  theory  which  can  be  put  forward 
to  account  for  their  formation  can  be  considered  satisfactory,  unless  it  also 
accounts  for  the  absence  of  similar  lakes  in  other  parts  of  the  Himalayas  ;  for  it  is 
no  explanation  to  say  that  this  is  due  to  the  smallness  of  the  drainage  areas  which 
supply  the  lakes,  and  the  consequent  small  size  of  the  streams  flowing  fi-om  them, 
for  other  portions  of  the  Himalaya  are  not  devoid  of  small  streams,  nor  can  that 
winch  flows  from  Mulwa  Tal  be  called  small. 


NOTE. 

My  youngest  colleague,  Mr.  Eicliard  D.  Oldliam,  happening  to  be  in  Kumaun  at  the  time, 
I  asked  him  to  give  me  an  account  of  the  disastrous  landslip  at  Naini  Tal.  The  foregoing  ex¬ 
cellent  paper  is  the  result.  It  is  Mr.  Oldham's  first  contribution  to  the  publications  of  the 
f'urvey  ;  and  the  accurate  observation,  strict  reasoning,  and  good  form  it  evinces,  give  high  promise 
of  fi'uitful  work  to  come. 

It  will  not  he  amiss,  on  an  occasion  of  such  vital  interest,  to  add  a  few  remarks  that  occur  to 
me,  especially  as  suggested  by  the  report  of  the  Committee  appointed  by  the  lioenl  Government 
to  enquire  into  the  condition  of  the  ISherka-dauda  hill,  a  copy  of  which  was  sent  to  mo  officially 
at  about  the  same  time,  ‘for  information.  ’  ITie  portion  of  the  hill  marked  by  the  Committooas 
presently  dangerous  corresponds  very  ne.arly  with  that  indicated  by  Mr.  Oklliam  j  hut  tlieir  ob¬ 
servations  would  seem  to  have  a  wider  extension,  and  to  involve  a  larger  area  of  affected  ground. 
Mr.  Oldham  was  only  there  for  a  few  days,  on  his  way  to  take  up  work  for  the  season  in  Sirnuir, 
and  lie  probably  coulined  his  attention  to  the  particulars  of  the  event  under  discussion.  I  did  not 
instruct,  or  expect,  him  to  do  more  than  ho  has  done,  the  Survey  not  having  been  called  upon  for 
an  examination  of  the  ground. 

It  would  ho  understood  from  the  report  of  the  Committee  that  the  surface  cracks,  justly 
regarded  us  symptomatic  of  failing  ground,  occur  much  beyond  the  area  condemned,  also  the  Com¬ 
mittee’s  description  of  the  geological  structure  of  the  hill  would  he  taken  in  the  same  sense ;  it  is 
as  follows  : — “To  the  ordinary  observer  the  hill  seems  to  consist  of  a  core  of  rocky  shale,  the  dip 
of  tlie  strata  being  to  the  south-west,  at  an  angle  varying  from  30°  to  50°.  This  core  is  covered  by 
varying  thicknesses  of  disintegrated  shale  and  mud,  in  which  are  scattered  boulders  of  limestone, 
and  oci  asionally  of  trap,  the  whole  of  this  crust  being  in  its  natural  state  bound  together  by  a 
luxuriant  growth  of  grasses,  shrahs,  and  trees.”  It  does  not  appear  that  this  is  thought  an  unusual 
composition  for  the  crest  of  a  steep  ridge,  7,000  feet  in  elevation.  As  applied  to  the  dangerous 
ground,  it  would  exactly  suit  the  conditions  described  by  Mr.  Oldham — the  decomposed  clay-slate 
creeping  down  the  hill  side,  carrying  with  it  blocks  detached  from  the  occasional  outcrojis  of  harder 
rocks.  It  is  scarcely  possible  under  the  cireuni.stanees  thatsnch  a  crust  could  be  rock  in  situ,  whether 
an  enveloping  shell  of  some  uiiconformable  deposit,  or  a  condition,  however  decomposed,  of  tlie  rocks 
described  ns  the  ‘  core.’  It  can,  in  such  a  position,  only  have  been  formed  from  these  latter  by 
displacement,  being  cither  the  remains  of  an  old  landslip,  or  the  material  in  order  of  active 
preparation  for  a  slip  to  come.  In  the  former  case  the  ground  may  be  perfectly  safe,  in  the  latter 
it  would  he  at  least  doubtful.  If,  then,  this  description  applies  extensively,  as  might  be  inferred 
from  the  Committee’s  I’eport,  the  matter  may  he  worth  further  consideration  j  for  the  premonitory 
‘  bulging,’  BO  effectively  detected  and  described  by  Mr.  Oldliam,  may  not  he  a  necessary  part  of  the 
jierformance.  In  the  case  of  the  condemned  area,  that  feature  is  reasonably  ascribed  to  the 
resistance  so  well  presented  at  the  base,  where  the  slope  tails  off  into  the  flat  ground  at  the  head  of 
the  lake;  hut  where  this  condition  docs  not  obtain,  us  along  the  lake  shore  to  the  sonth-east, 
a  crisis  might  occur  without  that  visible  warning,  although  there  would  be  every  reason  to  expect 
it  to  be  mild  in  comparison  to  what  happens  wlien  an  accumulation  has  occurred  by  bulging. 

Altogether,  it  is  liy  no  means  unreasonable  to  hope  that  the  iiractieal  judgment  of  the  Com- 
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miltcc  may  Ijc  well  foniuleil — tliat,  cxec'iit  in  the  proscrilicd  gi’niiml,  security  can  l)o  insured  l)y 
liroper  precautionary  measures.  Mr.  Uldliam  has  e,\pressed  tile  same  opinion. 

in  tlic  30tli  Sej)teinlier  numher  of  Nature,  a-propos  of  tlie  Naiui  Tal  catastroplie,  tlierc  is  a 
pici  nre.sipic  desei'Iption  of  laud.slips  in  general.  Tlio  writer  is  evidently  tliorouglily  informed 
upon  tile  sul>ieot  lie  iriaits  of,  idtlunigli  grievonsiy  in  error  regarding  the  geological  condition 
of  Naini  Tal,  wliieh  is  doscrlhed  as  on  the  terti.ary  rocks.  Thi.s  mistake  is  unnceonntahle ;  for 
llio  place  is  clearly  shown  on  our  geological  sketch-inai)  of  India  .as  inside  the  Snh-Hiinalayan 
houndarv.  From  the  foregoing  notice  it  will  he  plain  that  tho  Naini  'Tal  slij)  cannot  he  classed 
with  any  of  Ihc  iiarticnhir  cases  mentioned  in  Natnrr.  I  have  seen  no  fact  to  suggest  that  there 
is  any  jiredisposing  plane  of  stratification  connected  with  these  slips.  'The  contrary  may,  indeed, 
he  affirmed;  for  althongh  the  general  dip  of  the  strata  is  stated  to  he  south-westerly,  tho  fre¬ 
quent  contortion  tho.so  slates  have  undergone  almost  ferhids  the  supposition  of  a,  continuous 
surface  of  any  extent  in  a  ti.xed  direction,  such  as  is  inqilicd  hy  tin  action  in  question. 

'Tlio  Naini  T'al  landslip  of  the  18th  Septemhor  wais'  in  fact,  except  on  the  score  of  mischief, 
a  .-umiiarativcly  small  alTaii,  considerably  less  iu  inaguitndc,  is  mentioned  in  Mr.  OldhanTs  paper- 
than  several  others  that  occurred  at  the  same  time  iu  the  Krmanu  hills. 


H.  li.  MUDLICOTT. 
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number  to  Part  I  of  1878,  &  XLIX,  Part  I,  No.  2,  &  Part  II,  No.  2  (1880), 
8vo,  Calcutta. 

The  Society. 

„  Proceedings  of  the  Asiatic  Society  of  Bengal,  No.  VI  (1880),  8vo,  Calcutta, 

The  Society. 

„  Memoirs  of  the  Geological  Survey  of  India,  Vol.  XVI,  Part  2  (1880),  8vo, 
Calcutta. 

The  Subvey. 

„  Palmontologia  Indica,  Series  X,  Part  5,  A  XIV,  Part  I  (1880),  4to,  Calcutta. 

The  Sukvet. 

„  Records  of  the  Geological  Survey  of  India,  Vol.  XIII,  Part  3  (1880),  8vo, 
Calcutta. 

Geol.  Survey  or  India. 

Copenhagen. — Mdmoires  del’  Academic  Royale  de  Copenhague,  otb  Series,  Vol.  XI,  No.  6. 
&  XII,  No.  o  (1880),  4to,  Copenhague. 

The  Academy. 

„  Oversigt  over  det  kong.  danske  Videnskabcrncs  Selskabs,  1879,  No.  3, 

1880  ;  No.  1  (1879-80) ;  8vo,  Copenhague. 

The  Academy, 

Dijon. — Mcmoires  dc  I  Acaddmie  des  Sciences  de  Dijon,  3rd  Series,  Vol.  V  (1879),  8vo, 
Dijon. 

The  Academy. 

Dresden. — Sitzuugs — Bericbte  der  Naturwissensebaltlichen  Gesellscbaft  Isis  in  Dresden, 
Jabrg.  1878,  July  to  December  (1879),  8vo,  Dresden. 

'I'liE  Society. 
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T'lilet;  nf  Boul-s.  Doiwrs. 

Glasgow. — Traiisactiun.s  of  llie  Geological  Society  of  Glasgow,  Vol.  I,  Part  1  (1808);  II 
(1868)  ;  111.  Part  2  (1809)  ;  IV,  Part  I  (1871)  ;  and  VI,  Part  I  (1879);  8vo, 
Glasgow. 

The  Society. 


Hallb.  Leopoldiiia  der  kaP.  Leop.  Carol.  Dents.  Akademie  der 
(1876)  to  XV  (1879),  (1876-79),  4to,  Halle. 


Naturforsclier,  Heft.  XII 
The  Acahemt. 


Kova  Acta  Academi®  Cassare®  Leopoldino-Carolin®  Germaiiicie  Natur®  Curio- 
sorum,  Bd.  XXXIX  &  XL  (1877-78),  4to,  Halle. 


The  Academy. 


Laus-Anne. — Bulletin  du  la  Socicte  Vandoise  des  Sciences  Naturelles,  2nd  Series,  Vol.  XVI, 
No.  83  (1880),  8vo,  Lausanne. 


The  Society. 


Lokdon. — Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland,  Vol.  IX, 
No.  di  (1880),  8vo,  London. 

,,  .lournal  of  the  Royal  Asiatic  Society  of  Great  Britain  and  Ireland,  New  Series, 
Vol.  XII,  No.  2  (1880),  8vo,  London- 


The  Society. 


Journal  of  the  Society  of  Arts,  Vol-  XXVIII,  Nos-  1438—1460  (1880),  8vo, 
London. 

The  Socihty. 

Pah-Eontographical  Society’s  Publication,  Vol.  XXXIV  (1880),  4to,  London. 
Proceedings  of  the  Royal  Geographical  Society,  Vol.  II,  Nos.  1,  2,  4  &  6  (1858), 
and  New  Series,  Vol.  II,  Nos.  6  &  7  (1858  &  1880),  8yo,  London. 

The  Society- 

Proceedings  of  the  Royal  Institution  of  Great  Britain,  Vol.  IX,  Parts  1-2, 
Nos.  70-71  (1879),  8vo,  London. 

The  Iestitute. 

Proceedings  of  the  Zoological  Society  of  London,  Part  I  (1880),  8yo,  London. 

The  Society. 

Catalogue  of  the  Library  of  the  Zoological  Society  of  London  (1880),  8a'o, 
London. 

The  Society. 

Quarterly  .lournal  of  the  Geological  Society  of  London,  Vol.  XXXVl,  Part  II, 
No.  142  (1880),  8vo,  London. 

The  Society. 


Madiud. — Boletin  do  la  Sociedad  Geogratica  de  Madrid,  Vol.  VIII,  Nos.  6  and  6  (1880),  8yo, 
Madrid. 


The  Society. 


Makchesteh. — Transactions  of  the  Manchester  Geological  Society,  Vol.  XV,  Parts  14“  17 
(1878  and  1880),  8vo,  Manchester. 
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Titles  of  Books.  Donor. i. 

Melbouene. — lleport  (if  the  Chief  Inspector  of  Slines  to  the  Hon’hle  the  I\Iiiustcr  of  hliiics, 
for  1879  (1880),  flsc.,  Melbourne. 

Mining  Dept.,  Victoria. 

„  Reports  of  the  Mining  Surs'eyors  and  Registrars  for  quarter  ending  31st 

March  1880  (1880),  flsc.,  Melbourne. 

Mining  Dept.,  Victoria. 

,,  Transactions  and  Proceedings  of  the  Royal  Societ}-  of  Victoria,  Vol.  XVI 

(1880),  8vo,  Melbourne. 

The  Society. 

Moscow. — Bulletin  de  la  Societe  Imperials  dea  Naturalistes  de  Moscow.  Vol.  LIV,  No.  4 
(1880),  8vo,  Moscow. 

The  Society. 

Paris. — Bulletin  de  la  Societe  Geologique  de  Prance,  3rd  Scries,  Vol.  VIII,  No.  1,  and 
Vol.  VIII,  Seance  Geuerale  Annuello  et  Celebration  du  Cinquantenairc 
(1880),  8vo,  Paris. 

The  Society. 

„  Comptes  Rendtts  hehdomadaires  des  Sdanoes  de  I’Academie  des  Sciences,  Vol.  LXXVII 
(1873)  to  LXXXVIII  (1879)  (1873—79),  4to,  Paris. 

The  Academy. 

„  Memoires  de  I’Academie  des  Sciences  de  ITnstitut  de  Prance,  Vol.  XXXIX 
(1877),  XL  (1876),  and  XLI  (1879),  4to,  Paris. 

The  Academy. 

„  Memoires  presentes  par  divers  Savants  a  I’Academie  des  Sciences  de  ITnstitut  de 
Prance,  2nd  Series,  Vol.  XXI  (1875)  to  XXVI  (1879)  (1875—79),  4to, 
Paris. 

The  Academy'. 

„  Recueil  de  Mdmoires  Rajiports  et  documents  relatifs  a  I’Observation  du  Passage 
de  Vdnus  sur  le  Soleil,  Vol.  I,  Part  I  (1877)  and  II,  Part  1  (1878), 
(1877-78;,  4to,  Paris. 

The  Academy'. 

Philadelphia. — Journal  of  the  Academy  of  Natural  Sciences  of  Philadelphia,  New  Series, 
Vol.  VI,  Part  4  (1869),  4to.,  Philadelphia. 

The  Academy. 

„  Journal  of  the  Pranklin  Institute,  3rd  Series,  Vol.  LXXIX,  No.  6,  and 

LXXX,  Nos.  1  &  2  (1880),  8vo,  Philadelphia. 

The  Instithtb. 

„  Proceedings  of  the  Academy  of  Natural  Sciences,  Parts  I — III  (1879),  8vo, 

Philadelphia. 

The  Academy. 

Pisa. — Atti  della  Societa  Toscana  di  Scienze  Naturali,  Process!  Verbnli,  9  Maggio  1880, 
and  4  Luglio  1880  (1880),  8vn,  Pisa. 

The  Society. 

Rome. — Atti  della  B.  Accademia  dei  Lincei,  3rd  Series,  Transunti.  Vol.  IV,  fasc.  7  (1880), 
4to.  lloina. 


The  Academi  . 
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Titles  of  Books.  Donors. 

Rome.— Bollettino  del  R.  Comitato  Geologioo  d’ltalia,  Vol.  X  (1879),  Svo,  Roma. 

Geol.  Comm.,  Rome. 

Salem. — Bulletin  of  the  Essex  Institute,  Vol.  XI,  Nos.  10—12  (1879),  8vo,  Salem. 

The  Institute. 

St.  Petebsbueg. — Beitrage  zur  Kenntniss  des  Russisohen  Reiches  und  der  Angvenzeuden 
Lander  Asiens,  Eolge  II,  Band  I  (1879),  8vo,  St.  Petersbourg. 

The  Academy. 


Sinqapoee. — Journal  of  the  Straits  Branch  of  the  Royal  Asiatic  Society,  No.  5  (1880),  8vo, 
Singapore. 


The  Society. 


Vienna. — Jahrhuchder  Kais.  Konig. 

8vo,  Wien. 


Geologischen  Reichsanstalt,  Band  XXX,  No.  1  (1880), 

The  Institute. 


tl 


Verhandlnngen  der  K.  K.  Geologischen  Reichsanstalt,  Nos.  9 — 12  (1880),  8vo, 
Wien. 


The  Institute. 


Washinoton. — Bulletin  of  the  Philosophical  Society  of  Washington,  Vols.  I  (1874)  to  III 
(1880),  Washington. 

The  Society. 


Wellington.— Hutton,  E.  W.— Manual  of  the  New  Zealand  Mollusca  (1880),  8yo, 
Wellington. 

Geol.  Survey  oe  New  Zealand. 

„  International  Exhibition,  S}’dney,  1879.  Appendix  to  Official  Catalogue  of 

the  New  Zealand  Court  (1880),  8vo,  Wellington. 

Geol.  Survey  of  New  Zealand. 

„  Transactions  and  Proceedings  of  the  New  Zealand  Institute,  Vol.  XII 

(1880),  8vo,  Wellington. 

The  Institute. 

Yokohama.— Mittheilungen  der  Deutsohen  Gesellschaft  fiir  Natur  und  Volkerlmnde  Osta- 
siens,  June  (1880),  fisc.,  Yokohama. 

The  Society. 

„  Transactions  of  the  Asiatic  Society  of  Japan,  Vol.  VlII,  Part  2  (1880),  8vo, 

Yokohama. 

The  Society. 


October'  SBrd,  1880. 
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